BeChbMa 0CJIA0JIEHHOM COCTOSIHUHM, CYIIIECTBEHHO M3MEHH TPAEKTOPHUIO, @ CKOPOCTh BETPa B HEM HE TPEBbIIIAIA
20 m/c.
TakoKke POBOAMIUCH IKCIIEPUMEHTHI, B KOTOPBIX BAPHUPOBAIACH TEMIIEPATYPA TOBEPXHOCTH MOPSL.

Jlumepamypa:

1. Mikhail A. Nikitin, Mikhail M. Chumakov. Case study of polar lows in Barents and Kara Seas during
2014. Proceedings of the 23rd International Conference on Port and Ocean Engineering under Artic
Conditions, 14-18 June 2015, Trondheim, Norway / Edited by Ekaterina Kim, Wenjun Lu & Kent V.
Hoyland. — Norwegian University of Science and Technology, 2015.

2. Huxumun M.A., Pusun I'C., Posunxuna U.A., Yymaxose M.M.. Hoenmughuxayus nonspHoix
YUKIOHO8 HAO akeamopuell Kapckozo Mopsi ¢ HOMOWbIO 2UOPOOUHAMULECKO20 MOOECTUPOBAHUS /
Becmu eazosoti nayku, 2015, Ne2, c. 106-112.

3. Huxumun M.A., Pueun I'C., Pozunxuna U.A., Yymaxoe M.M. Hcnonvzosanue npoecnocmuyeckoul
cucmemvt COSMO-Ru 011 uccnedosanus c80UCME NOIAPHBIX YUKIOHOS: 3nu300 25-27 mapma 2014
2o00a / Tpyoer I'uopomemyenmpa Poccuu, 2016, vin. 361.

4. Pusun I'C., Posunxuna U.A., Bunvgpano P. M., Angpepos /1. IO., Acmaxoeéa E. /[., bnunos /. B., Byn-
denv A. 10., Kasakosa E. B., Kupcanos A. A., Hukumun M. A., Ilepos B. JI., Cyproea I B., Pesoka-
moea A. I1., lllamynoea M. B., Yymaxoe M. M. Cucmema COSMO-Ru necuopocmamuueckoeo me3o-
MacwmadHo20 KpamkocpouHo20 npocHo3a no2odvl 1 uopomemyenmpa Poccuu: emopoii sman pea-
auzayuu u pazeumust // Memeoponoeusi u euoponozeus, 2015, Ne 6, ¢.58-70.

Mesoscale atmospheric modeling technology as a tool
for the long-term meteorological dataset development

"Platonov V., ' Kislov A., * Rivin G., * Varentsov M., > Rozinkina I., > Ninkitin M., * Chumakov M.

' Lomonosov Moscow State University, Moscow, Russia

2 Hydrometcentre of Russia, Moscow, Russia

* A.M.Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
“ Gazprom VNIIGAZ LLC, Russia

E-mail: vplatonov86@gmail.com

2014) was performed for the Okhotsk Sea and the Sakhalin island regions. The regional non-hydrostatic

atmospheric model COSMO-CLM used for this long-term simulation with ~13.2, ~6.6 and ~2.2 km
horizontal resolutions. The main objective of creation this dataset was the outlook of the investigation of statis-
tical characteristics and the physical mechanisms of extreme weather events (primarily, wind speed extremes)
formation on the small spatio-temporal scales. The detailed meteorological information is also important since
it allows to take into account sea and islands coast configuration, mountain systems and other mesoscale fea-
tures of surface terrain. This work suggests and describes the downscaling technology for the long-term simu-
lations using three consequent “nesting domain”, shows the results of obtained archive verification, as well as
extreme wind velocities estimation.

The COSMO-CLM model (v. 5.0) used as main tool for creation of this long-term meteorological archive.
COSMO-CLM is the climate version of the well-known mesoscale COSMO model, including some modifica-
tions and extensions adapting to the long-term numerical experiments. The downscaling technique was realized
and developed for the long-term simulations with three consequent nesting domains and standard configuration
of COSMO-CLM model. ERA-Interim reanalysis (~0.750 degrees resolution) used as global forcing data for
the starting domain (~13.2 km horizontal resolution), then these simulation data used as initial and boundary
conditions for the next model runs over the domain with ~6.6 km resolution, and similarly, for the next step to
~2.2 km domain. Besides, the COSMO-CLM model configuration for ~13.2 km run included the ‘spectral
nudging’ technique, i.e. an additional assimilation of reanalysis data not only at boundaries, but also inside the
whole domain. Figure 1 and Table 1 shows the boundaries and main characteristics of used domains. Practi-
cally, this computational scheme realized on the SGI Altix 4700 supercomputer system in the Main Computer
Center of Roshydromet and used ~2,400 hours of CPU time total. More than 20 meteorological fields were ob-
tained finally over these three domains with 1-hour temporal resolution throughout 30 years.

According to modelling results, the verification of the obtained dataset was performed on the observation
data, obtained from “Hydrometcenter database” and www.rp5.ru archive. Estimations for the whole period, all

The detailed hydrodynamic modelling of meteorological parameters during the last 30 years (1985 —
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domains and different seasons showed the mean error -0.5 °C, up to 2 — 3 °C RMSE in temperature (error maxi-
ma was during spring and autumn), and overestimation of inland wind speed (RMSE is up to 2 m/s). It’s note-
worthy that wind gusts were reproduced by model notably good (ME was up to 1 m/s, RMSE was 2 — 3.5 m/s,
correlation coefficients were 0,8 and more), despite to a fairly simple algorithm [5]. Overall, analysis showed
that the used downscaling technique with applying the COSMO-CLM model reproduced the meteorological
conditions, spatial distribution, seasonal and synoptic variability of temperature and extreme wind speed for
the study area with approximately the same adequate quality. The dependencies between reproduction quality
of mesoscale atmospheric circulation features and the horizontal resolution of the model were revealed. In
particular, it was shown that ~6.6 km resolution does not give any significant improvement comparing to ~13
km resolution, whereas ~2.2 km resolution provides an appreciable quality enhancement.

Detailed synoptic analysis of extreme wind speed situations identified the two main types of favorable to
their genesis. The first one (more frequent) was associated with developing of cyclones over the Japan Islands
or the Primorsky Kray of Russia, the subsequent moving the Sakhalin Island, crossing it and coming in the
Okhotsk Sea. The second one characterized by penetration of intensified cyclones from Pacific Ocean through
the Kamchatka peninsula, Kuril or Japan Islands. Next, the deepening cyclones crossed the Okhotsk Sea and
got close to the Sakhalin Island, causing extreme winds offshore.

The obtained high-resolution dataset will continue to be used for a fully and comprehensive analysis of
physical mechanisms of extreme weather events, the reproduction quality of hydrometeorological fields, their
statistical estimates, climatological trends, using this information for the detailed environment state assessment
and many other objectives.
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nepsble B Poccuiickoit @eaepanuy BBITOIHEHO THAPOJMHAMUYECKOE MOIEIUPOBAHHE 1€TAIN3UPOBaH-

HBIX TI0JICH METEOPOJIOTHYECKHX 3IeMEHTOB 3a rocienaue 30 siet (Juist pernona o. CaxalliH U aKBaTo-

pur OXOTCKOTO MOpsI) C TIOMOIIbI0O PETHOHAIBHOM ME30MaclITa0HOW HETHAPOCTaTHYECKOW MOJEIN
armocdepsr (COSMO-CLM) ¢ npocTpaHcTBeHHBIM pa3pemierneM ~13, ~6 u ~2 kM. OCHOBHOH 11eJ1b10 cO3/1a-
HUSI apXMBa SIBUJIACH MEPCIIEKTHBA UCCIIEIOBAHNS CTATUCTUYECKUX XapaKTEPUCTHK M (PU3MUECKUX MEXaHU3-
MOB (pOPMHPOBaHUS IKCTPEMAIILHBIX COOBITHII (B IEPBYIO 0O4Yepe/lb, CKOPOCTEH BeTpa) Ha MPOCTPAHCTBEHHO-
BPEMEHHBIX MacIITadax, NPUHIMIIHAIBGHO YIyUIIAIOIUX JaHHbIe peaHain3oB. [lomyuenne neraau3upoBaH-
HOW METEOpPOJIOTNYECKOM HHPOPMALMK Ba)KHO TaKXKe TIOTOMY, YTO ITO3BOJISICT SIBHBIM 00pa3oM yuecTb KoH]pH-
TYPaIHio MOPCKOTO ITOOEPEXbsi U OCTPOBOB, TOPHBIE CUCTEMBI 1 JIpyTHe Me30MacIITadHbIe 0COOCHHOCTH O/
CTHJIAIONIEH MTOBEPXHOCTHU. B naHHO# paboTe npeyioxkeHa 1 0TpadoTaHa Jyisl JUINTEIbHBIX YHCICHHbIX SKCIIe-
PUMEHTOB TEXHOJIOT U Ay HCKEHIIMHT'a C TPeMsI IT0CIIE0BaTeIbHBIMHU «BJIOKEHHBIMH CETKaMMN», IIPEJICTABICHO
OITMCAaHUE NPUMEHEHHO! BBIYMCIUTEIEHON TEXHOJIIOTHH ¥ IPUBEICHBI PE3YIIbTaThl BEpUPHUKAIMH TTOTyYSHHO-
TO apXUBa, a TAKXkKe MEePBbIE OLIEHKH PAcUETOB 3KCTPEMANIBHBIX CKOPOCTEH BETpa.

B pesynbrare pacuéToB ObUTH HOJIyYEHBI aDXUBBI THAPOMETEOPOIOTHYECKON HHPOPMALINH C TIPOCTPAHCT-
BEHHBIM pa3zpelieHueM ~13 kM, ~6 kM 3a nepuop 1985 — 2014 rr., u, U1l OTAEABHBIX SKCTPEMANIBHBIX CIy4aesB,
C pasperieHueM ~2 KM, IIPUYEM Pe3yJIbTaThl KaX10T0 3KCIEPHMEHTa NPEICTABISIIN COO0M TaKkKe CTapTOBBIH
apXMB JUISl TOCIIEYIOIEr0 MOJICIIMPOBaHHs 00JIee BEICOKOTO pa3peieHusl.

B kadecTBe OCHOBHOTO MHCTPYMEHTA CO3/IaHMsI MHOTOJIETHETO MacCuBa METEOpoJIornieckoii nadopma-
LMK BBICOKOTO paspelieHus: Obiia BeiOpaHa Heruapocraruueckas mopens COSMO-CLM (Bepcus 5.0). Do
KIIMMaTH4ecKasi BEpCHsi pernoHabHON Me3omaciuradbnoi mogenn COSMO [1], pazpabarsiBaemast OIHOUMEH-
HbIM KoHcopiymoM (Consortium for Small-scale Modeling), BkitoyaronM B cedsi HalMOHAIBHBIE CITY)KObI

SESSION I // MODELING AND ANALYSIS OF REGIONAL ATMOSPHERIC PROCESSES


mailto:vplatonov86@gmail.com

MIPOTrHO3a MOTOABI psiia cTpaH, B ToM uncie Pocrunpomer Poccuiickoit denepannn. Pa3zpurue kmumaruueckon
BEPCUM MOJIEJI OCYILECTBISIETCSl B paMKax MEKAyHapogHoro HayyHoro coodmectsa CLM-Community [2].
['maBHbIE OTIIMYMS KJIMMaTHYECKOH BEPCHUHM MOJENN OT ONEPAaTHBHOM 3aKIIIOYAIOTCS B Psije MOAUGDHUKALMA 1
pacuIMpeHui, MpeHa3HaYeHHbIX IS I0JITOBPEMEHHBIX YHCIICHHBIX SKCIIEPUMEHTOB, TAKUX KaK OOJIbILast TTy-
OMHAa MOJICIIUPYEMOTO CJIOS TIOICTUIIAIOIICH ITOBEPXHOCTH U YUST CE30HHOTO X0/1a e¢ TapameTpos [3, 4].

Moznens COSMO-CLM v.5.0 3amyckanack B CTaHIapTHOW KOH(UIypaluu: cxeMa UHTETPUPOBAHUS 110
BpemeHHu PyHre-KyTTh! ¢ paciieri€éHHbIM MOAAaBICHUEM aKyCTUYECKUX U IPABUTAI[MOHHBIX BOJIH U YUCJIEHHON
anmpoKcuManueld TOpU30HTAIBHON a/IBEKIMH 5-TO MOpPs/IKa; BKIOYEHHBIMU auddy3ueli CMaropuHcKoro u
«CHEKTpaJIbHBIM Ha/DKHMHroM». Cxema napaMerpusannu paananuu Purrepa-XKuneiina (Ritter-Geleyn) ocHo-
BaHAa Ha JIBYXIIOTOKOBOW BEpCUH ypaBHEHUS PaJHallMOHHOTO NIePEeH0Cca; NapaMeTpu3alisl 0CaJAKoB OMHUCHIBAET
JIBJI0- U TPafioo0pa3oBaHue B 00IaKax M BKIFOYACT SIBHOE BOCIIPOM3BEICHUE NITyOOKOH KOHBEKIINH; BIaXKHAS U
Melikasi KoHBeKLus nmapamerpusyercsi cxemod Tuarke (Tiedtke) moroka Macchl ¢ paBHOBECHBIM 3aMBbIKAHHEM
(ucnonp3oBaack Mpu pacuérax Ha pa3peuieHun ~2,2 KM); TypOyJIeHTHOCTh onuchiBaeTcst oqHoMepHoi TKE —
CXEMOH 3aMbIKaHUsA 2,5 Mopsaka; cXxema MnapaMeTpU3aluy NepeHoca B IPU3EMHOM cJI0€, OCHOBaHHAs Ha UC-
T10JIb30BaHUH YPAaBHEHUS IS TypOYJICHTHON KHHETHUYECKOH SHEPTUH, BKIIIOYAET OIMCAHNUE ITPOIIECCOB B JIAMHU-
HapHO-TYpOYJICHTHOM CJIO€ IIepoxoBaTocTu. bosee moapoOHOe onrcaHne MOAEIN MOYKHO HATH Ha CTPaHHLIE
ee nokymeHnTaimu [http://www.cosmo-model.org/content/model/documentation/core/default.htm].

B pesynbrare MoneupoBaHus ObUIH MOJTyYEHBI IeTaIu3UPOBAHHBIE TTOJIS (METOJIOM «BJIOXKEHHBIX CETOKY,
C TOPU3OHTAIILHBIMU pa3pemenusivu 13,2, 6,6 n 2,2 km) 6onee 20 METEOPOIOrHUECKUX JIEMEHTOB 32 TTOCIIe]I-
Hue Tpuauats jet (1985 — 2014 rr.) ¢ TUCKPeTHOCThIO apXUBUPYEMBIX JaHHBIX Mo BpeMeHu | yac. IlepBona-
YaJIbHO MIEJ CTaHAaPTHBIM MOJIEJIBHBIM PAacyET 10 JaHHBIM peaHalin3a Ha 00J1acTh C CaMbIM IPYOBIM pa3peliie-
nueM (13,2 km). 3aTeM 3TH JaHHbBIE HCIOJIB30BAINCH B KQYECTBE HAYAIBHBIX M I'PAaHUYHBIX YCIIOBUH JJIsI MH-
TEPIOJIALUU U JJANbHEHIINX MOJENBHBIX PACUETOB HAa JOMEHE C IIaroM ceTku 6,6 kM. OHH, B CBOIO OUYepesb,
MIPE/CTABISUIN CO00I HavYaIbHbIC M IPaHUYHbIC YCIIOBHS JUIsl 001acTH ¢ paspeuieHueM 2,2 kM. Pacuérel o 00-
J1acTH 2,2 KM IPOBOJIMIIUCH TOJIBKO ISl 15 IpeBapuTeIbHO OTOOPaHHBIX CIIy4aeB SKCTPEMaNIbHBIX CKOPOCTEH
Berpa 3a 30-yeTHuii mepuos (cM. Tabi. 2).

[IpaxkTuyeckas peann3anusi JaHHON BBIYUCIUTEIBHON CXEMbI OCYILIECTBIISUIACh HA HECKOJBKO MECSIIEB
(o1 3 — 4 MecsueB /10 TOz1a), TOBTOPSSICH JUIS KaXI0r0 Trojia. Takas MpoJIoyDKUTEIbHOCTD IPUMEHSIIAch U3-3a
OIpaHMYEHUH BBIYMCIUTEIBHBIX PECYPCOB U 00bEMOB XpaHEHHs JaHHBIX, & TAK)KE TEXHUYECKHX PHCKOB «00-
PYLICHHSD» KOMITBIOTEPHOTO SKCIIEPUMEHTA [TPU HEMPEPHIBHOM CUeTe Ha OoJiee MPOJOIKUTENIbHBIE HHTEPBAJIbI
BpeMeHH. OnMcaHHas TEXHOJOTHs ObUIa peajn3oBaHa IPH MOMOIIM BeIYMCIUTENbHONW cucteMbl SGI Altix
4700 B I'maBHOM BBIUMCIUTENBHOM LieHTpe Pocrunpomera Poccun. 111 0CHOBHBIX pacuéToB 30-1€THEro nepu-
0712 Ha KJlacTepe ¢ MMKOBOH MPon3BoauTeNIbHOCTBIO 35 Tdhutornc npu ncnonbs3oBannu 288 saep ObLIO HCHOINb-
30BaHO ~2400 4acoB MPOIECCOPHOTO BPEMEHH, YTO AKBUBaJIeHTHO 100 THSIM HENPEpBIBHON PadOTHI.

Ha puc. 1 u B Tabin. | nmpuBeneHbl KapThl TPAHUL] HCIIOJIB30BAHHBIX PACYETHBIX JOMEHOB M UX OCHOBHBIC
XapaKkTepUCTUKH. BaxxHbIM pakTopoM mpu BeIOOpe KOHGHUrypauu odnacTu ¢ pa3pemenueM 13,2 kM rnociy-
KHJI yueT ocoOeHHocTel arMocdepHoi nupKyssiuuy Hax JansHeBoCcTOYHBIM pernoHoM. Obnacts 6,6 kM (6a-
30Bast ISl CO3/1aBAEMOT0 apXHBa) JIMIIb HEMHOTO MEHbIe JjoMeHa 13,2 KM, B OCHOBHOM 3a CUET COKpaICHUS
akBaropuii Tuxoro okeana u SInonckoro mops. Koudurypauus obiactu ¢ paspemennem 2,2 kM 00ycIlioBIeHa
TEM, YTO OCHOBHOH 3afaueil pacy€ToB Ha TOM pa3peLICHUU SBJIAJIOCH JETaJbHOE MOAEIHPOBAHUE BKCTPE-
MaJIbHBIX SIBICHUH K CEBEPO-BOCTOKY OT 0. CaxasuH.

Taodu. 1. OcHOBHbIE XapaAKTEPUCTUKH PACYETHBHIX IOMEHOB

XapakTepucTHKA Jomen 13,2 km | TlomeH 6,6 km Jlomen 2,2 kM
Jlonrora cMemEHHOTO TOTIOCa 110° B.11. 110° B.1. 110° B.1.

[1IupoTa cMemEHHOTo HoMoca 60’ c.1m. 60’ c.um. 60° c.um.

OO0111ee KOJIMYECTBO TOYEK 145%355 =151475 | 228*525=119700 | 300*500 = 150000
[ar cetku, rpamycs (kM) 0,12° (~13,2xm) | 0,06° (~6,6 kM) 0,02° (~2,2 kM)
[Har uHTErpUpOBaHUs 10 BPEMEHH, CEK 120 60 20

Yucio MOzIeNbHBIX YPOBHEH B aTMOcdepe 40 40 50

Umcito MOIETbHBIX YPOBHEH B MOYBE 9 9 9

BaxHoii 3a1aucii ObLTO CpaBHCHHE PE3YJIBTATOB ME30MACIITAOHOTO AyHCKEHINHTA C TaHHBIMU METEOPO-
JIOTHYCCKUX CTAHIIUN HAOIIOMaTeIbHOM ceTr Pocruapomera ¢ 1esbio OIICHKH Ka4eCTBa BOCIIPOU3BEACHHUS MO-
JICNIBI0 OCHOBHBIX METEOPOJIOTHYECKHUX TapaMeTPOB — B IIEPBYIO OUEPE/lb, B COOTBETCTBUH C MOCTABICHHBIMU
MPaKTUYECKUMU 3a/1auaMH, CKOPOCTH BETpa.

Jlannble HabnropeHuii mo Poccuiickum craHiumsM ObLH moydeHs! U3 6a3bl nanHbix PI'BY «'mapomer-
ueHTp Poccnmny, Takke UCIONB30BATUCH TaHHBIC apXUBa BeO-caiita «Pacnucanue moroasn (Www.rpS.ru). Jlist
TOTO, YTOOBI MMPEUMYIIECTBEHHO OLICHMBATh Ka4€CTBO PAOOTHI MOJENHU AJIsl HPUOPEKHBIX TEPPUTOPHA, OBLTH
0TOOpaHBI METEOPOJIOTMUCCKUE CTAHIIMU, PACIIONIOKCHHBIC Ha paccTosiHud He Oosee 100 kM oT Oepera u Ha
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N‘cheldomalnsi?rlf.z, 6.8, 2.2 km resolution P"c. 1. HapTa paCI'IO- BBICOTE, HE HpeBLIIHaIOIIleﬁ 500 M HaJ YpPOBHEM

T
7 - NOXKEHWA rpaHuL, Mopst (st odmact ~13,2 KM Takux okazayioch 124,
pacyéTHbIX obnacTen Uit obnactu ~6,6 km — 50).
o C paspeLueHueM 13.2, [IpoBeneHHast BepudUKALUS IO MHOTOJICTHUM
6.6 1 2.2 kM. apxuBaM Ha o0JacTsax ¢ pasperieHuem 13.2 u 6.6 km

JUISL Pa3JIMYHBIX CE30HOB ro1a [0 OCHOBHBIM Mapame-
TpaM — IIPU3EMHOHN TeMIeparype, CKOpOCTH BETpa 1
MOpBIBaM BETpa — IOKa3aja BIIOJIHE Y/IOBIECTBOPH-
e TeJIbHBIE pe3yJbTarbl. Tak, s TeMIeparypsl cpel-
=¥ Hss ommOka cocrasuna nopsaaka 0,5 'C, B To Bpems
. 7D ) KaK CTaHJapTHOE OTKJIOHEHHE OMIMOOK IOCTHIajo
A 2-3 °C, npuuém Goblme 3HAYEHUs OUIMOOK Xapak-
. TEPHBI JUISl NIEPEXOHBIX CE30HOB (BECHA U OCEHB).
12 1% 1aE TSI 60T TOE 1TSE CKOpPOCThL BETpa MOJIETh 3aBIIAET BO BHYTPEHHUX
paiionax octposa u marepuka, CKO cocTtaBuia oko-
70 2 M/c, TaKXkKe C MAaKCHMYMOM B IIEPEXOHBIC CE30HBI; CPEIHSS OIMOKA HE MPEBBIIIaNa ASCATHIX T0JeH M/c.
CBs13aHO 3TO, CKOpEE BCETO, C OCOOCHHOCTSIMH PACTIONOKEHNSI KOHKPETHBIX METCOCTAHIIMI W HEMIOJIHBIM COOT-
BETCTBHEM pEaTbHOM IEpOXOBATOCTH TTOJICTUIIAIOIIECH TTOBEPXHOCTH M €€ 3HAYCHUH, HCII0JIb3yEeMbIX MOAEIBIO.
Jist npuOpeXHBIX U OCTPOBHBIX METEOCTAHIINI OMIMOKH MeHbIe. UTo KacaeTcst OPHIBOB BETPa, HECMOTPS Ha
JOCTaTOYHO TPOCTOH aITrOpUTM pacuéra B MOJEIH [5], TO MOJETh BOCTIPOM3BENA X OYEHb HETIJIOX0, CO Cpeji-
HuME ommoOkamu He 6onee 1 m/c, CKO ot 2 mo 3,5 M/c u kodddurmenTamu Koppesanuu okoro 0,8 i BeIIe.
[Tpu 3TOM OBIIO TIOKAa3aHO, YTO CTATHCTHUYECKH 3HAUMMOTO YMEHBIICHHS OIIHOOK IIPU TIEPEXOE OT pasperie-
Hus 13,2 kM K 6,6 KM He TpoucxonuT. UTo KacaeTcst BepUPHUKAINU pacuETOB CIIydaeB SKCTPEMAIBHBIX CKOPO-
cTell BeTpa, TO B a0COIMIOTHOM OOJIBITMHCTBE CIIy9YaeB OIINOKN CPEeHEH CKOPOCTH U TIOPBIBOB 3HAYMMO COKpa-
IIAIOTCSI TIPH MIEpeXo/ie K pasperieHnto 2,2 KM, B TEMIIEpaType 3TO MPOSBISLETCS B MEHbIIEH cTeneHn. Takum
00pa3om, B IIEJIOM MOKHO YTBEPKAATh, YTO MOZEIb C IPUMEPHO OJMHAKOBBIM Kau€CTBOM BOCHPON3BOINT KaK
«(oHOBYI0» BHYTPHCE30HHYIO H3MEHUYNBOCTH METEOPOJIOTHYECKUX BEJIMYNH, TAK U UX JJUHAMHKY B YCIIOBHSX
9KCTPEMAIILHO BBEICOKHMX CKOPOCTEH BETpa.

54°N

Ta6a. 2. /IaThl 3KCTPpeMATBLHBIX CHHONTHYECKUX CUTYanHii B pernone OX0TCKOro Mopsi ¥ 3HaYeHHsSI MAKCHMAJIb-
HOJi ckopocTH BeTpa (M/c), Bocnpou3BeaenHbie Mmoaeabio COSMO-CLM

CkopocTh BeTpa, M/c
Jara
13,2 km 6,6 KM 2,2 KM

1 25.03.1987 27,7 - -

2 28.01.1989 32,3 343 343
3 19.12.1989 28,6 - -

4 8.11.1995 27,0 26,7 27,0
5 1.02.1996 28,3 29,2 28,9
6 14.02.1996 32,8 342 34,0
7 28.02.1999 33,3 35,2 35,5
8 14.11.1999 27.4 25,3 28,7
9 11.01.2000 28,3 293 29,6
10 | 12.01.2001 30,8 30,3 30,7
11 |5.12.2002 27,7 30,0 29,0
12 | 8.01.2005 29,8 28,7 30,6
13 | 27.02.2006 28,9 29,0 30,6
14 |3.02.2014 27,7 - -

15 16.03.2014 24,9 24,8 26,8

[IpuBenéunsie B Tabm. 2 cirydam HaubOollee SKCTPEMAIBHBIX CKOPOCTEH BeTpa OTOMpAaIHCh MO BCEMY
30-meTHEMY MaccWBy WH(OPMAILUH, MIPH ITOM HCIIONB30BAJICS TaK HA3BIBACMBIA MPHUHIUI «HE3aBHUCHMBIX
mTOpMOBY [6, 7], T.e. TpeOOBAIIOCH, YTOOBI MEKIY BRIOMPASMBIMH 3KCTPEMyMaMH OBLITO HE MeHee 3-X CYTOK,
YTOOBI HCKITFOYHUTH TIOTAIaHUE B UTOTOBYIO BEIOOPKY SKCTPEMYMOB, CBSI3aHHBIX C OHO U TOM K€ CHHOIITHYE-
CKOM cuTyaluei.

CHHONITHYECKHE 0COOCHHOCTH, IIPUBOAUBIIIE K SKCTPEMAIEHBIM CKOPOCTSIM BETPa, 00YCIOBICHBI CHITh-
HBIM TEPMHYCCKUM TPAJTUECHTOM MEKIY KOHTHHEHTAIBHBIM BO3IYXOM BOCTOYHOW EBpa3sum m MOpCKUM yme-
PEHHBIM BO31yX0M HaJ TuxuMm okeaHoM U OXOTCKUM MOPEM B 3UMHHUX YCJIOBHUSAX. DTO MPUBOAMIIO K AKTUBHOM
OUKJIOHUYECKOU ACATEIBHOCTH Ha TOJIIPHOM U apKTUYEeCcKOM (hpOHTaxX HaJ akBaropueit OXOTCKOro MOps H, B
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yacTHOCTH, Haa CaxannHoMm. Bce 0e3 MCKIIOueHHs dKCTpeMalibHbIe BEeTpa ObUIM CEBEPHBIX HANpaBICHUH U
00YyCIIOBJICHBI TPOXOXKICHUEM IIUKJIOHOB.

B GonbrmucTBe ciyyaes (28.01.1989, 14.02.1996, 28.02.1999) nabironanock GopMUPOBAHKE IUKIOHA
Haj [Ipumopckum kpaeM 60 Hal SIMOHCKMM MopeM. 3aTeM IPOUCXOIHIIa €r0 HHTEHCU(HUKALMS, U CMellle-
HHe K 0. CaxaJIiH ero IeHTPaJIbHON WK I0JKHOW 9acTH, B 3aBUCUMOCTH OT TpaekTtopuu (puc.2). Jlanee Buxpb
nepecekan o. CaxanuH U BeIXoam1 B OXoTckoe Mope. 3/1eCh 0OBIYHO BHOBB IPOUCXOIMIIO 3HAUNTENIBHOE YCHU-
JIEHUE CKOPOCTEH BeTpa Ha BOCTOYHOM Mobepekbe CaxannHa (B ThUTY IUKIOHA). JJTUTENbHOCTh M MHTEHCUB-
HOCTb 9KCTPEMAJILHON CHUTYallM 3aBHUCST OT MPOJOJDKUTEIBHOCTH CTA[HIOHMPOBAHUS LIMKIOHA U CKOPOCTH
€ro JajbHEHIIero NepeMeeHus, U BAPbUPYIOT OT HECKOJIBKUX YacOB JI0 CYTOK M CO CKOPOCTSIMH BeTpa oT 25
m/c 10 35 m/c.

Jlpyrue sKcTpeManbHble CUTYallMy ObUIH CBSI3aHbI C IPOHUKHOBEHUEM YK€ Pa3BUTOrO HHTEHCUBHOTO 111~
ki10Ha ¢ Tuxoro okeana oo yepes noiyoctpoB Kamuarka, miubo uepes octpoa Kypuiibckoit rpsiabl, WM HO-
cJie MPOXOXKIEHUS Yepe3 0cTpoBa AMOHCKOro apxuresnara, B IEpByI0 ouepe/ip, 0. X0KKaiino. Jlanee, IUKIOHBI,
YIIyONSIsCh, JOCTATOUHO OBICTPO (MEHEE CYTOK) MepeceKalid akBaropuio OXOTCKOro MOPSI U MPUOIHKATIHMCH K
0. Caxanus (puc. 3). Jnst TaHHOU TPYMITBI CUTYaIMi ObIIIM XapakTepHbI MeHee TIIyOOKHUe, HO TIPH ATOM OoJiee
OOIIMPHBIC ITUKJIOHBI.

CrienanbHOE CpaBHEHUE BOCIIPOU3BEACHHS 3TUX SKCTPEMAIIbHBIX CHHOITHYECKUX CUTYallUi Ha pa3iiny-
HBIX TOPU30HTAIIBLHBIX PAa3pPELICHHSIX TI0KA3aJI0, YTO TP FOPU30OHTAIILHOM pa3peleHnt 2,2 KM MoJI0CYaToCTh 1
ISITHUCTOCTH TIOJICH MPOSIBIISIETCS ipUe, & MAKCUMYM CKOPOCTH BETpa, KaK NPaBHUJIO, HEMHOTO YBEJIUUUBAJICS
(o 2 — 3 m/c). B nonapstronieM OOJBIIMHCTBE CITyYaeB 3TO MPUBOJUIO K 3aMETHOMY YMEHBIICHHIO OIIHMOOK
BOCITPOM3BEICHUS CPETHEH CKOPOCTH BETPa M MOPBIBOB. B TO e BpeMsi, U3MEHEHHS! BBILICYTOMSIHYThIX Xapak-
TEPUCTHK Ipu nepexose oT 13,2 kM k 6,6 KM BEIpaKEHBI MEHEe SIPKO M OTHO3HAYHO. DTO, BKYIIE C TPUBEACHHBI-
MM BBIIIE Pe3y/ibTaTaMu Bepu(UKaLUK, TIO3BOJISIET 3aKIIOYUTh, YTO MOJICIIMPOBAHKE TIPH Pa3pelieHut 6,6 KM,
NO-BHMMOMY, HE NaéT CyIIECTBEHHOTO YIIyUIlICHUs] PE3yJIbTaToOB, B TO BpeMsl Kak Ha CyOKHIOMETPOBOM Mac-
nIrade sSIBHOE pa3pelieHue NTyO0KOH KOHBEKITHH 1 00Jiee IeTalbHOE OlMcaHue penbeda, KOHPUryparuu moode-
PEXbsl U XapaKTEPUCTHK TypOYJIEHTHOTO JABMKECHHS ITO3BOJISICT 3aMETHO YJIYUIINTh Ka4€CTBO BOCIIPOM3BEIC-
HUSL OKCTPEMaJIbHBIX CKOPOCTEH BETpa B PU3EMHOM CJIO€.

B pesynbrare mpoBenéHHON paboThl OTPaOd0TaHA TEXHOJIOTHS CO3IaHUSI MHOTOJICTHIX apXHUBOB THAPOME-
TEOPOJIOrMYEeCKON MH(pOPMAIIMU BEICOKOTO pa3pelieHts ¢ MpuMeHeHneM Mezomacuradnoi mogenn COSMO-
CLM wu MeTona layHCKeHIMHTa. DTa TEXHOJIOIUsl, ¢ YYETOM aJlanTalui MOJEIH U KOHKPETHBIX 3a/1a4, MOXKET
OBITh MCIOJIb30BaHA JJIsl PA3IMYHBIX PernoHOB Poccuu 1 3eMHOTO 11apa.

ITo pesysbraram pacu€ToB IpoBesieHa BeprupHUKalUs MOJYyYeHHOI0 MacCuBa HAa OCHOBE JIaHHBIX CTaHIIU-
OHHBIX HAOMNIONEHNH, KOTOPAsi [TO3BOJIMIIA ClIENIAaTh BBIBOJ] O TOM, YTO MCIIOJIb30BaHHBIN METO/I ay HCKEHIIMHTa C
npumeHeHrneM Moaenun COSMO-CLM aznekBaTHO BOCHPOHM3BEN KaK METECOPONIOTHYESCKHM PEeXUM aKBaTOPUHU
OXOTCKOTO MOpsI, TAK U CUTYallMH SKCTPEMaJIbHBIX CKOPOCTeH BeTpa y nodepexbs CaxannHa. BbisBieHs 3a-
BHUCHMOCTH Ka4yecTBa BOCIPOW3BEICHHSI ME30MACIITA0HBIX 0COOCHHOCTEH aTMOC(EPHOM LHUPKYISALUH OT To-
PHU30HTAJIBHOTO pa3pelieHust MOJCIH. B 4acTHOCTH, MOKa3aHO, YTO MCIIOIB30BAaHHE Pa3pelieHust ~6 KM He
JAET CYIIECTBEHHOTO YIIyUIIEHHS MO0 CPABHEHUIO C pa3peiieHueM ~13 KM, B TO BpeMsl Kak paspeiieHue ~2,2 KM
obecrieurBaeT yiydllleHHe KauecTBa. Takke 110 JaHHBIM apXHBa ITPOBECH CHHONTHYECKUI aHaIU3 CUTYaluH,
COMPOBOKIAIOIIUXCS AKCTPEMALHBIMUA CKOPOCTSMHU BETPA, BBISBICHBI OCHOBHBIE THIIbI, ONaronpusTCTBYIO-
M€ UX BOZHUKHOBEHHUIO.

[TonyueHHBII MAaCCHB JTaHHBIX BBICOKOTO MPOCTPAHCTBEHHO-BPEMEHHOTO Pa3pEIICHUS SIBISETCS HECOM-
HEHHBIM TIOJICTIOPbEM JUISI JalibHEHIINX HCCIIENOBaHUN (DU3MYECKHX MEXaHHW3MOB (POPMHUPOBaHHS IKCTpe-
MaJIbHBIX [TOTOJIHBIX SIBJICHUH pa3InyHOro I'eHe3Kca 1 MaciTada, aHajin3a KayecTBa BOCIIPOM3BEACHUS THAPO-
METEOPOJIOTHYECKHX IT0JIeH, UX CTATUCTHUECKHUX OLICHOK, MHOTOJIETHUX TPEHJIOB B JIAHHOM PErHOHE, a TaKKe
UCIIOJIb30BaHMUS ATOM MH(MOPMAIMHU [UIs 33184 TTOPOOHOI OLIEHKH COCTOSIHUSI OKPYKAIOILEH CPe/Ibl.
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Forecast of polar stratospheric vortex dynamics
using SL-AV global atmospheric model

Shashkin V.V., Tolstykh M.A.

G.l. Marchuk Institute of Numerical Mathematics RAS, Moscow, Russia
Hydrometeorological centre of Russia, Moscow, Russia
E-mail: vvshashkin@gmail.com

the influence of planetary waves raising from the troposphere, the polar vortex can be distorted and even

broken up. During the vortex breaking the relatively warm mid-latitude stratospheric air is advected to
the high latitudes that results in the grow of stratospheric temperature by 25-50 'K in a few days. This situation
is called sudden stratospheric warming (SSW). The number of articles show the influence of SSW on the dy-
namics of troposphere (Borovko, Krupchatnikov, 2009; Vargin, Medvedeva, 2015; Baldwin et al., 2003; Perl-
witz, Harnik, 2004; Kolstad et al. 2010 and many others). Therefore the particular question of interest is the
predictability of SSWs by the atmospheric general circulation models. Most of works study the predictability in
the statistical context on the seasonal and climatic time-scales (Vargin, Volodin, 2016; Charlton et al., 2007,
Sun et al., 2012).

This work studies the quality of deterministic forecast of polar stratospheric vortex dynamics by the SL-
AV global atmospheric model (Tolstykh, 2010). We use multiscale version of the SL-AV model (Tolstykh et al.,
2015) with horizontal resolution of 0.9°x0.72° and 60 vertical levels. 17 vertical levels are located above the
tropopause.

The serie of 15 days forecasts starting at 12 UTC of 1-31 January of 2014, 2015, 2016 is carried out. The
initial data is Hydrometeorological centre of Russia operative analysis. The period covered by forecasts in-
cludes 4 minor SSWs associated with vortex splitting (2 February 2014, 5 January 2015, 27 January 2015) and
shifting (1 February 2016).

The particular characteristic illustrating the accuracy of polar vortex dynamics reproduction is correlation
of 10 hPa surface geopotential height anomalies between the forecast and reanalysis (ERA-Interim) plotted in
Fig. 1. Horizontal lines in Fig. 1 indicate 0.8 and 0.6 levels corresponding to "highly accurate" (above 0,8) and
"useful" (between 0.6 and 0.8) forecasts according to (Bauer et al., 2015; Manual on the global data processing
and forecasting system http.//library.wmo.int/pmb_ged/wmo_485-vl _en.pdf). All test forecasts, but 3 are use-
ful for at least 7 days, with 80% of forecasts are "highly accurate" at day 7. Anomaly correlation of 50% of test
forecasts falls below 0.6 by day 12 from start. One can conclude that SL-AV model accurately reproduces the
dynamics of polar stratospheric vortex for 7 days, that is somewhat longer than the accurate forecast range for
the most of meteorological characteristics in troposphere. Consideration of other fields and forecast scores
confirm this conclusion.

The reliability of SL-AV forecast of strong polar vortex perturbations is of special interest. SL-AV forecast
examples during minor SSW are shown in Figs. 2, 3. Considering 4 minor SSWs cases included in the test

P olar stratospheric vortex is the characteristic feature of the winter-time stratospheric circulatution. Under
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