DOI: 10.25283/2223-4594-2025-1-17-26
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CraTbs noctynuna B peaakumio 24 Hos6ps 2024 r.

Llens pabomsl — co30aHue cucmemsl obecnedeHusl onMmuManbHbIMU NPOHOCMUYEeCKUMU Memeopoio2udecKumu
nossmMu Mooesiu nepeHoca paduoHyKIUd08 8 NOASPHOU 06aacmu. AHanU3Upyomcs pesysibmamsl pacyemos npu-
3eMHbIX Memeoposioaudeckux noseli 8 apkmuveckom peauoHe Poccuu e patioHe, skawyarouwem 6yxmy Cabemma,
¢ nomouwjbto cmaHdapmuoli u noaspHol eepcuti modenu WRF-ARW [17]. [loka3aHo yny4ywieHue Ka4ecmsa Memeo-
pOsIo2UYeCcKUX Npu3eMHbix noell, npexoe 8ce2o CKOpocmu U HanpaseHus sempad, 6:1a200aps UCN0b308AHUK
nossipHoli 8epcuu u ycgoeHUto bosiee peanucmu4eckoz20 1e008020 NOKPOBA U MemMnepamypsl N0BEPXHOCMU OKe-
awa. lMonyyeHHvle 8 pabome MemoOuKu 6ydym LCno/1b308aHbI 8 0becneyeHuU pabom no MoOeaUpOoBaHUK nepe-

HOCO08 paduoHyKUA08 8 APKMUKe.

KntoueBble cnoBa: Apkmuka, WRF-ARW, npozHo3 memeoponoauyeckux nosned.

BBepgeHue

AKTyanbHOCTb paboThbl CBA3aHa C TeM, YTO Ha CeBepe
Poccumn nmeeTca uenbiii pag AfepHbIX SHepreTUYecKmx
YCTaHOBOK, MCMO/Mb3YIOWMXCA B 3Kcnyataumm Ha Ce-
BepHOM MopcKoM nyTu (CMI). HanbonbLuee ux Koamye-
CTBO COCPeAOTOYEHO B [BYX MPUrPaHNYHbIX PernoHax
MypmaHcKoii 06nactt 1 YyKoTCKOM aBTOHOMHOM OKpY-
re — B MypMaHcke, nocenke CabetTta v ropoge lNesek.

PacnpocTpaHeHue, ocarkgeHne U HaKkomjeHue B Mo-
NAPHbIX PerMoHax paAvoHYKIMAOB HeceT cepbes-
HYI0 OMaCHOCTb HaCefleHWio M Npupode Ha 60/bLmnx
naowaanx.

Hanbonee 6bICTpbIM KaHaIOM pacrnpoCcTpaHeHus
PaAVIOHYKNVMAOB ABMIAETCA, KaKk M3BECTHO, aTMocdepa.
B cBA3M C 3TUM HEO6X0AUMbI NMOCTOAHHBIN MOHUTOPUHI

© MpunaukuH [.A., PybuHwreiH K. I., Uruatos P. 1.,
[y6enko W. M., bytakos H. 0., 2025

pacnpoCTpaHeHna HYKNMAO0B W TLWATe bHbIN aHan3 nx
HaKonneHuA.

CoBpeMeHHble Mofenn nepeHoca PafavoHYKANLOB
COCTOAT, KaKk Npaswuno, 13 crneunduyeckon TpaHcnopT-
HOM MOAenu, BXOAHbIMWM AAHHbIMW ONA KOTOPON AB-
NATCA MPOrHOCTUYECKME METeoponornyeckme nons,
noctynaroLme Yepes onpeaefieHHble MHTepBasnbl (Ha-
npumep, 1, 3, 6 4), NpU 3TOM HUKAKOro 06paTHOro BO3-
[eiiCTBMA ra3oB M aspo30/iell Ha MeTeoposormio, Kak
npaBuso, He NpegycMoTpeHo. Hanbonee BarkHon MeTe-
OpOJIOMMYECKON XapaKTepUCTUKOW A1A TPaHCMOPTHOWM
Mofenu AsnAeTcA BeTep. He ToNbKO Npu3eMHbli BeTep,
HO 1 BeTep B MOrPaHW4HOM C/l0e, MPOBEPUTb KOTOPbIN
Mo AAHHbIM U3MEPEHWI B 3TUX PerMoHax HEBO3MOMHO.
BaKHbIM 31eMEHTOM ABMAIOTCA TaKMe BepTuKasbHble
rpagMeHTbl TemrnepaTtypbl, Tak KaKk OHW B 6OJbLLON
Mepe onpeAendAlT YCTOWYMBOCTL aTMocdepbl, BepTu-
KaslbHble ABUMKEHWUA U TypOYNEeHTHOCTb, HO Temnepary-
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Hayunbie mccneposanuna B ApKTUKe

Ta6nmua 1. CNUCOK OCHOBHbIX UCMOJIb3YEMbIX NapaMeTpu3aLuii B pacyeTax

Table 1. List of main parameterizations used in calculations

Mpouecc NHpeKc Ha3BaHue cxeMbl CcbIlKa
MuKpodusmka 7 Goddard 4-ice [18]
[OnvHHOBONHOBaA paanaumsn

4 RRTMG (14]
KopoTkoBoniHoBas paavauus
[pn3eMHbIvi cnon 4 Quasi-Normal Scale Elimination PBL [20]
[orpaHnyHbIn cnoin 5 MYNN 2.5 level [16]
HoHBeKLusA 1 Kain-Fritsch scheme [10]

pbl Ha BbICOTax B 3TUX LUMPOTAX TaKHe He U3MepAloTCA,
N NpPUXOOUTCA OrPAHUYUTLCA OLeHKaMU MpU3EeMHON
TemnepaTypbl. AHaM3 0CA[KOB BarkeH A51A BOCMPOM3-
BeeHWA BbIMbIBAHNA HYKIMA0B U3 aTMocdepbl.

M3BecTHO, 4YTO B MONAPHBIX PErMOHax B 3UMHWIA Nepu-
0[] Norofa xapaKkTepusyeTCcA C/I0KHOM MeTeoposiornye-
CKOI 1 NefoBoi 06CcTaHOBKOW. CUTyaLmMsA OCNIOKHAETCA
COBEpLUEHHO HeAO0CTaTOYHOW W3MEpPUTENbHOM CeTbIO.
Yrpo3bl BO3HWKHOBEHWA TUMNOTETUYECKUX ALEPHbIX
aBapwii BnosHe peasbHbl. OT paiMoaKTMBHOMO 3arpa3-
HeHVMA MOryT MocTpajaTtb npwuierawwye TeppuTopuu,
MOPCKMEe aKBaTOpPWK, NMPUPOAHbIE N SIKOHOMUYECKME pe-
cypcbl Poccum 1 pacnonoXeHHbIX B6/IM3U rocynapcTB
(Lseunn, ®uHnanammn, Hopserun, CLUA).

Llenbto paHHoM paboTbl ABNAETCA MOoJydeHue Hau-
6onee peanncTUYHbIX MPOrHOCTUYECKUX MeTeoposo-
rMYEeCKUX MoJsiert ANA pacyeToB TpPaHCNopTa HYKAMAOB.
B Hen npuBegeH aHanu3 MeTO4OB MOArOTOBKU MeTe-
OpPOIOrMYECKMX MPOrHOCTUYECKMX MOJMer ANA pacyeTa
pacnpocTpaHeHWs pagMOHYKIMAOB B MOJSIAPHON obna-
ctn Poccun.

MeTopabl uccnepgoBaHuA

[nAa noaroToBKM MPOrHOCTUYECKMX MeTeoposiormye-
CKUX Monen npepiaraeTcA UCNob30BaTbh pervoHasb-
Hylo HerngpocTaTuyeckyto mogenb Weather Research
and Forecast (WRF-ARW) v. 4.5 [17], KoTopas XopoLuo
cebs 3apekoMeHAoBana B aHanM3e paamalMoHHOW 06-
CTaHOBKM W OLEHKe MOoCneACTBUIA paanaLMOHHbIX aBa-
puii B byxTe Yarkma (1985), YepHobbine (1986), Dyry-
cume (2011) m gp. [1; 2; 4; 6; 17]. Mpun aHanu3e aBapuu
Ha A3C «DPyKycrMa» MCMonb30BaHWe 3TON CUCTEMbI
No3BOSIN/IO PEASIMCTUYHO OLEHWUTb [03bl BO3AENCTBUA
Ha HaceneHve Ha TepputopuM AMOHMM M BOCCTaHO-
BUTb WCTOYHUK BbIOPOCA pPafMOAKTUBHBIX BeLlecTs
B atMocdepy.

B npennaraemoii paboTe NpuMBOAUTCA CpaBHeHWe
pe3y/nbTaToB pacyeTa MpM3eMHbIX MeTeoposiornye-
CKUX MoJieil C MOMOLLBI0 BYX pa3HbiX Bepcuii Moaenu
WRF-ARW — cTtaHaapTHoi 1 nonapHoi. OueHKn byayT
npeacTasneHbl 4718 3UMHEr0 U IETHEro0 Ce30HOB.

Mogenb WRF-ARW [17] pa3pabaTbiBanach C y4actu-
eM HauuoHanbHoro LueHTpa nccnefoBaHnsa atMocdephbl
(NCAR, CLUA) n HaumoHanbHOro LeHTpa NporHo3oB Co-
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cTosAHMA oKpyatowen cpepbl (NCEP, CLUA). B HacToA-
wee Bpemsa Mogenb WRF-ARW HaxoauTtcs B cB0604HOM
[OCTyne n ncnonb3yetca B Poccum npu peleHnmn wmpo-
KOro Kpyra 3ajay B 06/1acTi NporHo3a MeTeornosnei.

TaKk Kak Mbl pewaeM 3afadvy MporHo3a C NoMoLbio
WHTerpvpoBaHnA ypaBHeHuii HaBbe — CTokca Ha
OrpaHWYeHHON TeppuTopuMKn, He Ha rnobyce, oHa fAB-
nAaetca 3agadert Kowm, HaM HeobxoamMMbl HavasibHble
W rpaHuyHble ycnoBuA. [na pacyeToB oHU Gpanmcb u3
pe3ynbTaTtoB rnobanbHbix nporHosoB GFS (Mnobanb-
HoOM cucteMbl nporHo3os) [10]. Mpu ncnonb3oBaHUM
MOENM B MPOrHOCTUYECKMX Lenax Tpebyetcsa mHbop-
MauuA O reornoTeHuMasne, Temnepatype, BAarKHOCTU,
rOPU30HTAJIbHBIX KOMMOHEHTAX CKOPOCTWU BETPA, TEM-
nepatype noACTUNAOWENA MOBEPXHOCTH, MPU3EMHOM
JaBfieHuy, OaB/fieHUM Ha YpOBHE MOpA, Temrepartype
N BMAXKHOCTM MO4Bbl, BOAHOM 3KBMBAJIEHTE CHEMHOIO
MoKpoBa, anbbeno NoacTunatoLLel NoBepxXHOCTH, fofie
pacTuUTeNIbHOro MOKPOBA, pesbede, a TaKHe o pacrnpe-
JefleHrne BoAbl-CyLIM-MOPCKOro Nibaa.

B 3KcnepuMeHTax Mcnosb3oBasacb Bepcua MOZenm
WRF-ARW 4.5, ropn3oHTasibHbli Wwar ceTku 18 KM, Bbl-
Jaya pe3ynbTaTtoB Karkable 60 MuH. Mogenb ctapTo-
Basla C HOBbIMW HaYasibHbIMU [AHHBIMA U KpaeBbIMU
yCNOBUAMK Karable 12 4. PaccunTbiBanncb NporHo3bl
Ha 12 y, nepBble 6 4 UCKYANNCL U3 aHaNM3a pe3ysib-
TaToB, TaK KaK paccMaTpyBaIMNCh KaK NpucnocobneHme
JaHHbIX K ypaBHEHVAM.

B nmporHoctuyeckoi Mogenu umeeTtcs 60OMbLION Ha-
60op napameTpusauum GU3NYECKMX MpPOLEeCcCOoB MNofg-
CeToYHOro Maciutaba, He ONMUCbIBAEMbIX OCHOBHbLIMU
YpPaBHEHUAMM.

JTo npouecchl B MoYBe, Ha MOACTMAIOLEN NOBEpX-
HOCTW, B MOrPaHWYHOM CJioe, B CBOGOAHON aTMocde-
pe — obnayvHoCTb, 0cafKku T. 4. B Tabn. 1 npeacTtasnex
nepeyeHb MCMosib3yeMoro Habopa napameTpuaumi
$U3MYECKMX MPOLECCOB B AaHHOM paboTe. Ux Habop
noslydeH B pe3ynbTaTe cepum npeaBapuTesibHbIX dKcne-
PUMEHTOB Mo NoA60PY ONTUMAIbHBIX MApaMeTpU3aLImii.

lNpeanonaraetca Mcnonb3oBaHWe AS1A PacYeToB Mo-
nApHon Bepcun mogenu [3; 11; 13]. OHa npeactasnaeT
coboii MoamMdbuKaumio cTaHgapTHoW Bepcun anAa bonee
KQYeCTBEHHOrO OnNuMcaHuA aTtMocdepHbIX MNpoLieccoB
Ha TeppuTopuM, BOMbLUEN YACTbIO MOKPbLITON JIbAOM
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Puc. 1. Kapra pacueTHoii o6nactu. LLikana otpaxaert BbicoTy oporpaduu, M
Fig. 1. Map of the calculation area. The scale reflects the height of the orography, m

N CHeroM. YKasaHHaA BepcuA WCNosb3oBanacb npwu
pacyeTax apKTMyeckux peaHanusos [8; 19]. MNonapHan
Bepcvsa Mofenu oTmMvaeTcs oT 6a30BOM B OCHOBHOM
onncaHMeM 3HeproobMeHa € UCMob30BaHWEM Moaenn
noactunatouwen nosepxHoctn NOAHLSM [9] Hapg Tep-
pUTOPUAMMU, MOKPLITEIMA MOPCKMUM JIbA0M, C BO3MOMHO-
CTbI0O KOJIMYECTBEHHOrO ONMCaHWA NefAHOr0 MOKPOBa
(cnnoyeHHOCTb, TONWWMHA NbAa M CHera Ha nbay). Ecnm
NMOBEPXHOCTb B 3HAYMTENIbHOW CTeMneHV 3acHerkeHa
(6onee 97%), To UCMONb3YeTCA 3HAYEHUE TEM/IONPOBO-
OHOCTY ANA CHera, a He A1A NoYBbl, KaK B CTaHAAPTHON
Bepcumn. [1nA 3aCHeXeHHbIX PerMoHOB yunTbIBaeTCA Te-
nnoTa cybnmmaumn, Ans 6eccHeXKHbIix — TensjoTa na-
poobpasoBaHuA. [ns onucaHWA TenaoBbIX MpoLeccoB
B /leJAHOM TMOKPOBE MCMNOMb3yeTCA YeTblpexcionHanA
Mofieflb MOPCKOro /ibAa C onucaHueM obmeHa TenioM
1 BNaron Ha rpaHnuax «cHer — atMocdepar» U «cHer —
MOpCKOM flef». Kpome Toro, B NOSIAPHON Bepcun nsme-
HeH pagd Tennoduanyeckmnx XxapakTepucTuk nofctuna-
IOLLEe MOBEPXHOCTU: BAKHOCTb MOBEPXHOCTU B TOHYKAX
Ha3eMHOro 1 MOpPCKOro fibfa NpUHATa pasHol 1, gonA
CHEXHOro MOKpPOBA HEe OrpaHu4eHa AN BCEX MOBepX-
HoCTel, anbbeao MopCcKoro fiba NPUHATO paBHbiM 0,8,
u3sydartesibHaa cnocobHocTb nbaa — 0,98, Tennonpo-
BOAHOCTb HAZ0 NbAOM (BOAHBIM M HA3EMHbIM) yCTaHaB-
NMBAETCA B COOTBETCTBUM C TEMIONPOBOAHOCTBIO HAL

CHerom [3]. lMoMuMoO 3TOro AnA yny4lleHna aganTUBHO-
CTV B MONAPHbBIX permoHax Temnepartypa 3amep3aHuA
MOPCKOI BOAbl YCTaHOBMEHa Ha ypoBHe 271,36°K, we-
pOX0BaTOCTb MOBEPXHOCTU HaL MOPCKUM NbAOM U MO-
CTOAHHBIM MATEPUKOBBIM JIbJOM — Ha ypoBHe 0,001 M,
n3nydaTesibHaa CnocobHOCTb cHera — Ha yposHe 0,98,
MNOTHOCTb CHera Haj MOPCKUM /IbAOM — Ha ypoB-
He 300 Kr/m° TennonpoBOAHOCTb MEPEXOLHOro CJoA
Me Iy atMochepoit U CHEroM NpuUHUMAeTCA 3a Ternso-
NPOBOAHOCTb CHera, U BCAKWIA pas, Koraa BepXHU Ciom
CHera npesbiaeT rybuHy 20 cM, OH paccmaTtpuBaeT-
CA TaK, Kak ecnm bbl TonwmHa cHera 6bina 20 cM anAa
pacyeTa noToka Tenna. [1nA anbTepHaTUBHOIO pacyeTa
TemnepaTypbl MOBEPXHOCTW HAA CHEMHbIMU MOBEpX-
HOCTAMM Ten0NpoOBOAHOCTb BEPXHEro C0A TyHAPO-
BOW nousbl raybuHoi 0,1 M ycTaHOBNeHa Ha YpoBHe
0,25 BT-M-K' [7; 13].

[ns pacyeToB 6bl1a NoAroToBsIeHa 06/1aCTb C WAroM
no ropu3oHTann 18 KM 1 no BepTukanu 39 curma-no-
BepxHocTeli (oT 2 go 20 000 m). Ha puc. 1 npeactaBne-
Ha KapTa pacyeTHol obnacTv AnA CTaHAApTHOW U Mo-
JIAPHON BEPCU NPOrHOCTUYECKOW MOAENN.

Pe3ynbTatbl pa6oThl

Bbinn npocunTaHbl ABe cepun MPOrHo3oB Ha 48 4
AnA 3vMbl (Bce aHM deBpanA) 1 neta (Bce AHM aBrycra)
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Puc. 2. Kapta ceTv Ha3zeMHbIX METEOPONOrUYECKMUX CTAHLIMIA, N0 KOTOPbIM MPOBOAUIUCH OLIEHKU PE3YNbTaToB MOAENIUPOBAHMUS.

Lkana — oporpadus

Fig. 2. Map of the network of ground meteorological stations used to evaluate the modeling results. The scale is orography

2023 r. co CTaHOapTHOM M MONAPHOW BepcuAMK Mpo-
rHocTtnyeckon mogenn WRF-ARW.

[nA oueHKM pe3ynbTaToB MPOrHO30B MCMO/b30Ba-
lacb CeTb MeTeoposiornyecknx ctaHumin Pocrmgpome-
Ta, PacrofiorKeHHbIX Ha nobeperbe u ocTpoBax. KapTta
METEOPOSIOrMYECKNX U a3pONIOrMYECKNX CTaHUMIA npu-
BefeHa Ha puc. 2. CTaHuMm 0603HaYeHbl KpacHbIMM
TOYKAMMU.

MepeligeM K cpaBHEHWIO pe3ynbTaToB NPOrHO30B MO
OBYM BepcuAaM mMogenen. [pu 3ToM Hafo ynoMAHyTb,
YTO OCHOBHOW MEpPEeHOC PaAMOHYKIMAOB MPOUCXOOUT
B MOrpaHN4YHOM cfioe atMocdepbl Npu HA3eMHOM Bbl-
6poce, HO OLLEHUTb Ka4yecTBO MoJel ecTb BO3MOMKHOCTb
TOMIbKO MO MPU3EMHbIM M3MepeHuAM. HKadecTBo BOC-
npousBefeHVA NPU3eMHON TemMnepaTypbl onpepenAeTt
B KaKOW-TO Mepe BepTMKasIbHYl CTPYKTYpy Temre-
paTypbl WAKM CTeneHb YCTOWYMBOCTM B MOrPAHUYHOM
cfoe, N03TOMY Mbl €ro ToXe NPOBOAMM, HO OCHOBHbLIMU
1 Hanbonee TpyAHbIMM AN aHanM3a ABNATCA MoAy b
1 Hanpas/ieHve BeTpa.

Ha puc. 3 npuBefneHbl cpegHue 3a MecAL, pa3HoCTU
Meray Temrnepatypov Bo3ayxa Ha 2 M AA NOAAPHON
1 CTaHAapTHOW BepCuin MPOrHOCTUYECKON MOAEeNN.

MorHO BMAETb, YTO B NPU3EMHONV TemnepaType 3a-
MeTHa pasHuua u 3umoli (ot -1,5° fo 4°), u netoMm (oT
-9° go 0°), T. e. IeTOM CpefHAA TemnepaTypa M3MeHu-
NlacCb 3HAYUTENBHO.

CpefHAA 3a MecsAl, CKOpPOCTb BETpa TaKKe M3MEHU-
Nnacb 3UMON OT YMeHblUeHWA [0 pocTa Ha 1 M/c, npu-
MEPHO Ha CTOJIbKO e U JIETOM.
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B Tabn. 2—5 npvBefeHbl cpeaHne Ans 3UMbl U neTa
OLIeHKM MPOrHO30B CTaHAApTHOM MoZenn v ee nonsp-
Hol Bepcuu. OLeHKM NpoBefieHbl MO AaHHBIM O NpU3eM-
HOM BeTpe, TeMrepaType 1 0cajikaM C METEOPOJIOrnye-
CKUX CTAHLUMIA (CM. puc. 2).

M3 Tabn. 4 BUOHO, YTO B HOMKHOM YacTu obnactu 3a-
METHbIX pa3/Mynii He HabntAaNoCh.

B Tabnuuax npuBeaeHbl cucTeMatUyeckue owwMb-
ku (BIAS), abconmoTHble owwnbkm (ABS), cpeaHeKkBa-
apatndeckue ownbkn (RMSE), 1 BeKTOpHble OWMOKM
ansa Betpa (VEK) ana npusemHoli Temnepatypbl, Be-
Tpa M 0CaAKOB, a TakKe Ko3pPUUMeHTbI KoppenAuum
(COR) MpOrHOCTMYECKMX AAHHBIX C AAHHBIMU Habnto-
OeHWiA. DTV nokasaTenu ABAATCA CTaHAapTHLIMU
[ONA OLEHOK KayecTBa MpOrHo3a MeTeoposiornyeckmx
BeNYMH, Mx ¢opmynbl npeactasneHbl B [5]. B co-
OTBeTCTBMM C [5] MPOrHO3bl MOXKHO CYMTaTb BMOJIHE
YO0B/IETBOPUTESIbHBIMMU.

MOMHO BUAETb, YTO HA OLLEHKaxX 0CaAKOB CMEHa Bep-
CUIA MPaKTUYeCKN He 0Tpa3unach.

B Tabn. 3 BblgeneHbl 3aMeTHble Y/yylleHuA nosei
TemnepaTypbl Ha 2 M /IETOM, pacCyMTaHHbIe NOAPHON
BepCueli C HOBbIMU CBOMCTBaAMU NEAAHOMO U CHEMHOMO
MOKPOBa, 1 TeMMepaTypoli NMOBEPXHOCTU OKeaHa, KoTo-
pble crnocobcTByoT 6onee peanncTUYHOMY OMUCaHUI0
norpaHnyHoro cfos atMocdepbl B MoAenu, npoLecchl
B KOTOPOM 3HAuMTESIbHO BIMAIOT HA pacnpocTpaHeHue
paaVOHYKNMAOB.

M3 aHanusa Tabn. 5 MOXKHO caenatb BbIBOA, YTO Ha-
npaefieHne BeTpa (a 3TO BeCbMa BarKHbIN MoKasaTesb

ApKTUKa: 3KONOrMA U 3KOHOMMKaA, T. 15, N2 1, 2025
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Puc. 3. CpepHue 3a MecsiL, pasHOCTM MEXAY pesynbTaTaMu NONSIPHONM U CTaHAAPTHOW BEPCUiA MPOrHOCTMYECKOI MOAeny TeMnepatypbl
BO3AyXxa Ha 2 M (a, 6), MoAyNna CKOpOCTH BeTpa (8, 2) U CyMMbl 0CapKoB (0, €) AN 3uMbl U ieTa 2023 .

Fig. 3. Average monthly differences between the results of the polar and standard versions of the forecast model for air temperature
at 2 m (a, 6), wind speed (8, 2) and precipitation amount (9, e) for winter and summer 2023.

Ta6nuua 2. CpegHue oLeHKU NporHo3a 12-4acoBbiX CYMM 0CafKoOB
ANIA CTaHAAPTHOW U NONAPHONK Bepcuii Mogenu

Table 2. Average 12-hour precipitation totals forecast estimates
for the model standard and polar versions

Bepcus BIAS ABS RMSE COR
btk Ll 3uma Neto 3uma Neto 3uma Neto 3uma Jleto
CraHgapTtHaA 0,31 0,13 0,57 0,58 1,30 2,21 0,48 0,43
MonApHan 0,31 0,14 0,57 0,59 1,29 2,20 0,48 0,43
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Ta6nuua 3. CpegHue oLLEeHKU NPOrHo3a TeMrnepaTtypbl Bo3gyxa Ha
2 M cTaHAapTHOW U NONAPHOW BepCUA Moaenu

MpuMeyaHue. NonyRMPHLIM BblAeNIeHbl 3aMETHbIE Y/yYlleHUA Mosei TeMnepaTypbl Ha 2 M JIeTOM, pacCUUTaHHbIe Mo-
NAPHOV BEpCUEi C HOBbIMU CBOMCTBaMM NIeAHONO U CHEXHOIO MOKPOBA, & TaKMKe TEMMEepaTypoi NOBEPXHOCTH OKeaHa,
crnocobcTByoWMe bonee peanncTUYHOMy OMMCAHWMI0 B MOLENM MOrpaHUYHOro C/loA aTMocdepbl, MPOLEecchl B KOTOPOM
3HAUMTENBbHO BAMAIOT HAa PacrnpoCTpaHeHVe paMoOHYKINOB.

Note. Noticeable improvements in temperature fields by 2 m in summer are highlighted in bold, calculated by the
polar version with new properties of ice and snow cover, as well as ocean surface temperature, contributing to a more
realistic description of the atmospheric boundary layer in the model, the processes in which significantly affect the
spread of radionuclides.

®

= Table 3. Average estimates of the air temperature forecast at

g 2 m for the model standard and polar versions

v

5 = Bepcus BIAS ABS RMSE COR

S E mMoaenu 3uma Neto 3uma Neto 3uma Neto 3uma Neto
v

: 2 CraHgapTtHad -2,52 -2,33 3,29 2,78 4,28 3,54 0,95 0,91
; a MonApHan -2,56 -1,35 3,32 2,12 4,30 2,79 0,95 0,92
Ha

F)

]

-

Ta6bnuua 4. CpegHue OLeHKU NPOrHo3a CKOPOCTU BeTpa Ha 10 M
ANA CTaHOAPTHOW U NOJIAPHOW BepCcuii Moaenu

Table 4. Average 10 m wind speed forecast estimates for the model standard and polar versions

Bepcun BIAS ABS RMSE VEK COR

Moaem 3uma | Jleto | 3uma | Jleto | 3uma | Jleto | 3uma | Jleto | 3uma | Jleto
CraHgapTtHad 0,53 0,43 2,61 1,93 3,38 2,45 3,96 3,02 0,68 0,54
MonApHan 0,47 0,47 2,59 1,94 3,35 2,46 3,95 3,01 0,69 0,53

Ta6bnuua 5. CpegHue oLeHKU NPOrHo3a HanpaBneHuA BeTpa
Ha 10 M cTaHAapPTHONM U NONAPHOW Bepcuin Moaenu

Table 5. Average estimates of the 10 m wind direction forecast for the model standard and polar versions

Bepcun BIAS ABS RMSE COR
Mo 3uma Neto 3uma JNeto 3uma Neto 3uma Neto

CraHgapTHan 19,91 9,72 37,14 43,42 48,57 57,35 0,41 0,40

MonApHas 20,12 10,91 37,19 42,20 48,72 55,74 0,41 0,42

ONA MoJenu nepeHoca MpvMecy) MONAPHOW Bepcuen
B reorpaduyeckoit 061actu nHTepeca BOCNpomu3BOaUT-
CA 3aMeTHO peasiMcTuyHee.

Hanbonee ApKko MOXKHO BUAETH Y/y4lleHWe TeMrepa-
Typbl BO3AyXxa B MPOrHO3ax MofiApHON Bepcun Mogenm
(BIAS, ABS), npvBefeHHbIX Ha puc. 4. CMHAA KpuBaa —
CTaHAapTHaA BepCuA, KpacHaA KpvBas — MONApHAaA.
MpaKkTUYeCKM B KarkAOM MPOrHo3e Mpu3eMHas Tem-
nepatypa 6binia B MOMAPHON BepCUMM 3aMeTHO bnke
K HabMogeHMAM.

B 3aknoyeHnn aHanm3a pe3ynbTaToB pacyeToB
npuBeAeM OYeHb MOKa3aTeslbHYl Ha Haw B3rnsag
KapTy BEKTOPOB /leTHero BeTpa Ha MeTeoposiornye-
CKUX CTaHuuAx B6/M3mM nopta CabeTta M MHTEPRoan-

22

POBaHHbIX B 3TV TOYKM M3 pacyeToB MO CTaHOAPTHOM
n nonApHoi BepcuAM Mogenu (puc. 5). U3 pucyHka
BWAHO, YTO BO BCEX CTaHUMAX BeTep, pacCUUTaHHbIN
nofiApHON Bepcuen, 3aMeTHO B/IMKe Mo HanpaBieHWo
K HabnogeHnAM.

OCHOBHOM MPUYMHOW W3MEHEHWI NeTHel Temnepa-
Typbl ABMANOCH M3MEHEHWE NeAHOr0 MOKPbITUA B 06-
NacTy NporHo3a. 370 U3MEHeHWe UACTpUpyeT puc. 6,
[EeMOHCTPUPYIOLLNIA PasHULYY CMJIOYEHHOCTH fibAa Me-
[y ABYMA BEPCUAMU MOLESN.

3axkmoueHue

B paboTe npuBefeH aHanM3 MpU3eMHbIX METeopo-
NOrMYECKMX Mojel, NpefHasHaYeHHbIX 1A pacyeToB
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—— BIAS_classic —— BIAS_polar

ABS, °C
w

—— ABS_classic 6 —— ABS_polar

Puc. 4. BpemMeHHoIi xop, cuctemaTnyeckoit (a) u abcontoTHo (6) oMb6oK Npu3eMHOM TeMnepaTypbl AJis IETa, PACCYUTAHHBIX C TOMOLLbIO
CTaHAAPTHOM BEPCUM MOAENN U NMONSAPHON B TOUKAX HabnoaeHui cetu PocruppomeTa, pacnosioKeHHbIX Ha Nobepexbe U 0CTPoBax
Fig. 4. Time course of systematic (a) and absolute (6) errors of surface temperature for summer, calculated using the model standard
and polar versions at observation points of the Roshydromet network located on the coast and islands

Il Ha6niopeHus
Il Knaccuueckas Bepcus |
I NonspHas sepcus

Puc. 5. KapTa BekTOpOB cpepHero BeTpa, HabntoaasLierocs IeTOM Ha 6MKaiLLMX CTAaHLMAX U NOJTYYEHHBIX U3 PacyeToB (YepHbIi

BEKTOP) MO KNacCM4eCKoi BepCcuM (CUHUI BEKTOP) M NONSIPHOI Bepcuu (KpacHbIi BEKTOP)
Fig. 5. Map of average wind vectors observed in summer at nearby stations and their obtained calculations (black vector) according

to the classical version (blue vector) and the polar version (red vector)
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MoJenn nepeHoca paavMoHYKINO0B
B Kapckom mope.

HecmoTpa Ha oveHb orpaHuyeH-
HOe KonM4yecTBO HabnodaTesbHbIX
CTaHUWIiA B 3TOM pervoHe u pacno-
JIOMEHWNEe NX TOSIbKO B FOXHOM YacTun
obnacTy, NoKkasaHo, YTo0 WUCMoJb30-
BaHWe MOIAPHON Bepcun rmapoau-
HamMuyecko Mogenn atmocoepbl
C peanuCTU4HbIM Nef0BbIM MOKPbI-
TMEM 3aMeTHO yNy4llaeT MpOrHo3
Npu3eMHON TemnepaTtypbl BO3A4yXxa
1 NpU3eMHOro BeTpa.

CuctemaTnyeckas olmbka mnpo-
rHo3a Mpu3eMHON TemnepaTypbl
CHU3WNach Ha 42%, abconoTHaa —
Ha 24%, cpegHeKBaapaTnyeckan —
Ha 21%. TakuMm 06pa3oM, MOMKHO
cuMTaTb, YTO pacyeTbl MMEHHO Mo-
NIAPHOI Bepcuelt Havbonee noaxo-
OAT ONA reHepaumu MporHocTude-
CKUX Nonen Npy NporHo3e B MoAenm
nepeHoca pagnoHyKIMa0B.

®duHaHcupoBaHue
PaboTa BbIMoMHeHa npu  Mog-
nepHke rpaHTa Poccuiicko-
ro HayyHoro ¢oHaa (NpoekT
N2 20-19-006150M).
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Abstract

The aim of the article is to create a system for providing the model of radionuclide transport in the polar region
with optimal prognostic meteorological fields. The authors analyze the results of calculations of surface meteo-
rological fields in the Arctic region of Russia, in the area including Sabetta Bay, using the standard and polar
versions of the WRF-ARW model [17]. An improvement in the quality of meteorological surface fields, primarily
wind speed and direction, is shown due to the use of the polar version and the assimilation of a more realistic
ice cover and ocean surface temperature. The research methods will be used in simulating radionuclide transfer
in the Arctic.
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