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OcobeHHoCTM pa3BuTMA 6NOKMPYIOLLMX NPOLIECCOB
B CeBepHOM U HOKHOM nonyLwapmax

'KoHoHoBa H.K., “Mopo3osa C.B.

" WuctutyT reorpadum PAH, Mockea, Poccusa
* Kaepa KnuMatonorum reorpaduyeckoro dpakynbTeta CapaToBCKoro rocynapcTeeHHoro yHusepcuTeta, Capatos, Poccusa
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CCIIeJOBAHHE TAKMX KPYITHOMACHITAOHBIX YCTOMYMBBIX POLIECCOB B aTMocdepe, Kak OJOKUHTH, ITpea-
CTaBJIsIeT OOJIBIION HAYYHBIH M MPAKTHYECCKUH WHTEpEC, MOCKOIBKY NPOLECChl OJIOKUPOBAHMS OCTa-
FOTCSI OCHOBHBIMY IIPH ()OPMUPOBAHUH KPYITHBIX aHOMAJIMI KJIIMMaTa ¥ TIOTOAHBIX YCIIOBHH.

B Hacrosimeii pabore ¢ npuMEeHeHnEeM CHHONITHYECKOTO TTOIX0/1a ITOCTaBIeHa 33/1a4a pacCMOTPETh MeXa-
HU3MbI popMHpoBaHus OJIOKMHTOB B KOXKHOM MOJyIIapUH U BBISIBUTH OCOOCHHOCTH YCTAHOBJICHHN OJIOKHUPY-
o1ux pexxnuMoB B CeBepHoM U FOkHOM nonymapusx.

Jna ananusa ucnonb3oBaHbl KapTel noroasl I'uapomernentpa PO mis CesepHoro u FOxHoro nomyia-
puii. ITo Kanenmapro nocienoBareabHON CMEHBI 2JIEMEHTAPHBIX UPKYISIUOHHBIX MexaHu3MmoB (DLIM) [3]
BeIOpanuchy DM ¢ ogHMM, IBYMS, TPEMsI U YETHIPbMsI OJIOKMPYIOIIMMHU IPOLECCAMH M PACCMaTPUBAIOCH X
pa3BUTHE Ha NpoTshKkeHnu aeiictus D1M.

B.JI.13epnzeeBckuM [1, 2] ycTaHOBIIEHO, YTO OJOKMPYIOLIME MPOLECCHl Pa3BUBAIOTCSI OJTHOBPEMEHHO B
CeseproM u HOxHOM nmomymIapusx IpUMEPHO Ha OJHUX M TEX ke foarorax. Ilpu 3ToM npoucxoaur coeauxe-
HHUE apKTUYECKOI0/aHTAPKTUYECKOr0 aHTHLUKIIOHA ¢ cyOTponmueckuMm. st CeBepHOTO mojymapusi Mexa-
HU3M 00BEANHEHNS apKTUYECKOT0 U CyOTPOIMYECKOr0 aHTHIIMKIIOHOB N3BECTEH U 3aKIIIOYACTCs B IBHIKCHUT
APKTHYECKHUX aHTUIMKIIOHOB C FOXKHOM (Yalle — I0T0-BOCTOYHO) COCTABIISIONICH, B pe3yJIbTaTe Yero MpoUcXo-
JIAT TTOTIOJTHEHHE CyOTPOITMUECKOM ITOJIOCHI BBICOKOTO JIABJICHNSI CBE)KUMH apKTHYECKUMH SIIPAMH.

[Tpn u3yueHnn UUPKYISIIUOHHBIX MeXaHH3MOB B HOXHOM nosrymapuu ObUIO YCTaHOBJICHO, YTO TPOLIECC
CJIMSIHUSL QHTAPKTHYECKOTO M CyOTPOITMYECKOTO aHTUIIMKIOHOB MPOHUCXOIUT COBEPLICHHO IO-IPYyTroMY, YeM B
CesepHoM. OCHOBHOE OTJIMYHE 3aKII0YAETCSI B TOM, UTO, eciii B CeBEepHOM IOJIyIIapHH, KaK IPaBUIIO, IpeOeHb
APKTHYECKOTO aHTUIMKIIOHA PaclpoCTPaHseTCsl B HU3KUE IUPOTHI, TO B KO)KHOM TpeGeHb CyOTpOnniecKoro
AQHTHUIMKIIOHA BBITATMBACTCS B 00J1ACTh BBICOKHX IIUPOT, B CTOPOHY AHTaPKTH/IBI.

B kadecTBe npuMepa, MWIUTIOCTPUPYIOIIETO 3TH 0COOCHHOCTH, IIPUBE/IEM OITMCAHUE TIPOLIECCOB, Pa3BHBAB-
muxcst 5 aBrycra B CeBepHoM (s1eTo) 1 FO>kHOM (3MMa) TTONTy LITapHsIX.

B CeBepHoM monymmapuu B 3TOT JieHb cymiectBoBan JL[M 12a ¢ geThipbMs OIOKHPYIONIMMH MPOIecca-
Mu: HaJl ATiianTukoit, Tuxum okeanoM, Bocrounoii Cubupsio 1 Amepuxoii. B CeBepHoM nomymapuu Haj At-
JIAHTUKOW MPOUCXOAUIIO aPKTUYECKOE BTOPXKEHUE B ThULY CEPUU IOXKHBIX LUKJIOHOB, HaJ THXUM OKEaHOM - B
TBUTY aJICyTCKOTO IIMKJIOHA, HA AJISCKY - B ThUTy LIMKJIOHA HaJl AMepHKoi, 1 Ha Boctounyro Cubups - B ThUTY
JIAJIbHEBOCTOYHOH LIUKJIIOHUYECKOH crcTeMbl. Bo Bcex caydasx B ThUTY LIMKJIOHOB BO3yILIHbIE TOTOKH HAIIPaB-
JIEHBI C CEBEpa Ha IO

B IOxHOM nonymapuu B 9T0 ke BpeMsi HaOJII0alloch TOXEe YEThIpe CUTyaluy OJoknposanus. B Atinan-
THKE, B THUTY IIMKJIOHA Y BOCTOYHBIX OeperoB AMEpHKH, BO3YIIHbIC TIOTOKU TAaKKe ObLIN HaIpaBJICHBI C CEBe-
paHa IO, T. €. OT CyOTPOITMKOB K AHTAapKTH/IE, TI03TOMY OJIOKHPYIOLIUH MPOLIECC B THUTY 3TOTO IMKJIOHA Pa3BH-
BaJICSl BBITATHBAHUEM I'PeOHsI CyOTPONNYECKOTO aHTHIMKIOHA K AHTapkTuae. OTMETHM, 4TO HaJl HEH B 3TO
BpEMsI HE CyIIECTBOBAJIO 3aMKHYTOI0 aHTULUKIOHNYECKOro odara. B TuxoM okeaHe B ThUTy LIUKJIOHA C LEHT-
pOM ceBepHee cTaHIKM MooaéKHas pacrojaraics TpedeHb CyOTpOIIMYEeCKOr0 aHTUIMKIIOHA, 3aKaHIHNBAalO-
IIMHCST HEOOJBIIMM CaMOCTOSTENIFHBIM SJIPOM B paioHE MOJISPHOTO Kpyra MEXIy CTaHIMsIMH Boctox u
Amyncen-Ckott. Tpernii rpebens copMUpOBaICs B ThUTY LUKIIOHA, PACHIOIOKEHHOTO I0JKHEE ABCTPAINHU Y
OeperoB AHTapkTHIBL. UeTBEPTHIN mpoTsiHyics oT FOxkHol AMepHky K craHun AMyH/IceH-CKOTT.

XapakTep U3MEHEHHUs TeMneparypbl Bozayxa B CeBepHoM 1 FOkHOM Tonymiapusx pu popMHpPOBaHUT
OJIOKMPYIOIINX MPOIIECCOB B THUTY LIMKJIOHOB TaKke pasindeH. Ecim B CeBepHOM moiyIiapuy Ipu apKTuye-
CKOM BTOPKEHUU MTOXOJIOJJAHHUE PACTIPOCTPAHSAETCS C C€Bepa Ha 0T, To B HOKHOM NOJyIIapyuu ¢ HauanaoM BBITS-
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TUBaHUs IPEOHS CyOTPOIMYCCKOTO aHTUITUKIIOHA C CEBepa Ha T, OT CYOTPONUKOB K AHTapKTHKE, pacpocTpa-
HSETCS TEeIUIbIM BO3AYX. .

Taxum 00pa3zom, B ThUT UKIOHOB U CeBepHOTo, U KOKHOTO MOy Iapuii 4acTo pacipoCTPaHSIOTCS rped-
HU BbICOKOTO JaBieHus. Opnako B CeBepHOM MOIYLIApUU OHU UMEIOT apKTHUYECKOE MTPOUCXoXkKAeHHE, a B FOx-
HOM - cyOTpomudeckoe. Bo3MoKHO, Takoe pa3jindue CBA3aHO C TEM, YTO AaHTAPKTHYCCKUI aHTUITMKIIOH ropa-
3110 MHTCHCUBHEE U OOJIBIIIE 110 TUIOMIAU, YeM aPKTUICCKHUMA, U BRIHYKIACT CYOTPOIINYECKIE TPEOHU pacipo-
CTpaHATHhCS B HAIIPABICHUU O0JIACTH, 3aHUMACMON MM. DTH OCOOCHHOCTH CJICIYCT YYUTHIBATH MIPU aHATH3C
HUPKYISIIH aTMOC(EPBI CHCTEMBI ITIAHETHI 3EMIIS.

3axuouenne. B CepepHoMm momymapuu GOpMUPOBAHUE OIIOKHPYIOIIUX MPOLECCOB 00BIYHO HAYUHACTCS
C apKTHYCCKOTO BTOPXKCHUS, TPOHUKAFOIIETO Ha 0T 0 COCTUHCHUS ¢ CYOTPOITUYCCKAM aHTUIIMKIIOHOM.

B HOxHOM nonymapuu, Kak mpaBuiio, pa3BUTHE OJIOKUPYIOIIETO MPOoIecca OCYIICCTRISICTCS BBITSTHBA-
HHUEM TPeOHs CyOTPOIMYCCKOrO aHTHIMKIOHA K TOJIOCY U MOCIICAYIOININM COCIUHCHUEM €r0 C aHTapKTUYe-
CKHUM aQHTHUIIMKIOHOM.

Jumepamypa:

1. [I3eposeesckuii b.J1. Cpasnenue enasHeiuiux 3aKOHOMePHOCMel YUPKYIAYUYU ammocepvl Hao
Ceseproim u FOxcuvim nomywapusimu. // Ungopmayuonnwiil oroniemens Cogemcroi Anmapkmuyeckou
axcneduyuu, 1967, Ne 65, ¢.58-68.

2. B.JL J[zeposeescruil. Uzopannsie mpyowt. HM30. «Haykay, 1975, c. 149-158.

3. Konebanus yupkynayuu ammocepol 6 XX - nauane XXI sexa. [Dnekmponnviii pecypc]. Pesicum
docmyna http: // www.atmospheric-circulation.ru.

Differences in the formation of blocking processes
in the Northern and Southern Hemispheres

'Kononova N.K., ‘Morozova S.V.

" Institute of Geography RAS, Moscow, Russia
? Department of Climatology, Faculty of Geography, Saratov State University, Saratov, Russia
E-mail: NinaKononova@yandex.ru, swetwl@yandex.ru

INTRODUCTION

The study of blocking is of great scientific and practical interest. These are large-scale stable processes in
the atmosphere. They cause weather and climate abnormalities. The study of these phenomena is important for
monitoring the current climate, modeling atmospheric processes, medium-term and long-term weather
forecasts.

The study of blocking is carried out: climatic methods, synoptic methods and hydrodynamic methods.

A climatic study of blockings has established areas of increased and decreased their frequency of
occurrence. The seasonal distribution of blockings is described. The maximum frequency of blocking in the
northern hemisphere is observed in the eastern Atlantic, Europe, and the eastern Pacific [3]. The maximum
frequency of blocking in the East Atlantic and Europe is observed in winter. The maximum frequency of
blocking over the east of the Pacific Ocean is observed in summer [2].

The main reason for the formation of blocking anticyclones is considered to be nonlinear instability of Rossby
waves with intensive energy exchange both with planetary waves and with synoptic vortices (breaking) [9].

As is known, the nonlinear phase of instability development is characterized by an intense interaction of a
growing wave with movements of other scales. Depending on the energy reserves that can be transmitted to the
growing wave, its non-linear development can lead to the establishment of one of the following non-linear
modes [10]:

1. Stationary mode. Crests and hollows are formed in the stream, the axes of which are oriented
meridionally or at an angle to the meridian; they persist for a long time without changing the amplitude, shape
and wavelength.

2. The mode of "flicker" or pulsation: it is also a regular mode, but the crests and hollows experience slow
periodic changes: these are either changes in the amplitude of the waves, or changes in their orientation, or,
finally, a change in the wave number.

3. Irregular mode type of turbulence.

Blocking is a first or second mode for an unstable Rossby type wave.

The synoptic approach to the study of blocking anticyclones showed that for the anticyclone (blocking) to
stay, it is necessary to combine the increase in the amplitude of the planetary tall frontal zone (PTFZ) with the
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anticyclone of arctic origin entering the region of maximum. The formation of a blocking anticyclone over
Eastern Europe is classified as a form of E - circulation to Wangenheim — Girs. It is in this form of circulation
that the most abnormal weather conditions are most often established [7].

Blocking is formed when anticyclones from the Arctic move to the continent. The displacement to the east
(on the continent) of anticyclones from tropical regions does not lead to blocking. This conclusion is confirmed
by studies of synoptic processes in the Middle and Lower Volga regions. [8]. Subtropical anticyclones form
blocks over the ocean. An example of this is the movement of the Azores anticyclone to the north over the
Atlantic Ocean from the subtropics in January 2012 [1].

On the eastern and northeastern periphery of this high-altitude anticyclone, very cold air entered the
European part of Russia. At the same time, average daily temperatures decreased by 10 - 15 ° C compared to
the perennial average.

In this work, using the synoptic approach, the task is to consider the mechanisms of blocking formation in
the southern hemisphere and to identify the features of the establishment of blocking regimes in the northern
and southern hemispheres.

MATERIALS AND METHODS

For the analysis, weather maps of the Hydrometeorological Center of the Russian Federation for the
Northern and Southern Hemispheres were used. According to the Calendar of sequential change of elementary
circulation mechanisms (ECM) [6], ECMs were selected with one, two, three, and four blocking processes and
their development was considered during the ECM action.

RESULTS

B.L. Dzerdzeevskiy [4,5] found that blocking processes develop simultaneously in the Northern and
Southern hemispheres at about the same longitude. When this occurs, the connection of the Arctic / Antarctic
anticyclone with subtropical. For the Northern Hemisphere, the mechanism of combining the arctic and
subtropical anticyclones is known and consists in the movement of arctic anticyclones with the southern (more
often - southeast) component, resulting in the replenishment of the subtropical high-pressure zone with fresh
arctic cores. This, in turn, contributes to maintaining high pressure in the tropics.

In the study of circulation mechanisms in the southern hemisphere, it was found that the process of
merging the Antarctic and subtropical anticyclones occurs in a completely different way than in the Northern
hemisphere. The main difference is that if in the Northern Hemisphere, as a rule, the crest of the Arctic
anticyclone spreads to low latitudes, then in the Southern Hemisphere the crest of the subtropical anticyclone
stretches to high latitudes, towards Antarctica.

P e e e g .5 2\ As an example (Figure 1)
LA e T WO T o i shows the ECM 12a weather map
’;"’ R ;}-m H ; 1

"1‘23{:_:1 _ with four blocking processes:
over the Atlantic, the Pacific
Ocean, Eastern Siberia and
America. In the Northern
Hemisphere over the Atlantic, an
Arctic invasion occurs in the rear
of a series of southern cyclones,
over the Pacific Ocean - in the
rear of the Aleutian cyclone, in
Alaska - in the rear of the cyclone
over America and in Eastern
Siberia - in the rear of the Far
Eastern cyclonic system. In all
cases, in the rear of cyclones, air
flows from north to south.

In the Southern Hemisphere
(Fig. 2) in the Atlantic, in the rear
of the cyclone off the eastern
shores of America, air flows from
north to south, i.e., it flows from

o MR R W )

- Sl T e % ;

KAPTA MOrofbI [*= ~ 1|~ ==~ e e

01aBrycta2005 | = = T ..~/ Figure. 1. Weather map for August 1,
W USELT e TR % thee 1o 2005, ECM 12a, Northern Hemisphere.
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subtropics to Antarctica. Therefore, the blocking process in the rear of this cyclone is developed by pulling the
crest of a subtropical anticyclone to Antarctica, over which there is no Antarctic anticyclone at this time. In the
Pacific Ocean, in the rear of the cyclone with the center north of Molodezhnaya station, is located the crest of a
subtropical anticyclone, ending with a small independent core in the region of the polar circle between Vostok
and Amundsen-Scott stations. The third anticyclone is formed in the rear of the cyclone, located south of
Australia off the coast of Antarctica. The fourth stretches from South America to Amundsen-Scott station.

. fizz4 10

VAN e

- TIR=Ee

Figure 2. Weather map for August 1, 2005, ECM 12a, Southern Hemisphere.

The nature of changes in air temperature in the Northern and Southern Hemispheres during the formation
of blocking processes in the rear of the cyclone is also different. If in the Northern hemisphere during the Arctic
invasion the cooling spreads from north to south, in the Southern hemisphere with the beginning of pulling out
the crest of a subtropical anticyclone from north to south, warm air is pumped into the rear of the cyclone.
These features should be considered when analyzing the circulation of the atmosphere of the planet Earth
system.

It is possible that such a difference is due to the fact that the Antarctic anticyclone is much more intensive
and larger in area than the Arctic one, and forces subtropical anticyclones to creep in the direction of the area
occupied by it.

CONCLUSION

In the Northern Hemisphere, the formation of blocking processes usually begins with an arctic invasion,
penetrating southward to combining with a subtropical anticyclone.

In the southern hemisphere, as a rule, the development of the blocking process is carried out by pulling the
crest of a subtropical anticyclone to the pole and then connecting it with the antarctic anticyclone.
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Calculation of parameters of gravity flows
with a finite-element model of atmospheric dynamics

Yudin M.S.

Institute of Computational Mathematics and Mathematical Geophysics SB RAS, Novosibirsk, Russia
E-mail: yudin@ommfao.sscc.ru

characteristics of motion of gravity flows, for example, front speed and surface pressure past orograph-
ic obstacles of various shapes and steepness. In this paper, the front speed is simulated with a non-hy-
drostatic finite-element model of atmospheric dynamics. The model is based on the compressible Navier-Stokes
equations in two dimensions. Artificial compressibility is introduced into the model in order to make the gov-
erning equations hyperbolic. A test of the model on the meso-spatial scale is performed: the propagation of a
meso-scale atmospheric gravity current (cold front) over flat terrain. In this test the calculated values of the
simulation are compared with an empirical formula first introduced by T. von Karman and later developed for
atmospheric fronts in multiple papers. The model simulation results are compared with available observations
and simulations performed by other authors. In general, good agreement between the results of the test calcula-
tions and the theory has been obtained. The well-observed phenomenon of striking difference in the behavior of
the surface pressure in front propagation under stable and neutral versions of atmospheric stratification is also
discussed.
This work was supported by the Russian Foundation for Basic Research under grant 17-01-00137 (as part
of work on gravity flows simulation), and ICMMG SB RAS under target program 0315-2016-0004 (as regards
the development of the numerical algorithms).

ﬁ numerical mathematical model of a compressible atmosphere is employed to calculate the important

PacueT napaMeTpoB rpaBuUTaLMOHHbLIX Te4eHUn B aTMocdepe
C MOMOLLIbIO MOE/IN KOHEYHbIX 3/1EMEHTOB

0aun M.C.
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BBEOEHWE

B nacrosimieit pabore armochepHble GPOHTH MOICIUPYIOTCSI HETHAPOCTAaTHUECKOH KOHEUHO-JIEMEHTHOM
MOJIEJIBIO TMHAMHKH aTMOC(EpbI, KOTOpast TPUMEHSIETCS [UIsl pacueTa CKOPOCTH PaclpoCTpaHEeHNUs T'paBUTalN-
OHHBIX TEYEHUH B aTMocdepe. ATMOC(EepHbIE SIBIEHUs, UMEIoIIre OO0JbIIOE TEOPETHIECKOE U TPAKTHYECKOE
3HAYCHHUE, MPEACTABISIOT CO00I X0osoaHbIe aTMOc(epHbIe (PPOHTHI, KOTOPHIE PACIPOCTPAHSIOTCS BOINU3U HO-
BEPXHOCTHU C BBICOKMMHU CKOPOCTSIMU (cM. [1] u1st 0630pa). DTH MOTOKHM MOTYT OBITH 3aMeJUICHBI ¥ N3MEHEHBI
1o (opMe 1oJ] BO3/ICHCTBIEM IOJCTIIIAIONICH MOBEPXHOCTH M cTparhdukanun arMocdepsl. AtMochepHbIe
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