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NccnenoBaHue CTPYMHBIX TEYEHUN U «CKNAL0K»
Tpononay3bl B panoHe 3anagHon Cnbmpu no gaHHbIM
ECMWF ERA-Interim

'AHToxuHa 0.10., 'AHToxuH MN.H., 'Benan B.[., *Kouetkosa 0. C.

" MucTutyT onTukm atMocgepbl uM. B.E. 3yesa CO PAH, Tomck, Poccus
? MHcTUTYT conHeyHo-3eMHol dusnkm CO PAH, UpkyTck, Poccua
E-mail: olgayumarchenko@gmail.com

BBEOEHWE

OnmHMM M3 MCTOYHUKOB 030HA B Tpomnocgepe sBisiercs: crpatocdepHblii 030H. Hecmorpst Ha To, 4TO B
HIDKHEH Tponocgepe KOIUIecTBO 030HA, MOCTYIAOLIEr0 U3 CTpaToc(epsl, ropa3o MEHbIIIE KOJIMYEeCTBa 030-
Ha, 00pa3ylolierocs B pe3ysprare (OTOXUMUYECKUX PEaKIi, HCcileloBaHue TporochepHo-cTpaTtochepHoro
obmena (CTO) HeoOX0AMMO € TOUKH 3pEHHS KIIMMATOJIOTMH U KOHTPOJIS OOIIEro cosiepKaHust 030Ha B TPOIIOC-
depe [1]. Jomunupyromiei u Hanbomnee r3¢pdexTrBHOI popmoit CTO BO BHETPOMUYECKUX MMUPOTAX SIBIACTCS
IIPOHMKHOBEHHE 030Ha B HIDKHHE CJIOM B CKJIAJIKaX TPOIOIAy3bl B palloHe OapOKIMHHBIX 30H CTPYHHBIX Teue-
HUi [2]. B HECXOpsIIElt 00nacTu CTPYHHBIX TEUSHUH 3a CUeT HHTPY3UH BO31lyXa, 00J1aaloIIero BEICOKOH 1o-
TEHIUAILHOM 3aBUXPEHHOCTBIO, TPOIIONay3a JeopMHUpyeTcs, 00pa3yro BEITSHYTYIO B HIDKHHE CIIOU TPOIIOC-
(epsl CKIIaIKy B BUJE CTPUMEpa MM BOPOHKH. Vcronb3oBaHNE B KauecTBE MHIMKATOpa IPAaHMIBI paszesa
MeXay cTparocdepoii u Tporochepoil MOTeHINAIFHOTO BUXPsl DPTEIs MO3BOJISIET HAIVISITHO MIPOCIEIUTD [Ty~
OuHYy MHTpY3HHU cTparocdepHoro Bo3nyxa [3,4].

HccnenoBanuio nmponecca o0pa3zoBanus ckia ok Tpononaysbl (CT), uX cBsI3U cO CTPYHHBIMU TEUCHUSIMH,
a TaKKe KOJMYECTBOM TPOINOC(EPHOro 030HA, MOCBSIIICHO OOJbIIOE KOJMMUECTBO padort, Hanpumep [1,2,3].
Oco0s1ii uHTEpec npeactaisiioT nponeccsl CTO, B yacTHOCTH BIMSHUE HHTPY3UH CTpatoc(epHOro Bo3mayxa
Ha (hOpMHUpPOBaHKE TPONOC(HEPHOTro 030HA, B 3aaJHOCHOMPCKOM PETHOHE B paliOHaX MOHUTOPUHTa BapHalnii
TponocgepHoro o3oHa. B pasHoe Bpems 1Mo00HBIE UCCIIEAOBAHUS B 3TOM PETHOHE Y)K€ IPUBOIMINCE. bpiio
MI0Ka3aHo, HapuUMep, 4To HaJ 3anaqHoii CHOMPHIO B 00JIaCTH CTPYHHBIX TEUEHHH TPOMCXOANT Iiepepacpesie-
JICHUE 030Ha, 00BSICHIEMOE CYIIECTBOBAHUEM BOKPYT CTPYHHBIX TEUSHUI CUCTEM KOJIBIEBBIX TOKOB [5]. B [6]
Ha OCHOBE JIMJIapHBIX POGHIIeH aHAIN3NPOBAIHNCH OTAEIBHBIE CIydaH CTpaTrocepHbIX MHTPY3uH 030Ha. On-
HOH 13 npobnem uccnenoBanust CTO B pernoHe 3a AMUTENBHBIA NEPHON SIBISIETCS pa3paboTka METO/OB 1uar-
HOCTHKH M aHaym3a oraeibHbIX coObituii CT. Llenblo gaHHOTO MCCIIenoBaHUs SBISAETCS aHAJIU3 OTAEIBHBIX
cobbiTuii CT Ha OCHOBe JaHHBIX O MOTEeHIMANBHOHN 3aBuxpeHHocTH (I13), a TakKe M3ydeHHe HX CBS3H CO
CTPYHHBIMHU TE€UCHUSIMH B palioHe 3amnagHoi Cudupwu.

Jannble 1 MeToauKa. B kayecTBe MCXONHBIX AaHHBIX UCHOJb30Banuch AaHHble apxuBa ECMWEF ERA-
Interim [7]. st aHanu3a nedopmariuii Tporomnayss! ObIIIM HOCTPOEHBI pacTpeieIeHus! TOTeHIUAIbHOTO BUX-
ps Ha ypoBHsx ot 1000 rlla no 1 rlla3a 0, 6, 12 u 18 yacos mo ['punBnuy c 1 stHBaps no 31 nexadps 2012 1.
BJI0JIb Mepunana 85° B.J. ¢ JUCKpeTHOCThI0 5° 0T 50° 10 85° c.u1. Ha kapThl HAHOCHJIMCH U30JIMHUY OTEHIH-
anbpHOM 3aBUXpeHHOCTH B fuana3one 1-4 PVU. Cornacho [4] 1 PVU cootBeTcTBYeT BepxHei rpaHuUlle TPOIoC-
(deproro Bo3myxa, 2 PVU — mpuMepHO COOTBETCTBYET 030HOIAy3e, MOBEpXHOCTh 3-4 PVU — Tepmuueckoit
Tpononayse. Ha ocHOBaHMM aHanm3a AuarpaMm ObUTH BBIOpaHBI COOBITHS, BO BPEMsI KOTOPBIX W30JIMHUH JI0-
cruramu 500 rlla. 3arem Ha qUarpaMMsl, TOCTPOCHHBIE JUIsl BHIOPAHHBIX /1aT, HAHOCWJINCH PACIpe/eNIeHUs T0-
PH30HTAIBHON KOMIIOHEHTHI OJISI CKOPOCTH BhImIe 20 M/c. DTO MO3BOJISUIO OLIEHUBATH CBSI3b MEXKLy BapHaLHs-
MU HOTEHLIUAIBHON 3aBUXPEHHOCTU U CTPYHHBIMU TedeHUsIMU. KpoMe TOro o CHHONTUYECKUM KapTaM aHa-
JIM3UPOBAJIOCH MOJIOKEHNE (PPOHTAIBHBIX Pa3/IeNioB M BEICOTHOH (poHTaNIbHOI 30HEI (BD3).

PE3YJIbTATHI

B pa6ote npoananusuposaHo nopsiaka 30-u codbituii. Muorna codsitis CTO npoucxonuiu cpasy B He-
CKOJIBKUX LIIUPOTaX, B 3TOM CJIy4ae OHU aHAJIM3UPOBAIUCH KaK pazHble coObITHs. HezaBucumo ot Toro HabImo-
nanock i coobiTie CTO Bce YeThipe CpoKa, WK XKe TOJIBKO 33 OJIMH, OHO CYMTATIOCh OAHUM CoObITHEeM. Eciu
nehopManus TPOIONAy3bl COXPAHSIACh HAa MPOTSKCHUU HECKOJIBKUX JHEH, U3 HUX BBIOMpAJICS JICHb C HaW-
Oonpieit gedopmariuei.

Buytpuronosas nuzmenuuBocTs I13 He Ha Bcex UCCIeAyeMbIX HIIMPOTaX JEMOHCTPUPYET OTUETIUBBIN ce-
30HHBIN XOI BBICOTBI TPOIIOIIAY3hbI. Haﬂ6onee SAPKO BBIPAKECHHBIC U3MCHCHUSA BBICOTHI TPOIIOIAY3bl OT 3UMbI K
nety HaburonatoTest B 30He 50°-65° c.11., B 60j1ee BRICOKUX IIUPOTaX CE30HHBIN X0/ HE CTOJb 3aMETEH. DTa e
3aKOHOMEPHOCTB IIPOSIBIISIETCS M B 4aCTOTe OPMHUPOBAHUS CKIIAJ0K TPOIIONAy3bl B pa3iIMuHbIe Ce30HbI. B 30He
50-65° c.u1. co6brTust CT IPOUCXOMUITH B OCHOBHOM B 3UMHE-BECEHHUIT mepron, a B odmactu 70-85° c.ur. — B
BeceHHe-JeTHUI. OCOOCHHO 3aMETHBI ATH 0COOEHHOCTH is moBepxHOCcTH 1 PVU. BepositHo, 3Ta 3aK0HOMED-
HOCTB O0YCJIOBJICHA CE30HHBIM cMelieHneM BD3 [4].
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Crnemyer 3aMEeTHTB, 9TO CTpaTochepHO-TponocepHbIii 0OMEH B pailOHaX CyOTPONMIYECKOTO H MOJISPHO-
(pOHTOBOTO CTPYHHBIX TeUEHHUH pa3nndeH. bonee rIyOokue HHTPY3UN CTPATOCHEPHOTO BO3AyXa MPOUCXOTUT
B paiione mossipHOTO (hpoHTA [2], IMEHHO 3TH COOBITHS MHTEPECOBAIN HAC B IIEPBYI0 odepens. Ha puc. 1 moka-
3aHbl HekoTopble TunuHbie ciaydan CT B pasHbIX MHUPOTHEIX 30HaX. K rory ot 50° c.mr. co6brtust CT yare
CBSI3aHBI C CyOTPONTMUECKUM CTPYHHBIM TeueHneM, ceBepHee CT okazanuch CBSI3aHbI THOO C TOISIPHBIM (ppoH-
TOM, TNOO NMEII0 MECTO «CONMKEHHEe» ABYyX CTPpyWHBIX TeueHHHA. AHann3 CT Ha pa3muYHBIX MIMPOTaX MOKa-
3aj1, 9TO MPU CMEIEHUH K CeBepy IIyOMHA MHTPY3HH yBennuuBaeTcs. OXHON M3 MPUYIHMH 3TOH 3aKOHOMEPHO-
CTH MOXXET OBITH HE BITOJIHE KOPPEKTHAs Mporienypa «paspe3a» 30861 CTO u cTpyitHbix Teuennit. Ananus BO3
B iepuox coobrruii CT mokasait, 9To ocu aTMOC(hepHBIX JOKOHMH, K IIMKIIOHWTIECKOH 9aCTH KOTOPBIX IPUypode-
Hbl coObITHst CT, 3a9acTyi0 CHIIBHO OTKJIOHEHBI OT MEPHIHOHAIBHOTO HANpPABICHUs. DTO XOPOIIO BHIHO Ha
pHc. 2, Ha KOTOpPBIX HaHeceHbI n3oauHNK nosepxHocTH 500 rlla B pasHble neproasl BpeMeHH. B ceBepHBIX
paloHaX 3TH OTKIOHEHUS OKa3aJIHCh HE OUEHb OONBIINMH, TO3TOMY (hOpMa CKIIaJ0K TPOIIOTay3bl OblIa UCKa-
JKEHa B MEHBILIEH CTETIEHU, YeM B F0XKHBIX pallOHaX.

B nmenowm, xapakrepuctuku CT u cTpyiHBIX TeueHui B paiionax CTO coBmamaioT ¢ ONMMCAaHHBIME paHee
[2,4]. 3a paccmarpuBaeMblii meprof mpakTHdeckd Bce coObitnss CT oKaszaimuch MpHypO4YeHBI K OOJIacTsIM
HUCXOAAIINX IBIKEHUI BONMU3M cTpyitHbIx Teuennii. Bece CT, cBs3aHHBIE ¢ TOTIPHOGPOHTOBBIM CTPYHHBIM
TEUEHMSIM, BO BCE CE30HBI rojia OBUIM JIOKAJIM30BaHBI B 00MacTsaX TpomocdepHbIx JoxOmH. Hambombiiee
xonaecTBO coObITHii CT oTMEUeHO B IEpHO]] ¢ ampetst o Maw.

B 3akir04eHMHM OTMETHM, YTO HCIIOJIB30BAHUE JAHHBIX O MOTEHIMAIBHON 3aBUXPEHHOCTH, a TAKXKe
CHHONTHYECKUX KapT, MO3BOIACT MOIy4aTh HCUEPINBIBAIOIINE CBEICHHS OTHOCHTENbHO coObrthii CT. s
Oonee peTanbHOTO aHAMU3 TITyOHMHBI HHTPY3uHN B 001actu CT HeoOX0ANMO yUUTHIBaTh OTKIOHEHHUE CTPYHHBIX
TEUEHUH OT 30HAJIIFHOTO HANpaBICHUSA. XapaKTepUCTHKH HccaeqoBaHHBIX 3a 2012 rox cobsrtrii CT xopormno
COINIACYIOTCS C JaHHBIMH MOTyY€HHBIMHU Pa3HBIMHU aBTOPAMHU.
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Puc. 1. Cobbitna CT. DoHOM NoKa3aHo pacnpefeneHne ropu3oHTanbHON KOMMOHEHTbI NOJIA CKOPOCTH, U30IMHUM — NOTEH-
UmanbHan 3aBuxpeHHocTb oT 1 o 4 PVU. YBenuueHue noTeHLManbHoii 3aBUXPEHHOCTU B HUMHel aTMocdepe B 06acTy ~
30-50° .Lu. COOTBETCTBYET FrOpHBLIM CUCTEMAaM B UCCIIEAYEMOM JONTOTHOW 0bnacTy
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Puc. 2. MonoeHne BO3 (AT 500). a — 9 Masa 2012, 6 — 12 pekabpa 2012 (cnyyai coONMMKEHNA CTPYMHBIX TEYEHUIA); B — 25
depans 2012 (CT pasHor rnybuHbl HabnopaloLLMecs 0TAENLHO B palioHe Cy6TPONMYeCKoro U NonApHOGPOHTOBOrO CTPYM-
HbIX TeveHun); r— 11 niona 2012 (CT B ceBepHbIX LUMPOTaX B paioHe NONAPHOPPOHTOBOIO CTPYMHOIO TeYEHUA)

COAEPXAHME »

ENVIROMIS'2014

(2]
=
[}
[
[
>
(]
=
=
[
<<
=
o
o
ke
=
(=]
—
<t
(L]
=
'
Ll
(=]
(=]
=
(2]
=
=
[
<<
=
o
L
(2]
o
(=]
]
<<
[
—
L
=
=
(=]
=
—
—
L
—
(=]
L
(=]
—
Ll
o
L
ke
—
(=]
(]
]
<<
=
=
—-
=1
—
o
L
=
=

SESSION 2



ENVIROMIS'2014

(7]
=
T}
—_
wn
>=
(7]
=
=
ey
<<
=
-3
(=]
[
=
(=]
—
<T
(1]
=
ur
L
(=]
(=]
=
(7]
—
(=}
e
<<
=
o
L
(7]
[=-]
o
-
<<
-
—
L
=
=
(=]
e
=
—
L
—
o
1T}
[X]
—
L
o
L
(.
—
[=]
(-]
-
<<
=
(=]
e
=T
—
o
[N
[
=

SESSION 2

Jumepamypa:

1. Hocking WK., et. al. Detection of stratospheric ozone intrusions by windprofiler radars // Nature
(Gr. Brit.). 2007. V. 250. P. 281-284.

2. Moxanoxymap J]. Bzaumooeticmsue cmpamocgepot u mponocepuvt / Mockea, @usmamaum, 2011

3. Hlaxuna H. I1., Bopucosa B.B. Onvim ucnonsb306anus nomenyuaibHo20 UXpPs OJisi pAciema 6blCombl
mpononaysut // Memeoponozaus u cuoponozus, 1992, Ne9, c. 57-65

4. Hsanosa A. P. Jlunamuxa snemponuueckoii mpononaysvt Ceseproeo nonywapusi // Asmopegh. na
couckanue yy. cmenetu 0.¢p.-m.H., Mockea, 2011

5. Benan B.J[. Brusinue cmpyuiHblx meueHuti Ha u3MeHeHue 030Ha 8 ux 301e // Ammocghephoiii 030m. JI.:
Tuopomemeouszoam, 1987. C. 270-274.

6. 3yes B.B., Bypnaxos B.J]., Horeuti C.U., Heg30opos A.B., Envrukos A.B. Habniooenue npopviea
CMPAamochepHuIx 8030YUHBIX MACC 8 BEPXHION MPONOcghepy No TUOAPHBIM USMEPEHUAM 030HA. //
Onmuxa ammocgeput u oxeana. 2008. T. 21. Ne 07. C. 593-599.

7. Dee D. P et. al. The ERA-Interim reanalysis: configuration and performance of the data assimilation
system // Quarterly Journal of the Royal Meteorological Society. 2011. Vol. 137. Ne 656. P. 553-597

Numerical modeling of polar lows using WRF model
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? Lomonosov Moscow State University, Research Computing Center, Moscow, Russia
E-mail: aves.indemicas@gmail.com

weather forecast in this region. The most jeopardizing weather phenomenon for oil production and ship-
ping there are the polar lows, intensive mesoscale cyclones, appearing above the sea surface, usually be-
hind the arctic front. [1]

Given that polar lows form over the sea, and surface observations on buoys or weather observing ships are
sporadic there, the observational data for studying these vortices mostly come from satellites and targeted air-
craft soundings. Unfortunately, these data have neither enough spatial and temporal resolution, nor provide
complete set of meteorological variables, needed for thorough study of their dynamics and underlying physical
mechanisms. Therefore, numerical simulations with mesoscale atmospheric models is a good alternative to in-
vestigate polar low phenomenon, because they produce temporally and spatially regular-spaced fields of atmo-
spheric variables with high resolution. This facilitates visualization and analysis of polar lows' dynamics and
structure.

This investigation is aimed at evaluation of the role of various mechanisms in the dynamics of a particular
real case of polar low development by mesoscale numerical simulations.

We study a unique case of simultaneous development of three differently—typed polar lows over Norwe-
gian and Barents seas at 29" — 31" March, 2013. As a mesoscale model we used WRF ARW [4] (Weather Re-
search and Forecasting model with ARW dynamical core), version 3.5.1, which was installed on supercomputer
“Lomonosov” of Moscow State University [2]. For initial conditions the reanalysis data of ERA-Interim pro-
vided by European Centre for Medium-Range Weather Forecasts, was utilized. Four numerical experiments
were performed. The reference numerical experiment was set up with the following physical parameteriza-
tions: CAM for both longwave and shortwave radiation interactions, Monin-Obukhov for surface layer scheme,
Noah for the land model, Mellor-Yamada-Janjic scheme for the planetary boundary layer turbulence. Grell-
Devenyi scheme of shallow convection was used and microphysical processes were simulated by Lin scheme.

Other three experiments differed from the reference one by changing only one of parameterizations: God-
dard parameterization for microphysics, microphysical parameterization switched off, convection adjustment
switched off. All experiments were run with 10 km resolution.

Modeled fields were compared with satellite observations from MODIS [3] (cloud fields) and AMSR-2
(surface wind, integrated atmospheric water vapor) instruments. Model fields occurred to be adequate in cap-
turing general spatial patterns of meteorological variables and basic circulation features. Fields from experi-
ment with Goddard microphysical parameterization demonstrate the best correspondence with observational
data.

Sensitivity tests show that neglecting phase transition of water in the model does not affect the vortex
structure, but it is notable for water vapor, cloud and vorticity fields.

Three types of polar lows were distinguishable in our case study — two convective and one baroclinic vor-
tex. It was shown that their dynamics is mostly determined by conditions of genesis. In particular, the dynamics

Increased interest in natural resources extraction on the Arctic shelf causes the necessity of high-quality
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