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Abstract. Developed by us in 1998 the method of long-range weather forecast for the moderate latitudes of
Northern hemisphere is based on two-month similarity of atmospheric circulation which is well revealed by the
traditional method of analogues of one season. That is why similarity of atmospheric processes in the non-tropical
latitudes of Southern hemisphere was also explored by the method of traditional analogue. Similarity between
the processes of successive days on the fixed territory taking into account the coincidence of all geographical
coordinates allowed to setin Southern hemisphere two-month quasi-periodicity of large-scale and consequently
regional atmospheric circulation.

Taking into account found out the period of quasi-periodicity of regional atmospheric circulation of the Antarctic
Peninsula near 60 days in a summer period and near 70 days in a winter period the forecast scheme of anomaly of
average monthly temperature of air is developed. The forecast scheme of anomaly of average monthly air
temperature for the area of Academik Vernadsky Station is developed with monthly earliness with the aim of
equations of linear regression. The anomaly of average monthly air temperature of initial month is used in
equation of linear regression as prediktor. The estimation of forecast scheme was executed on dependent material
of separate years and showed success of the offered method of forecast of average monthly air temperature for
Academik Vernadsky Station. For the improvement of estimation of extreme values of temperature above the
Antarctic Peninsula and at Academik Vernadsky Station the scheme of long-range forecast of average monthly air
temperature was complemented by auxiliary equations, that allow to calculate extreme values. On the whole it is
possible to mark that found out atmospheric circulation conformities of near two-month quasi-periodicity for the
moderate latitudes of Southern hemisphere can be basis for development of method of long-range forecast of
atmospheric circulation and weather conditions for the territory of Antarctic Continent.

Key words: long-range forecast, two-month quasi-periodicity, atmospheric circulation, similarity of
atmospheric processes, average monthly temperature, ice cover.

Pedepar. PazpaGorannsiit Hamu B 1998 1. MeTOI JOJIITOCPOYHOTO MPOTHO3A ITOTOBI ISl YMEPEHHBIX HINPOT
CeBepHOTo MONyMIApUsl OCHOBAH HA IBYXMECSYHOM aHAJOTHYHOCTH aTMOC(EPHON IMHUPKYIALHH, KOTOpas
XOPOLIO BBIABJISIETCS C IOMOLIBIO TPAJAULIMOHHOIO METO/Ia aHAJIOTOB OJHOTO ce30Ha. [loToMy aHaorM4HOCTh
aTMOC(EpPHBIX MPOLECCOB BO BHETPONMYECKHUX MIMpoTax HO’KHOTO Moymapust Takke ObLIa HCCIEOBaHA C
TIOMOIIbIO METO/IA TPAAUIIMOHHOTO aHaIora. AHAIOTMYHOCTh MEX/Iy IPOIieccaMu MOCIe0BaTeNbHBIX HEH Ha
(DMKCHPOBAHHOM TEPPUTOPUH C YISTOM COBIIAICHUS BCEX reorpa(unuecKix KOOPAHHAT IT03BOJIHIIA YCTAHOBUTS B
IOxHOM modymapuyu ABYXMECSUHYIO KBa3MNEPUOJMYHOCTh KPYMHOMACIITAaOHOM, ¥ cleJoBaTeIbHO
PETHOHAIBLHOM, IUPKYIISIIUK aTMOC(EpEL.

VYuuteiBas 0OHApPYKEHHBIH MEPUOJ KBAa3HIIEPUOJUYHOCTH PETHOHAIBHOW aTMOChEpHON NIHPKYIALUU
AHTapKTHUYECKOTO MOJyocTpoBa Okojo 60 nHel B jeTHWil mepuox u okoino 70 aHEH B 3UMHHI Tepuo,
pa3paboTaHa MPOrHOCTHYECKAs CXeMa aHOMAJINH CPeHEI MECSIIHON TemMIepaTypsl Bo3ayxa. [IporaocTnueckas
cXeMa aHOMAJIUK CPETHEeH MECSYHOW TEMIIepaTyphl BO3AyXa Ui paiioHa CT. Ak. BepHaackuii pa3paboraHa ¢
MECSYHON 3a0JaroBpeMEHHOCTHIO ¢ TIOMOIIBIO YpaBHEHNUI IMHEWHON perpeccur. B kadecTBe mpeaukropa B
YPaBHEHUM JIMHEHHON perpeccuu HCIHOJIb3YyeTCs aHOMalIMs CpEAHEHl MecA4HOM Temmeparypbl BO3ayXa
HCXOIHOTO Mecsa. OneHKa MPOrHOCTHIECKON CXeMBbI ObLTa BHITIOJTHEHA HA 3aBUCHMOM MaTepHaie OTACIbHBIX
JIET U [IOKa3aja yCIEeNHOCTh PEJIOKEHHOTO METOIa IMTPOTHO3a CPEAHENH MECIYHON TeMIepaTyphl BO3AyXa JUls
cT. Axanemuk Bepmagckuit. [l yimydmieHWs OLCHKM OSKCTPEMalbHBIX 3HA4eHWH TeMIIepaTyphl Haj
AHTapKTHYECKMM MOIYOCTPOBOM WU CT. AKaJgeMuk BepHajackmif cxema HONTOCPOYHOTO MPOTHO3a
CpeTHEMECSIHON TeMIIepaTyphl Bo3ayXa OblUla JOIIOJIHEHa BCIIOMOTaTeIbHBIMI YPAaBHEHHUSMH, YTO IT03BOJISIET
BBIYHCIISITE HKCTPEMaNbHBIE 3HAYEHUA. B I[eT0M MOXHO OTMETHTh, YTO OOHAPYKEHHBIE 3aKOHOMEPHOCTH
aTMOC(epHOH IUPKYISIMN OKOJO JBYXMECSYHOH KBa3HIIEPHOJMYHOCTH IS YMEPEHHbIX mmpot HOxHOTrO
MOJyIIapusi MOTYT OBITh OCHOBOH il pa3pabdOTKH METoAa JOJTOCPOYHOTO IPOTHO3a aTMOC(EepHOM
LUPKYJISILIH ¥ TTOTO/THBIX YCIIOBHH JUIsl TEPPUTOPHN AHTAPKTHIBI.

KnroueBble c10Ba: TOITOCPOYHBIH MPOTHO3 TOTOABI, ABYXMECSUHAs KBA3HIICPHOAUIHOCTH, aTMOC(epHas
LMPKYJISLHS, aHAJIOTHYHOCTH aTMOC(EPHBIX IPOLIECCOB, AHOMAJINS CPETHEMECIYHOMN TeMIIepaTypbl, JISI0BbIH
MIOKPOB.
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1. Introduction

Development the methods of long-term weather forecast is one of the most important and
complex problems of meteorological science, taking into account its utmost importance in human's
life. Development the long-term weather forecast have begun from the end XIX — beginning XX
century when first network of meteorological data has been set up. The basic task in the field of long-
term weather forecast was to study general circulation in the atmosphere as the set of large-scale flows
in the troposphere and stratosphere.

The most essential results during the early period of research were obtained by Multanovsky,
Walker, Baur, Nemayes, Teisserence de Bort [1-4]. The existence of permanent centres of action of
the atmosphere (PCA) was revealed on climatological maps of sea level pressure and it was shown,
that the large-scale atmospheric circulation and weather settings are determined first of all by intensity
of PCA. The state of PCA is used in methods of long-range weather forecast up to now.

For the Southern hemisphere the problem of the long-term forecasts is aggravated by lacking
both data and research into large-scale synoptic processes in the Southern hemisphere as well as in the
Antarctic peninsula region. Until recently it did not give an opportunity to develop weather forecasts
in long lead (month, season). Therefore techniques of the long-term forecasts for the Antarctic
peninsula does not exist, despite of its exclusive importance for safe navigation, sea ice forecast,
carrying out expeditions and field research, maintaining meteorological services at other Antarctic
stations of countries-participants of the Antarctic agreement, and tourism operations.

This paper is devoted to research into the large-scale atmospheric circulation in the Antarctic
for detection the basis of long-range forecasting in 1-2 months lead. In this paper transformations in
the large-scale atmospheric processes in the Southern hemisphere are firstly obtained which became a
basis of the further development the techniques of long-term weather forecast for the Antarctic
peninsularegion.

2. Materials and method of research

The initial information for research of large-scale atmospheric processes of the Southern
hemisphere are the daily fields of sea level pressure (SLP) and geopotential fields at a level 500 rlla
between 40-800 S. from a data of the department of climatic researches and long-term weather
forecast UHMI, archive of RSHMC (Obninsk) and ERA-40 reanalysis for the period 1980-2008. The
archives of fields of pressure are submitted in nodes of the regular grid at a step 2,50 on latitude 0 and
longitude 0 and are written down as a matrix:

X1 X, Xy e Xy eee Xpqp o Xy
X, Xy Xy e Xy oeee Xgp o Xg,

X=|...|l=|... ... ... ... .. .. ..|i=12..K, j=12..N (I)
XN xlN xZN xiN xK—lN xKN

where the elements x; of the matrix X correspond to meteorological value in i-node of a regular
geographical grid by a step of 2.5 degrees on latitude and longitude a j-field:

X = {x } =(x,%,...%), i=1,2,.. K, (2)

where x, — meteorological value of the elements x, of the matrix X, K — number of units of a regular
grid, N—number of fields in archive.
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The method analogue of synoptic processes is as a method of research of large-scale atmospheric
circulation used (Maprazunosa B.®., 1987, Maprasunosa B.®., 1987). The traditional approach to
similar synoptic processes consists in the following: if on some region of a terrestrial surface during
some time is marked similar synoptic processes, that was observed in past time in the same territory
and in the same calendar terms, then current process will develop similarly. However, such approach,
as practice of long-term weather forecast confirms and as shown in (Jlopenm 3., 1982), is not justified,
and two synoptic processes in 5—7 days become casual in relation to each other. Offered in
(Maprasunosa B.®., 1987, Maprasunosa B.®., 1987) the new approach to a principle analogue of
two synoptic processes removes the traditional requirements of similarity of processes at the same
territory in same calendar terms and requires only geometrical similarity of two planetary high-level
frontal zones (PHFZ) and fields of pressure at surface of the Earth in the South hemisphere and thus
does expand researches of periodicity of atmospheric processes in the time and space for a Southern
hemisphere. Such approach has received the name of a method of floating analogue (Mapra3unoBa
B.®.,1987).

Daily average, maximal, minimal and average monthly temperature of air for Akademik
Vernadsky Station during the period 1987-2008 from a data of the Ukrainian Antarctic centre and
department of climatic researches UHMI also were used. The archive of temperatures is written down

alsoasamatrix T: Ty T, - T, - Tary
T= | T1p Tap Trmp Twmp
Tlp sz Tmp TMP

were m=(1,2,...M), p=(1,2,....P), T, = {t}, =(t,t,..t),, corresponds to a vector of daily
temperature of air for m-th year (m=1987 + 2008) p-th month on Akademik Vernadsky Station,
P-number of months in one year, K-number of days in one month.

For classification ofthe annual daily average temperature regimen on the Vernadsky Station of
the period 1997-2008 and definition in each class of a temperature mode with the greatest information
about class was used a method of "etalons" (Martazinova V., 2005). The etalon of a class determines
one annual daily average temperature regimen which has best similarity with the rest yars of set it's the
class. The two following criteria of analog are used for this purpose:

1. The criterion of geometrical similarity allows to estimate the coincidence on a sign of
anomaly of two curve temperature regimen:

n, —n_
pP= ’ 3)
n,+n_
where n,—number of days in one year, where the sign of anomalies coincides, n — number of days in
which a sign of anomaly is opposite in year. The criterion changes 12p= -1.
2. Criterion of mean square distance 1 between two curves of temperature regimen:

1 & )
i=1

where x, and x,— values of temperature of air in i-th day of a curve of temperature regimen j-th and
m-th of year of a class.

Such approach to classification allows all variety of curves of temperature regimens to reduce
to several basic cases-etalons, which play the important role in formation about climate of Vernadsky
station and in construction of a method of long-term weather forecast over Antarctic peninsula.
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3.Seasonal character of temperature condition Academik Vernadsky station last decade

For development of the methods of the long-range weather forecast for the Antarctic Peninsula
region it is necessary to study present-day regional air temperature regime in all seasons. Daily mean,
maximal and minimum air temperatures at Vernadsky station as well as its statistical characteristics
during 1997-2008 are shown in table 1. January is a warmest month (T=1.20°C), August is coldest
(T=-6.40°C). The smallest variability of air temperature from year to the next is marked in summer (A
above 20°C), the largest variability is detected in winter (A above 60°C).

Table 1
Monthly mean and extremal air temperatures, standard deviation (O),
monthly amplitude (A) at Academik Vernadsky base, 1997-2008

I I 11 v v VI VII vin | IX X XI XII year
TC 1.2 1.1 0.0 -1.4 -2.8 -4.4 -54 -6.4 -6.1 -3.5 -1.7 0.0 -2.4
Tinax 2.2 23 1.6 0.1 -0.2 -1.1 -2.6 -2.9 2.5 -1.5 -0.6 1.1 -1.5
Toin -0.4 0 -2.2 23 -5.9 9.3 -8.5 -9.2 9.1 -6.5 24 -1 -3.5
o 0.8 0.7 1.0 0.7 1.4 2.1 1.8 1.9 2.1 1.4 0.5 0.6 0.6
A 2.6 23 3.8 24 5.7 8.2 5.9 6.3 6.6 5 1.8 2.1 4.4

Using method of etalon the classification of air temperature regime during the year by the data
of Vernadsky base was carried out and three classes were distinguished (fig.1). The first class of
temperature regime comprises majority of years: warm processes in summer with positive anomaly of
mean monthly air temperature, by 1-20°C. Cold period is characterized by more significant

Fig. 1. Types of annual courses of air temperature (modes) at Vernadsky base.
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oscillations in daily mean air temperature. Greatest oscillations in the air temperatures from day to the

next are marked in winter, reaching 20°C, including sharp cold spells from 00C to as low as —25°C in
the nearest 1-2 days (fig.1). The etalon year of the air temperature regime of this class is 2004. The
second class of air temperature regime in summer is characterized by the air temperature within the
limits of climatological norm, and is characterized by insignificant variability from day to the next
during the winter period. As a rule, such winters are warm with air temperature changes from 0°C to
—50°. The etalon year of this class of the air temperature regime is 1998 (fig.1). The third type of air
temperature regime in winter comprises anomalously cold processes. In summer the nightly air
temperatures can fall below —60°C, and fall in daily mean air temperatures as low as to —200° C is
marked from the first days of the winter. As an etalon year of this class is the winter of 2005 (fig.1). The
lowest air temperatures during this winter were registered about —250°C, and the highest air
temperatures during the summer were about 50°C.

Classification of the air temperature regime makes possible to lay basis on the long-range
predictability of air temperature at the Vernadsky base:

1. if the winter begins with the lower air temperatures, as in 2005, during a winter period the air
temperature within— (20— 25) °C can be expected;

2. if the winter begins with temperatures about 0°C, a steady temperature mode within +5,
—5°C to the midwinter is expected. The second half of the winter can have abrupt differences of air
temperature or it can continue to oscillate within the limits of temperatures of the first half of the
winter;

3. the air temperature in early spring period (September) has the largest variability in the
minimal temperatures, and as a rule, the first half of spring can be considered as a continuation of the
winter;

4. regardless the type of air temperature changes from day to the next in the winter period,
spring air temperatures' amplitudes reaches the maximum in both low and high values;

5. the most complex and spontaneous character of air temperature oscillations is marked in the
early spring. Autumn is characterized as the season with smallest oscillations in temperature regime.

4. The two-month quasiperiodicity of atmospheric processes in the Southern Hemisphere
and its seasonal position
Stability analysis of the initial geopotential field at 500 hPa level in the Southern Hemisphere
during 3 months from day to the next with a time step Tt =1, 2, 3....K during the indicated time period
can be conducted using the geometric criterion of similarity:
o 1 K-t
p(‘t):i p(tat—"_‘t)a (5)
K —T =
where

p(t,t+r)=n(i’i+r)*]:]n(i’i+r)‘, ©)

where K is number of geopotential fields in the archive for the period 1997-2006. As noted above, all
similarity criteria of atmospheric processes, regardless of the different similarity approaches they
represent, are well-correlated in between themselves. Stability of the initial air pressure field within
the first days is determined by the value of ¢> 0.3 and indicates the similarity by the signs of anomalies
for up to 60—65% of the given area. This threshold has climatic significance, which is consistent with
the atmospheric centers of action in the Southern Hemisphere. In general, the stability of the initial
pressure field retains during the first days and further on decreases sharply in all seasons. An increase
in m during the temporal range 55-60 days was noted to be common for all curves in both winter,
summer, and in general for the year, which corresponds to a weak similarity in geopotential fields after
two months from the initial point. The stability of the initial geopotential fields has a seasonal
dependence: winter geopotential fields are much more stable than the summer ones.
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The similarity of atmospheric processes in the middle troposphere level in the Southern
hemisphere was investigated by the floating analogues method for the three-month interval, as shown
in [5] for the Northern Hemisphere. Floating of the current pressure field based on previous fields
during the three-month interval was limited by longitude by a AL’= 2.5’ step to the west and east,
which was determined by half the distance between the atmospheric centers of action, and with a
latitude step of A= 2.5’ it did not exceed the distance between winter and summer planetary upper-
tropospheric frontal zone (UTFZ) position. At each time step At=1day a maximum similarity matrix of
synoptic processes in the Southern Hemisphere p(max) was calculated for +A¢” u+AL’.

1 plZ(ma:r) plé’(max) s le(maac)
1

_ p23(max) tee pZK(max)
p(max) -

where py,,, indicates the best measure of similarity of the initial synoptic process with subsequent
onesatatimestepj=1,2,..., K, day (K corresponds to a three-month interval from the initial day). For
example, P, sShows the best similarity of the pressure field between the first and third days. Also,
the geographical location of each maximum similarity is fixed by the coordinates of the analog's offset
by+A¢’ n+AL'.

The autocorrelation values (max) analysis showed that the synoptic processes of the Southern
hemisphere have a two-month quasiperiodicity likewise to the one observed in the Northern
hemisphere. Similar atmospheric processes with a two-month quasiperiodicity have a seasonal shift in
latitude and longitude compared to the initial synoptic processes (Table 2).

Table 2
Offset of the two-month similarity of atmospheric processes at the middle
troposphere level of the Southern Hemisphere

Current month Analog-month Offset
A AN

March January +5 =5
April February +5 -5
May March +7.5 =7.5
June April +5 -10
July May 0 0
August June 0 +5
September July -5 +10
October August -5 +12.5
November September -5 +10
December October -5 +10
January November -5 -10
February December 7.5 —12.5
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As seen from Table 2, the similarity of the atmospheric processes in the Southern hemisphere
has a seasonal position. This seasonal position is explained by a seasonal pole-equator and land-ocean
temperature gradient. For example in summer, when UTFZ in the middle troposphere level is higher
than in autumn, the analogues of the summer atmospheric circulation in the hemisphere are to be
shifted lower (southward) by —5,—-7.5°.

The two-month quasiperiodicity of the atmospheric circulation can be clearly seen from the
graphs of daily mean air temperature at Academician Vernadsky base for the winter season (May,
June, July and August) of 2007 (Fig. 2, 3). The two-month quasiperiodicity of atmospheric processes
of June is noted in May, and the one of August — in July. The similarity in the atmospheric circulation
canbe seen in the temperature regime in May, July, August in June.

B 1 141 12 13 14 44 418 iF & 1@ 20 21 B2 25 24 T4 TA ZF 25 2O S0 E4

B 40 11 12 45 14 14 18 47 15 18 = 21

Fig.2. Air temperature regime (daily mean and extremes) at Academician Vernadsky base in
July 2007 with a two-month quasiperiodicity in May 2007.

The similarity of temperature in July relative to May 2007, with a slight delay, has high
criterion of similarity (p = 0.85). Typically, a two-month similarity of the atmospheric circulation in
the given season is well evident even with the traditional analog method (Table 2). As a next example
of the two-month periodicity of atmospheric processes the air temperature regime at Academician
Vernadsky base in August 2007 is shown (Fig. 3).
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June

Fig. 3. Air temperature regime (daily mean and extremes) at Academician Vernadsky base in
August 2007 with a two-month quasiperiodicity in June 2007.

Similarity in the air temperature regime in June and May is high with a weak lag with the
criterion of similarity p=0,80. The detected two-month quasiperiodicity of atmospheric processes is
essential for developing a method of long-term weather forecasting and provides great opportunities
for long-term detailed weather forecasts with monthly advance. Knowing the nature of the changes in
the atmospheric processes in advance for the month one can recognize which changes in the air
temperature can be expected in the next 40 days in the Southern Hemisphere, possibly including an
opportunity to predict the ice cover in the sea around the Antarctic Peninsula. For these calculations,
the model of circulation THREETOX complemented by model of the dynamics-thermodynamics of
ice[16, 17]isused.

5. The model of formation of ice cover

To describe the processes of formation of ice cover the circulation model THREETOX [16], is
used, that is supplemented by a model of the dynamics-thermodynamics of ice [17]. The circulation
model is a hydrostatic model with free surface, the equations are written in the orthogonal curvilinear
system of horizontal coordinates and in the mixed-sigma vertical coordinate system. Turbulent
mixing is parameterized using exchange coefficients and turbulence model. Ice dynamic model
describes the thermodynamics of ice, rheology of ice sheet, mass balance, the ice concentration and
stresses.
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Formation of ice cover in the shelf areas of the antarctic aeas, for example, in Weddell Sea,
begins with the formation of ice at negative temperature of air. The cause of the formation of frazil ice
is super-cooling the inner layers of the water column, whereas the ice has not formed on the surface. In
most models, this process is not described and it is assumed that the entire frazil ice immediately gets
on the surface, where a young ice is formed. But for the modeling of the shelf convection it is necessary
amore detailed description of this process, because the formation of ice resulted not only in the release
of brine, which increases density but also in the entrainment of the suspended sediments [18, 19].
These processes can make a significant contribution to the maintenance of near-bottom gravity
currents, contributing to the formation of Antarctic Bottom Water (ABW).

To properly describe the formation of frazil ice, the equations model the hydrodynamics of the
ocean [16], inaccordance with [18, 19], supplemented by distributed sources:

dr 0 . NOT 0 or 0 or 1 ol
—=— (Vﬁ'V/)_ +—| K, — |[+—| K,— |+ —+G, @)
Oz Ox

dt 0Oz ox oy oy p,c, Oz

as 0 ., ,\0S 0 oS 0 oS
—=— (v,+v,. — |+—| K, — |+—| K, — |+G; (®
dt oz 0z Ox ox oy 10)%

where £ is time; V; is the coefficient of vertical diffusion; v ;.is background value of vertical diffusion

coefficient, K is the coefficient of horizontal diffusion, p is a undisturbed density of water, ¢ water
p

heat capacity, /(z) is a flux of penetrating solar radiation, 7' is a water temperature, S is salinity, G,

and G, are distributed sources for te mperature and salinity, respectively.
Introduce one more of advective - diffusion equation, which describes the transport of frazil ice
within the aquatic environment:

dC. 0 . \0C, oC, 0 oC, 0 oC,
—=— (v1+v/. — |-w—+—| K, — |+—| K,— |+G )]
dt oz oz 0z Ox Ox oy oy

where C, is volumetric concentration of ice; G, is a distributed source of the ice, Wi is a speed of lifting
of ice on the surface of water.

Distributed sources for temperature, salinity, and ice in the water column depend on the
freezing and melting of ice crystals. It is assumed that volume changes are controlled by the ice flow of
heat from the already existing ice crystals in the water column and change of the heat balance leads to a
change in their volume of ice by the crystallization or melting. Salinity varies in accordance with the
influx of salt particles during freezing or fresh water during their melting.

The flow of heat from the ice crystals in the surrounding water is:

O, = Nuk, (T,-T)2r (10)

where Nu = 6 is the Nusselt number; kw is a thermal conductivity at the boundary of the ice-water; 7:

is a the temperature of the crystal ice; 7 is the ice crystal radius. The temperature of ice crystals is
assumed equal to the freezing temperature of ice and depends on the temperature of the surrounding
water and salinity.

Heat flow equation for the temperature of water is described as:

ac.0
c,p

G, = (11
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where ¢ is the ratio of surface area to volume of the crystal ice, for a sphere a = 3/r, for a cylinder or
disk a =2/r.

Increased salinity due to crystallization or water desalination due to melting is described as:

G =258 (12)

i L‘.P
where L is the latent heat of crystallization of pure ice.

The boundary conditions for the equation of the concentration of frazil ice are:

i

oC .
at bottom —= = ( and at surface v : — =W,
oz 0z

where W, is prescribed.

This model of frazil ice complements the equations of dynamic -thermodynamics of the ice cover
[17] by an explicit description of the processes of formation of young ice.

6. Scheme of the long-range forecast of anomaly mean monthly temperature of air for the
Academik Vernadsky Station in the cold and warm periods of year.

On the basis of revealed we two-month quasi-periodicity of atmospheric circulation above a
Southern hemisphere and, hence, above the Antarctic peninsula, developed forecasting scheme of
anomaly of mean monthly temperature of air with monthly earliness. In given article the developed
scheme of the forecast for area of the Vernadsky Station with the help of the equations of linear
regression is resulted:

AT2 = aAT 1+, (13)

where AT, is predictor, which corresponds to value of anomaly of mean monthly temperature of air at the
moment of forming of the forecast, AT,., — is forecast value of anomaly of mean monthly temperature
in the second month from initi al A7, The equation of linear regression was received by a method of the
least squares:

z (AT~ AT, )? = min, (14)

i=1

where AT j— actual value, AT, — forecast value ATy, for i month, n — quantity of the designed
forecasts. Then:

n
0 ). (AT, 0AT,-b) o0 = 0, (15)
i=1

n
0 ). (AT’ aAT,b) /ob =0, (16)
i=1
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These conditions are reduced to system of the equations:

Z AT’}AT,:aZ ATﬁ+bZ AT; (17)
Z AT';:aZ AT; + nb, (18)

Whence

n n
b=1n D, AT'-aln ), AT, (19)
i=1 i=1
n n n n n
a:nz AT AT;- Z AT,»Z AT”,-/nZ ATiZ-(Z ATy (20)
i=1 i=1 i=1 i=1 i=1

Calculate forecast scheme are various for warm and cold half-year at the expense of various
variability of temperature of air from day to day in each half-year. Received forecast scheme of the
forecast of anomaly of temperature of air in the second month from initial in the cold period has the
equation of regression:

AT s =aAT, +b=2.4AT,-1.57, 1)

where as predictor AT, the anomaly of mean monthly temperature of air of initial month in the cold
period (April — September) is used. Temperature of air in the cold period has the large variability from
day to day, thus the value of anomalies can reach critical value and consequently in the forecast
equation (21) coefficients (a) and (b) on absolute value above than values of warm half-year:

AT > = AT, +b = 0.71 AT, +0.57. 22)

As predictor ATt of the equation (22) the anomaly of mean monthly temperature of air of
month of the warm period (October — March) is used. Temperature of air in the warm period has small
variability, therefore the coefficients of the equation (22) are close to zero.

The estimation of forecast schemes was carried out on a dependent and independent material of
separate years and months of the cold and warm periods. It was got at verification of method, that the
sign of anomaly on the second month from initial is forecast successfully, with probability about 70%
in a cold period and 75% exceeds in a warm period. It is necessary to note, that the values of anomaly
of temperature close to 1°C are predicted successfully in a range of a mistake +0.5°C, but the given
method has bad predictability for values of large anomalies from 2-—4°C and by that lowers an
estimation of success of a method of the forecast.

Taking into account, that the forecast of extreme values of temperature has large practical
preciousness and that the quantity of extreme values is increased to the cold period, and the offered
method does not allow successfully to predict extremeness, the scheme of the long-range forecast of
mean monthly temperature of air above the Antarctic peninsula and Academician Vernadsky Station
was complemented by the auxiliary equations with the help of an average square of a difference
between forecast and actual temperature. Residual dispersion D=0°-0°, (where 0° — dispersion of
forecast temperature, 0°, — dispersion of actual temperature) shows, that than more considerable D, the
more mistake of extreme anomaly of temperature. In view of particularity 0°/0°, the equations of

linear regression allowing to calculate of extreme values AT, were constructed:
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AT 2=¢(0AT +b) (23)
where predictor 7', remains former, €is a coefficient of extremeness, expected on a formula:

24

where AT}, — actual anomaly of mean monthly temperature of air in the second month from initial at

station from sample of volume N; AT}W — forecasting anomaly of mean monthly temperature of air in
the second month from initial same sample. The coefficient of extremeness is removed by the lack of
the linear equation consisting that all forecast magnitude change near the norm.

However this improvement of a prediction of extremeness of values is reached by its some
deterioration for small deviations AT ,,,. The offered method allows to predict extreme values of

anomaly of mean monthly temperature of air AT ,,, with anticipation for a month.

Conclusions

As awhole it is possible to note, that the method of the long-range forecast of anomaly of mean
monthly temperature of air for the Antarctic Heninsula is created. The revealed spatiotemporal two-
monthly quasi-periodical mechanism of atmospheric circulation of the Southern hemisphere in a basis
of the method, offered in the given job, the long-range forecast of temperature of air above the
Antarctic peninsula. The estimation of success offered of the forecast scheme in the warm and cold
periods has shown good justification in a mark of anomaly of mean monthly temperature. The
calculate scheme of the forecast is prepared for operative job. With the help of law of atmospheric
processes on a Southern hemisphere further is planned to proceed to development of the detailed long-
range weather forecast — the periods of sharp changes of pressure, temperature and strong
precipitation inside of forecasting month with monthly earliness.
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