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Bkurouen B Ilepeuens perieH3upyemMbix HayuHbIx n3nanuidi BAK MunoOpuayku ¢ 01.12.2015 ropga.

IIpencrasieHs! pe3yabTaThl YHCICHHBIX IIPOTHO30B HOroasl I'mapoMernentpa Poccun u MeTeocysxObl
Benapycu mo TeppHTOpUM pPeCIlyONMKH, IOIyYeHBI OLEHKH BIHAHHA IOJCTHJIAIONIEH MOBEPXHOCTH Ha
KauecTBO INPOrHO30B. IIpuBoauTcs KIacCH(UKAmUs METONOB IPOCTPAHCTBEHHOH BepHU(UKAMU C HX
NIPUMEHEHUEM JUIsl aHCaMOJIEBBIX IPOTHO30B, HMEPEUUCIIOTCS COOTBETCTBYIOINUE NPOrPaMMHEIC CPEICTBA.
H3noxeHa MeTonuKa aHamu3a CTPYKTyphl FOXHOA3MAaTCKOH AENpeccHH C y4eTOM TePMHUYECKOTO PEeXHMa
MOACTUNIAIOMEH IOBEPXHOCTH. AHANIM3HpyeTcss CIydali CHJIBHOrO Tojonena (JIeASHOTO HOXKIAsI) B
r. Bnagusocroke B Hostope 2020 rona. OnucaH METO JOJITOCPOYHOTO IPOTHO3a CPOKOB BCKPBITHS OTO JIbJA
pek Oacceiia p. Barku. OOcyxnaercs HEOOXOIUMOCTb Y4€Ta HMCTOYHHMKOB a’pO30JILHOTO 3arps3HEHUs
BO3[yXa IIpU OIEHKE U IPOTHO3HPOBAHUH OKOJIOTHUecKkod oOcTaHOBKM B Mockse. IIpuBeneH anamms
3arpssHenus atMocdeps! B IIpumopckom kpae B 2019—2020 rr. 10 JaHHBIM CITyTHUKOBOTO MOHHTOPHHIA
GMAO/NASA. Ananusupyercs BiusiHue nepBoil BosHbl nangemun COVID-19 Ha skocuctemy EBpomsi.
B undopMannoHHOM paszene BIEepBHE IIyOMHKyeTcss 0030p TEKymMUX M OXHAAEMBIX CE30HHBIX
KIMMaTHYeCKUX aHOMAJHMII 110 pe3yibTaTtaM OLeHOK MereociyxO crpan CHI'. IlpencraBieH KOHCEHCYCHBIH
MIPOTHO3 B BEPOSATHOCTHOH (opme I TeMmepaTyphl BO3LyXa H OCAAKOB HA NPEACTOSIIMN 3MMHHUH CE30H
2021/2022 rr. no teppuropun Ceseproii EBpazun.
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The results of developing short-range numerical weather prediction based on the COSMO-RuBy
(Hydrometcentre of Russia) and WRF-ARW (Belhydromet) atmosphere models for creating unified products
are presented. The classification of spatial verification methods with their application for ensemble
forecasting is given, the corresponding software tools are listed. Estimates of the Earth surface influence on
the accuracy of numerical prediction of air temperature on the territory of Belarus are obtained. The method
for analyzing the structure of the South Asian Low is described, taking into account the thermal regime of the
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The method for long-range forecasting of the time of breakup in the Vyatka River basin is described. A need
to take into account the sources of aerosol air pollution for assessing and forecasting environmental
conditions in Moscow is discussed. The analysis of air pollution in Primorsky Krai in 2019-2020 according
to GMAO/NASA satellite monitoring data is presented. The impact of the first wave of the COVID-19
pandemic on the European ecosystem is analyzed. For the first time, the informational section publishes an
overview of current and expected seasonal climatic anomalies based on the results of assessment by the
meteorological services of the CIS countries. A consensus probabilistic forecast for air temperature and
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®opMUpOBaHUE MPOAYKIMH
CHCTEM HernJAPOCTATHYECKOIr0 MOeJIUPOBAHUS aTMOChepbI
COSMO-RuBy (I'mapometuentp Poccumn)
u WRF-ARW (bearuapomMer) 1yt KpaTKOCPOYHOT 0
MPOrHO3a MOr0/AbI

H.A. Posunkuna', I.C. Pueun'’, P.H. Bypax’, E.JI. Acmaxosa’,
IO.B. Angpepoé’, /1.b. Baunoe', ®.JI. Beikos', B.A. Boakoea',
E.B. Bopoovesd', I1.0. 3aiiko’, H.U. JKabuna ', A.JO. Heoauuna',
M.H. Ipoxapens’, I.B. Enucees’

! Tuopomemeoponozuueckuii Hay4HO-UCCAEO08AMENbCKUL YEHMP
Poccuiicrkou @edepayuu, 2. Mockea, Poccusi;
2 Pecnybnukanckuti yenmp no 2u0poMemeoporouu, KOHmMpoo paduoaKmugHo20
3a2pASHEHUs. U MOHUMOPUH2Y OKpycaroujell cpeovt (benzuopomem),
2. Munck, Pecnyonuxa benapyco;
3 Mockoeckuii 2ocydapcmeennviii ynusepcumem umenu M. B. Jlomonocoea,
2. Mockea, Poccus

PaccmarpuBarotcs pe3ysbTaThl paboT 110 CO3/IaHUIO IPOAYKTOB CHCTEM HETHIpOCTa-
THUYECKOT0 KPaTKOCPOYHOro yucieHHoro nporro3a moroasl (UITIT) B I'mapomerienTpe
Poccun — COSMO-RuBy ¢ miarom BbMHCIHTENBHON ceTKU 2,2 KM U B benruapomere —
WRF-ARW c marom cetku 3 kM. BaxHbIMU pe3ysibTaTaMu SIBJSIFOTCSI OpraHu3anus 00-
MeHa YHHU(DHULIUPOBAHHOW MPOIYKIMEH MEXIy CTpaHaMHu U co3faHue B ['MapoMeTIeHTpe
Poccun nByx TexHOIOTHH IS MONydeHHS OOBEAWHEHHOTO MPOAYKTa: aHCaMOJIEBOTO
JIATUPOBAHHOTO MPOTHO32 U CHCTEMbI KOMIUIEKCHON KOPPEKIIHU PE3yJIETATOB MOACIHPO-
BaHMs Ha OCHOBE MalIMHHOTO 00yueHus. Ha ocHOBe 0OpaTHOI CBSI3U C MPOTHO3UCTAMH
obenx ctpan B ['mapomerneHtpe Poccun co3nman crnienuain3upoBaHHblid MHTepHET-CailT,
obecrieunBaromuil yao0Hy0 paboTy mporHo3uctoB ¢ pesyiabratamu COSMO-RuBy u
o0beAMHEHHBIMU TIpoayKTamu. B benaruapomere peanu3oBaHbl CUCTEMbI COBMECTHOM
BU3yanu3auuu u Bepudukanun pesynpsraroB COSMO-RuBy 1 WRF-ARW.

Kniouesvie cnosa: 9uCcIeHHBII TPOTHO3 IOTOIBI, AaHCAMOJIEBBII IPOTHO3, BU3yaIH3a-
L¥sI, MAIIMHHOE O0y4eHHe
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Forming of the products of non-hydrostatic modelling
systems for short-range weather prediction
COSMO-RuBy (Hydrometcentre of Russia)

u WRF-ARW (Belhydromet)

LA. Rozinkina'?, G.S. Rivin'3, R.N. Burak? E.D. Astakhova’,
Yu.V. Alferov', D.V. Blinov', Ph.L. Bykov', D.V. Vaskova',
V.A. Volkova', E.V. Vorob’eva', P.O. Zayko®, I.1. Zhabina',

A.Yu. Nedachina', M.I. Prockharenya’, G.V. Eliseev’

1 Hydrometeorological Research Center of Russian Federation, Moscow, Russia;
2 Center of Hydrometeorology, Radioactive Contamination and Environmental Monitoring
of the Republic of Belarus, Minsk, Republic of Belarus;
3 Lomonosov Moscow State University, Moscow, Russia

The paper considers the results of activities on the development of output products
for the non-hydrostatic short-range numerical weather prediction systems: COSMO-
RuBy with a grid spacing of 2.2 km at the Hydrometcentre of Russia and WRF-ARW
with a grid spacing of 3 km in Belhydromet. The important results of the activities are
the organization of the exchange of unified products between the countries and the de-
velopment at the Hydrometcentre of Russia of two technologies for obtaining the unified
products: the multi-model lagged ensemble system and the system for the complex cor-
rection based on machine learning of model results. A specialized web-site providing
convenient work of forecasters with the COSMO-RuByY results and unified products was
created at the Hydrometcentre of Russia based on the feedback from forecasters. The sys-
tems of common visualization and verification of COSMO-RuBy and WRF-ARW results
are implemented in Belhydromet.

Keywords: numerical weather prediction, ensemble forecasting, visualization,
machine learning

BBenenue

Baxnoii obnacteio corpyaandectBa Poccuiickoit @enepannu u Pecmy6-
muku benmapych B chepe ruapomereoposioruu 6osiee 20 JIeT SBISIETCS ydacThe
B mporpammax Cotroznoro rocynapcrsa. C 2017 roja BeImonHAeTCS IporpaMmma
«Pa3BuTHe cucTeMbl THIPOMETEOPOIOTHIecKoi O6e3onacHocTi COO3HOTO To-
cynapctBa» Ha 2017-2021 roxs! (nanee — [Iporpamma). B pamkax 1-ro mepo-
mpusitasa [Iporpammer «lloBrIIeHne KadyecTBa THAPOMETEOPOTIOTHIECKUX TTPO-
THO30B W OOHApy>KEHHsI OMAacCHBIX THAPOMETECOPOJOTHUECKUX SBICHHUN)» BBI-
MIOJTHSAOTCS PabOTHI MO PAa3BUTHIO HETHAPOCTATHYECKOTO MOAEITUPOBAHUS
aTMOC(EepHBIX MPOIECCOB B PETHOHAIBHOM MacIiTade ¢ BBICOKOH MPOCTpaH-
CTBEHHOU Y BPEMEHHOM JieTaau3aluei.

B Poccuiickoiit ®enepanyu (PI'BY «'mapomernentp Poccun») u B Pec-
myoimke bemapych (I'Y «PecmyOnmukaHCKUE LEHTP IO THAPOMETEOPOJIOTHH,
KOHTPOJIIO PaJAMOaKTUBHOTO 3arpsA3HEHUS U MOHHUTOPHMHIY OKpY’Kalollei cpe-
IOb», nanee benruapomer) cozmanbl KOHQHUTypauuu (BEpCHUH) HETHIPOCTATH-
YECKUX MEe30MAacIITa0HBIX MOAeNeil aTMochepsl BRICOKOW AeTaTn3allim, aiar-
TUPOBAaHHBIE I KPATKOCPOYHOTO MPOTHO3UPOBAHHS IOTOIBI MO0 TEPPUTOPUHU
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PecniyOnuku benapyce u 3amagnoit wactu Poccuiickoit @enepannu. Cucrema
HETUAPOCTATUYIECKOTO YUCICHHOTO Tporuo3a ['mapomerientpa Poccun (Mo-
nenb COSMO-RuBy) Obuta co3maHa Ha OCHOBE HETMIPOCTATHYECKOW Me30-
macmrabHoit Momermn COSMO-Ru [5], sBastomielicss HaIMOHAIBHBIM BapHaH-
tom w™moxenn COSMO, pa3BuBaeMOil OJHOMMEHHBIM MEXKIYHAPOIHBIM
koHcopimymom COSMO (Consortium for Small-scale atmospheric Modeling,
caiiT: www.cosmo-model.org), wieHoM koToporo siisercst Poccuiickas ®ene-
pamus [4]. IIporpammusiii komruiekce Mogenun COSMO s dexTrBHO UCTIONB3Y-
€T CYNECPKOMITBIOTEPHBIE BBIYHCIUTENBHBIE PECYPChl, YTO 00ECIeYnBacT
JOCTaTOYHO OBICTPHIA ONEpPaTHBHBIA CYET C BHICOKHM pa3pelieHrueM il 00-
IMpHBIX TeppuTopuil. Bepcus benruapomera Oblia co3gaHa Ha OCHOBE ME30-
MacmTabHoi Mogenn WRF-ARW [https:/www2.mmm.ucar.edu/wrf/users/].

Oo6sactu  niporHozupoBanus wmognener COSMO-RuBy u WRF-ARW
MIpe/ICTaBIEHbI Ha puc. 1.

Puc. 1. O6nactu nporHosnposaHns COSMO-RuBy N'mapomeTueHTpa Poccum
(BbligeneHa xxenton nuHuen), WRF-ARW BenrngpomeTa (BblgeneHa kpacHom
nuHuen) n obnactbe GOpMUPOBaHUS NPOAYKLMU ANst B3aMMHOro obmeHa
(BblOEneHa cuHen NUHNEN).

Fig. 1. Domains of COSMO-RuBy, Hydrometcenter of Russia (yellow con-
tour); WRF-ARW, Belhydromet (red) and common area for exchanges of
modelling results between Hydrometcenter of Russia and Belhydromet (blue).
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CormnacoBanHas co crnenuainucramMu benruapomera 001acTh BBIYMCICHUI
monemn COSMO-RuBy oxBateiBaeT Tepputoputo PecmyOmmku bemapycs,
3anan u ueHtp EBponeiickoil Tepputopun Poccuu u psig npuiieratoniux peruo-
HOB. [Ipu 3TOM yuuTBIBaNOCH, YTO AJIs1 MporHo3uctoB PecnyOnuku bemapych
aKTyaJbHEe O0Ka3aJloCh BKIIOUCHHE OoJiee 3amaJHbIX PErHOHOB, a JUIS IPOTHO-
3WCTOB 3alaJIHbIX PEerHoHoB Poccum — ceBepo-3amafHbIX M IOKHBIX. 3a CUeT
peanu3anyy COTJIacOBaHHOW OONACTH MPOTHO3MPOBAHMSA, MPOAYKLHUS MOJAEIH
COSMO-RuBy okazanacs BocTpeOOBaHHBIM HH(POPMALIMOHHBIM PECYPCOM IS
cuHontukoB Pocrunpomera u benruapomera. Ilpu 3tom cunontuku Pocrun-
pomera ucnonb3yoT npoaykunto COSMO-RuBy He Tonbko A7l MPOTHO3UPO-
BaHM MOTOABI 1O coceAcTBYOmUM ¢ PecriyOnukoit benapyce LlenTpansHomy
u CeBepo-3amagHoMy GdeaepalbHbIM OKpyTaM, HO Takke mo FOkHoMy W da-
ctruyHo [IpuBomKCKOMY (hesepabHBIM OKpYyTaM.

Ha puc. 1 Taxxe mpeacrasieHa BblIeNeHHas CHHEH THHUEH 00nacTh, s
KOTOpO# TIpou3BoauTCs oOMeH mHpopmanuet Mmexay benruapomerom n ['ma-
pomeTtrieHTpoM Poccuu, HeoOXOAMMBIA IS OO0benWHEHUs (KOMIUIEKCHPOBa-
HUs) nporHoctudyeckor mpoxykuuu moxene COSMO-RuBy u WRF-ARW.
OOMeH MPOTHOCTHYECKUMMHU JAaHHBIMH Mexay benrnapomerom u Pocruagpome-
ToM BegeTcsl HaumHas ¢ IV kBapranma 2020 roma depes ftp-cepBep B dopmare
GRIB1. Croponsl oOMeHMBatoTCsl MH(OpMannei, BHIYMCIEHHON MO Hadaib-
HbIM cpokam 00.00 u 12.00 ¥ BCB. ns ¢popMupoBaHHUsS COBMECTHBIX MPOAYK-
ToB B ['mapomerieHntpe Poccuu HCHONB3YHOTCA pPe3yJIbTaThl BBIYHUCICHUN
COSMO-RuBy no HaganpabM gaaHHBIM 110 cpokam 00, 06, 12 u 18 1 BCB.

1. KpaTkoe onucaHue HOBBIX TeXHOJIOT U
YHCJIEHHOI'0 IPOrHO3UPOBAHUSA U BU3yaTU3aLlHU
I'mppomeruentpa Poceun u bearugpomera

Cuctema mporHosupoBanuss COSMO-RuBy co3gana cneunamucramu
TI'mapomeTtnienTpa Poccuu B pamkax BoinonHeHus [Iporpammel B iepuog ¢ 2017
no 2019 rox. OCHOBHbIE XapaKTEPUCTUKHU CUCTEMbI NPOTHO3HPOBAHUA: HC-
MIOJIE3YETCSl «CABUHYTas cepuieckas cucTeMa KOopauHaT [4], mar pacder-
HOM CETKHU COCTaBJseT 2,2 KM; MPOAYKIMS BBIITYCKAETCS YEThIPE paza B CyTKU
10 HaYaNbHBIM AaHHBIM 3a cpoku 00, 06, 12 n 18 v BCB u Bkmouaet B rpadu-
Yeckux (popMaTax MPOrHOCTUYECKUE KapThl METEOPOIOTHYECKUX MOJeH, Me-
TEOTPaMMEI, adpPOJIOTHUECKUE AMArpaMMBbL;, U(poBast MPOIYKIUS KOAUPYETCS
B (popmare GRIB2; B pamMkax TEXHOJIOTHH IPOHW3BOAMUTCS TOTIOTHUTEIBHOE
YCBOEHHUE JAHHBIX CHHONTHYECKOIN CETH U CETH NOIIEPOBCKUX METEOPOJIOTH-
yeckux panuosiokatopos (JJMPJI).

Havanbusle mons u naHHele Ha rpanunax ans monenn COSMO-RuBy
dbopmupyroTcs ¢ ucnonb3oBanueM mnpoaykiuu moxenu COSMO-Ru6ENA
c Oonee TpyObIM paspemieHHeM (IIar pacyeTHOH ceTku 6.6 km). Mogenb
COSMO-Ru6ENA ¢ 2018 roma OQYHKIIMOHHpPYET Ha CYIEPKOMIIBIOTEpE
CRAY «Pocrumpomer». Konpurypamus COSMO-Ru6ENA wumeer obmacthb
IIPOTHO3UPOBAHUS, OXBaTHIBAMIIYIO BCIO Tepputopuio Poccum m oOmmMpHBIE
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MIPWJIETAIONIUE PErHOHBI [S]; mepuoa MpOorHo3upoBaHHUa Moaenu — a0 120 4ga-
coB. Cormnacuo pemenuto [IMKII ot 11 mapta 2021 r., manHas cucTemMa peKko-
MEH/IOBaHa B KaueCTBE OCHOBHOT'O METOJa YHCIEHHOTO KPaTKOCPOYHOTO Mpo-
FHO3a IOroAsl JUId HPOTHOCTHYECKMX opraHmsauuii  Pocruapomera.
WNudopmarus Ha rpaHuniax u HadaabHbIe ot mist Moaemn COSMO-Ru6ENA
nocTynaioT B PocruapoMeT u3 cucteMsl T00aapHOTO MoAenupoBanus Hemer-
KOH CITy»OBI TTOTOJIbI B COOTBETCTBHH ¢ ycTaBoM Koucoprmyma COSMO. O6e
koHpurypamuu mMozgenn (COSMO-RuBy u COSMO-Ru6ENA) ¢dynkunonu-
PYIOT B paMKax eIrHOH TexHonoruueckoit cucreMbl COSMO-Ru.

Pesymprater ombiTHON dkcmuryatanmmn COSMO-RuBy cBumerenscTBYIOT
0 BBICOKOH HAaJeKHOCTH MPOTHO3MPOBAHHS SIBJICHUI MOroAsl Ha Onmvkalinme
CYTKH, B TOM YHCJIC — C IPUMEHEHNUEM CIELUAIBHBIX MHIEKCOB, XapaKTepHu3y-
IOLINX CTENEHb YTPO3 OMACHBIX SBJICHUN KOHBEKTUBHOW MPHUPOJABI — I'PO3, Tpa-
J1a, TOPHIBOB BETPA, CHIIBHBIX OCAJKOB.

Jlns Bu3yanuzanum u npeacrasiaeHus napopmaruu cuctembl COSMO-Ru
B I'mapomeruentpe Poccun co3maH chnenualn3upOBAHHBIM HHTEPHET-CANT
(c aBTOpH30BaHHBIM JOCTYIIOM), Ha KOTOPOM pasMmeraercs rpaduieckas mpo-
nykiust cuctembl COSMO-RuBy, npoaykiust [pyrux KOMIIOHEHT MPOTHOCTH-
yeckoil cuctemel COSMO-Ru, a Taxke o0bequHeHHas aHCaMOieBasi MPOIyK-
OUsl  CHUCTEM  HETHAPOCTAaTHYECKOI0  MOJEIMpPOBaHUS  00eux  CTpad,
(https://u2019.meteoinfo.ru/services/belarus/index.php), paccmarpuBaecmas B
JanpHeHmux pasnenax. [Ipu pazpaboTke caiiTa yduTBIBaiICS ONBIT U PEKOMEH-
Januu nporHo3uctoB benruapomera u 'mapomerunentpa Poccun. C ydetom
9THX PEKOMEHAAlNi OBbLT peajn30BaH JABYXOKOHHBIH MHTep(elic mpeacrasie-
HUAS WHQOPMAITHH, TTO3BOJIIONINA CHHONITHKAM 3 ¢eKkTrBHEE B OBICTpee aHa-
IM3UpoBaTh Oosbne o0beMbl MHGOpManuu. [IpuMepsl MpeacTaBIeHUS WH-
(opmanuu Ha caiiTe pUBEAEHBI Ha pUC. 2.

B BepxHeli acTu pHcyHKa IpeJCTaBlieHa CTapToBas CTpaHHUIA (cleBa) U
KapTa AJs Bcel OOJIaCTH BBIYMCICHHH MPOTHO3a AJS TEMIEpaTyphl BO3AyXa
(cmipaBa). B HuKHEl yacTu pUCYHKa B KayecTBE IIpUMeEpa MIpeCTaBIeHa CTpa-
HUIIa, BKIIOYAOIIas KapTy MPOTHO30B MOPHIBOB BeTpa (JIE€BOE «OKHO») U MPO-
THOCTHYECKas a3pOJIOTHUecKasi fuarpaMma (IpaBoe «OKHO»).

B benruapomere Oblina peann3oBaHa MPOrHOCTUYECKAs cUcTeMa OJIM3KOro
kiacca Ha ocHoBe Monenn WRF-ARW. PeanuzoBannas B benrunpomere KoH-
(uryparus moryuriia HauMeHoBaHue «pabodas Bepcust WRF-ARW». OcHog-
HBI€ XapaKTEPUCTHKH 3TOW CHUCTEMbI NPOTHO3MPOBAHHUS: HUCIONB3YETCs pac-
YyeTHas ceTKa B mpoekuuu JlamOepra, mar pacueTHOM CETKH COCTaBISET 3 KM;
IIPOAYKIMS BBITYCKaeTCs ABA pa3a B CYTKH IO CPOKAaM HAauyaJIbHBIX JAHHBIX
00u 12 4 BCB.

Brerancnenns no padoueii Bepcun WRF-ARW nponsBoasTes ¢ HCIOIb30-
BaHMEM HaYaJbHBIX U OOKOBBIX YCJIOBHUH, MONYy4aeMbIX 1O KOH(PUTYpaLul MO-
nemn WRF-ARW ¢ marom pacuerHoii cetku 15 kM i 6oiee KpymHOU o0uia-
CTH IPOTHO3a, B CBOIO O4YEpelb HCIOJB3YHOINEH B KauyecTBE HAdalbHBIX
JaHHBIX M JAHHBIX Ha IpaHHULaxX o0JacTH MPOrHO3a Pe3yJbTaThl INI00ATEHOTO
mozaenupoBanusi NCEP.
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c MEPOMETUEHTR POCCIN
= rrPoaHo

Puc. 2. CtpaHuubl canTa, Ha KOTOPOM MpeAcTaBrneHa NpoayKuusa Moaenu
COSMO-RuBYy.
Fig. 2. Examples of pages of the site with COSMO-RuBYy products.

Crnenmanuctamu  benruapomera ans  co3maHus —paboded  Bepcuu
WRF-ARW 06511 BEINOJIHEH sl HACTPOEK I POPMUPOBAHUS HEOOXO0IUMOTO
paiioHa MPOrHO3MPOBAHUs, a TAKXKe IIPOU3BEACH BHIOOP CXeM MapaMeTpu3alui
(hM3uIecKuX MPOIeccoB B atMocepe IS aanTallid K OCOOCHHOCTSIM TeppH-
TOPUU MPOTHO3UPOBAHMUSL.

IIponykuuss Paboueili BepcuM BU3yalU3HPYETCsl C IOMOLIBIO IIaKeTa
GrADS B Buae MereorpamMm, a3pojaorHdecKuxX IuarpaMmm, KapT, 4acTb IPOAYK-
MU pasMeriaercs Ha caite https://www.meteoinfo.by/wrf3/ (puc. 3).

Hudposas npoaykuus Paboueit Bepcun xoaupyercst B ¢popmare GRIBI.
Psan nponyxros Paboueit Bepcun WRF-ARW Buzyanusupyrorcs Takke B BUIE
KapTa-cxeMm, Ta0mul, rpadgukoB Ha ocHoBe APM cHHONTHKa-TIPOTHO3UCTA,
pa3paboTaHHOrO cHendanucTaMu benruapomera ¥ (QyHKIHOHHPYIOLIETO B
MIPOTHOCTHYECKUX MonpasnesneHusx. [lpu co3nannm BU3yaan3upoOBaHHBIX IPO-
IOYKTOB CIIELMaIMCThl beiaruapomera MpUMEHWIM PSAA BAXKHBIX C METOAUYE-
CKOIl TOYKM 3PEHHS NMPUEMOB, OOJIETHaIOUINX HMHTEPIPETALUIO Pe3yIbTaTOB.
Hanpumep, nporaoctudeckue KapThl psizia apaMeTpoB COMPOBOXKIAIOTCS TA0-
JMLAMH COOTBETCTBUS. B wacTHOCTH, 17151 0TOOpakaeMbIX Ha KapTax 3HAYCHUH
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PaAMOJIOKAlIMOHHON OTPa)Ka€MOCTH IPUBEIEHBI COOTBETCTBYIOIINE 3HAUEHUSAM
OTpaKaeMOCTH Hau0oJiee BEPOSITHBIE SIBICHHUS IOIOAbI U UX MHTEHCUBHOCTD,
a 3HaYEHUSAM BBICOTHI HYJIEBOM H30TEPMBI — pa3jM4HbIC I'PAaJallid XapaKTepu-
CTHK ()a30BOT0 COCTaBa OCAIKOB.

lponno b

Tporsos BLCOTH MYACHOR HAOTCPMB,
ﬂé\[la(-ld!]ﬂ]‘f.\ aapnenna

na 03 CTH 26.10.2021
0o pex. gauusu sa 00 CUB 2510 2021

Puc. 3. Mpumepsl npoaykunm Paboyven sepcun WRF-ARW BenrngpomeTta
(https://www.meteoinfo.by/wrf3/): ceepxy — kapTbl NPOrHO30B paguonokauu-
OHHOW OTpaXaemocCTu (CrieBa), BbICOTbl HYNEBOW N30TEPMbI (CrpaBa); BHU3Y —
MeTeorpamma ans r. FpoaHo.

Fid. 3. Examples of products of WRF-ARW of BelHydromet
(https://www.meteoinfo.by/wrf3/): Top: forecast charts of radar reflectivity
(left) and of zero isotherm (right), bottom: Meteogramme for Grodno.
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bnuskuit knacc nmporHoctuueckux Mozenei ['mapomernentpa Poccuun u
benruapometa, pa3nudarOMIUXCs aNITOPUTMHIESCKIM HAITOJTHEHHEM W WCTOYHU-
KaMH HadaJdbHBIX JAHHBIX, CO3MaJl MPEIMOCHUIKA ISl BO3MOXKHOTO 00beIuHE-
HUS (KOMIUTIEKCHPOBAHUS) MPOMYKIIUU I3THX MOJeNell mo o0Iel obmacTu BbI-
qucienui (cM. puc. 1).

Takoe oO6bequHEHNE TTO3BOJISIET PACCYUTHIBATh HA TOBHIIICHUE HAJIEKHO-
CTH MPOTHO3UMPOBaHUS, & TAKXKE O0CCIICUYMBACT MOJYyUYEHHE MPOrHOCTHYECKOM
MIPOJYKIIMK B BEPOSTHOCTHOH (hopMme, T. €. BaxKHON WHGOpMAIK 00 anmpuop-
HOM HEOTPEeIEeIICHHOCTH TPOTrHO30B. KoMIurekcupoBaHue MPOIYKIIMA 00enx
MOJIEJICH TaKKe MOXKET CHU3UTh PUCKH ONMIUOOK JIETCPMUHUPOBAHHBIX IMPOTHO-
30B, O0YCIIOBIIEHHBIX MPUOIMKEHUSIMH YHCICHHOTO MOJIEIIMPOBAaHUS M CTOXa-
CTHIECKOU MPUPO0A aTMOCHEPHBIX MIPOIIECCOB.

2. Co3nanMe TeXHOJOTHH UIA MOJIYYeHHs
00beINHEHHBIX POAYKTOB

OObenuHeHne NpOAyKUWH, Bbimyckaemor cucremamu YIIIT COSMO-
RuBy (T'mmpometnentp Poccun) 1 WRF-ARW (Benrunpomer) morpedoBaio
pelIeHus pa/la METOANYECKUX U TEXHOJOTHYECKHUX BOMIPOCOB.

VYka3aHHbIE MOJIENH MMEIOT PA3JIMYHBIE OOJACTH BBIYUCICHHUH, Pa3HYIO
TOMOrpa)MuecKyr0 OCHOBY, Pa3jIMYalOTCs LIArOM PACUETHBIX CETOK, MMEIOT
pa3HbIe periiaMeHThl BBITTycKa U (popMaThl KoxupoBaHus npoaykiun. O6macts
BBIMHCIeHUN benruapomera HECKOIBKO OOJbIe pacpoCTpaHeHa Ha 3amal, a
Pocruapomera — Ha BOCTOK, IpH 3TOM IOJABJIAIONIAd YacTh obnactu Paboueit
Bepcun WRF-ARW naxoaurcs BHyTpu ntomena COSMO-RuBy (cwm. puc. 1).

B 2019 rony cneunanuctamu ['mppomeruentpa Poccun u bearuapomera
OblIa coryracoBana oOmasi 00JacTh MPOTHO3UPOBAHUS T 0OMEHa, B KOTOPOi
MIPOU3BOAUTCS MHTEPIOALUS Pe3yIbTaTOB MPOTHO3UPOBAHUS MO ABYM MOJie-
JSIM Ha €UHYIO TeoTrpaduuecKyro IIUPOTHO-IOITOTHYIO CETKY BBHICOKOTO TPO-
CTpaHCTBEHHOTo paspemieHus ¢ maroM 0,025°, corimacoBaHO HCHOIB30BaHUE
U1 Komuposaaus npoayknun hopmara GRIB1, peannzoBan oOMeH pe3yibra-
tTamu nporunosa depe3 cepeep ['BL] Pocruapomera (Ha ocHoBanuu ftp mpoTo-
KOJa) Ha IIMPOTHO-IONTOTHOW ceTke ¢ maroM 0.025° (opueHTHPOBOYHBIM
oovemoM 4 I'0 B cyTkn).

Juig opraHW3amyu B3aUMHOTO OOMEHa W [NalbHEUIIero OO0bEeIUHEHHS
(xomrIutekcupoBanusi) WHGOOPMAITMK B MPOTHOCTHYECKHE CHCTEMBI [ mapomer-
neHTpa Poccun m benruapomera moHaA00MIOCH BKITIOYHUTEH JTOTIOTHHUTETHHBIE
IIPOIIECCHI, KOTOPEIE ITPEeICTaBIeHbI B Ta0I. 1.

Taxxe Obuta corjlacoBaHa HOMEHKJIATypa IepelaBaeMoOd IpOTyKIUH,
BKJTIOYAIOLIAs BCE KIIIOUEBBIE METEOPOJIOTHYECKHE MapaMeTphl, He0OOX0AUMBIE
IUTSL KPATKOCPOYHOTO MPOTHO3a 3IIEMEHTOB IPU3EMHOM MTOTO/IBI.
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Ta6bnuua 1. XapakTepUCTUKN HOBbIX TEXHONOMMYECKUX MPOLLECCOB
ANns opraHusauumn B3anmHoro obmera npoaykumen Y
Table 1. The new technological processes for non-hydrostatic NWP product

exchanges

[o6GaBneHHbIN
TeXHONOrM4Yeckmumn
npouecc

TexHonorus COSMO-RuBy

TexHonorna WRF- ARW

Mopaudukaumm B TEXHONOTUU BbIYMUCIIEHWUA U (hOPMUPOBAHUSA pe3yribTaToB

Meproan4HOCTb [ns kaxxgoro ceaHca cyeta [ns kaxgoro ceaHca cyeta
4 pasa B cyTku. LLar 1 yac 2 pasa B cyTku. Lar 1 yac

Packoauposanune | V13 daiinos GRIB2 no scei M3 gparinoes GRIB1 no Bcen
obnacTu BblYMCNEHWN o6nacTu BblUCIEHUIA

OT160p Mo koopaMHaTam corracoBaHHOrO permoHa

pesynbLTaToB Mo CornacoBaHHOW HOMEHKNAaType

MOJENMPOBaHMs

NHTepnonsums C BbIYMCNIMTENBHON CETKM MOAENW Ha COrMacoBaHHy0
LUMPOTHO-AoNroTHYyt ceTky 0.025°%0.025°

dopmMmpoBaHue 3anuck B 6a3y AaHHbIX dopmuposanne GRIB1 3

pesynbLTaToB M'opomeTueHTpa Poccumn MaccuBoB 0TOGPaHHON

npoayKumm

U3meHeHUs B cuctemax nepegavv-gaHHbIX. OTnpaBKa AAaHHbIX

MepnoanyHocTb

Mo mepe roTOBHOCTU NPOAYK-
uuun, 2 pasa B CyTKW, He Nno3a-
Hee 051 19 4 BCB

Mo mepe roToBHOCTU NPOAYK-
unn 2 pasa B CyTKH,
He no3agHee 07 n 21 4 BCB

VICTOYHMK OaHHbIX

Bba3sbl AaHHbIX
M'apomeTueHTpa Poccumn

dopmumpoBaHue B npoLecce
cyeTa

KogupoBaHue dopmat GRIB1 BbinonHeHo Ha aTtane
hopMUpOBaHNS pesynbTaToB

PaamelyeHue Ha ftp cepepe ®I'BY «I'BLI Pocrngpometa»

npoayKumu

U3meHeHUs B cuctemax nepepavun-gaHHbix. MonyvyeHne aaHHbIX

Meprnoan4HoCTb, 2 pa3sa B CyTKu, 2 pasa B CyTKu,

BpeMsi no Mepe NocTynneHus no mMepe nocTynneHus
NcTouHmk ftp-cepsep ®I'BY «IBL| Pocrugpometa»
npoAyKUMmn

PackogunpoBaHue PackoanpoaHue ns GRIB1

Pa3wvelueHve B nonb3oBaTenbckux 6asax B nonb3oBaTtenbckux 6asax

AaHHbIX TnapomMeTueHTpa
Poccun

OaHHbIX BenrmaopomeTta
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3. Co3nanue 00beIMHEHHBIX NPOAYKTOB B bearuapomere
u 'mapomeruentpe Poccnn

3.1. TexHoJiorusi BU3yajJbHOM KOMILJIEKCAUMM U Bepupuramumn
Bbearugpomera

B benrunpomere mocrynaroniue u3 [ 'mapomeriienTpa Poccun mmudpoBeie

JaHHbIe OBUTM BKIIOYEHBI B CHUCTeMy Bm3yaimsanuu B APM cuHONTHKA-
nporHo3ucrta bexruapomera B Buae kapt, Tadbnuu, rpadukoB. beiia BeImogHe-
Ha paboTa MO MHTEPHOJSILMU JaHHBIX B IyHKTHI MeTeocTaHuui PecmyOmuku
benmapycs 151 IpencTaBieHNs UX HA KapTa-CXeME COTIIaCHO ITyaHCOHY HaHOCKH

(mpumep Ha puc. 4).
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Puc. 4. Npumep kapTbl ¢ HaHOCKoW AndA nyHkToB Pecnybnuku Benapycb
NPOrHOCTUYECKNX 3HAYEHMIN MeTeonapaMeTpoB, PACCYUTaHHBIX MO ABYM
Moaensim. B nyaHcoHe nyHKTa B KOJNOHKE crieBa: pe3yrnbTaTbl Mogenu
WRF-ARW, cnpasa: mogenu COSMO-RuBY.

Fig. 4. Example of mapped forecast values for points of Belarus by WRF-ARW
(left columns) and COSMO-RuBY (right columns).

Takue KapThbl MO3BOJIAIFOT CUHONTUKY OAHOBPEMCEHHO BUACTH PE3YJIbTAThI

MIPOTHO3UPOBAHMS IO JIBYM MOJEISIM, aHATU3UPOBATh pa3dpoc B MPOTHOCTHYE-
CKUX 3HAQYCHUSAX PA3TUYHBIX METCOMApaMeTPOB, YTO 0COOCHHO Ba)KHO B CITyda-
sIX OBICTPBIX M3MEHEHUIl MOTr0JIbl, OIIEHUTh CTEIIeHb YIpo3 M HEOIpPeIeIIeHHO-
CTe IIpH MPOTHO3UPOBAHNHN OBICTPOPA3BUBAIOIINXCS OTIACHBIX SBICHUN.
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Ha puc. 5 mpexncrasiena Bu3yaiu3alusi BpeMEHHOTO X0Ja MPOTHOCTHYE-
CKMX W ()aKTHUECKHX 3HAYCHHH CyMM OCaIKOB 3a 12 4acoB (ITOJyCyTOUYHBIX)
U TEMIIepaTypsl AJIsl BRIOPAHHOTO MYHKTa (METEOCTAHIIMHN) JUIsl IBYX MOJETICH.

Yucaernii NPOrHO3 No MCX akHbiIM 33 05.05.2021 00UTC
Miwcx.

NonycyTourse 0CaaKu

0 |
¥%.05.201 12 06.05.2021 00 2 07.05.2021

Temnepanypa

05.052021 6 12 18 06.05.2021 00 [ 12 18 07.05.2021 00

[+-WRF 15 ¢ Cosmo +0axr. |

Puc. 5. Mpumep BM3yanusaumm BpEMEHHOIO X04a NPOrHOCTUYECKUX U haKTU-
YeCKUX 3HAYeHMI NONYCYTOYHbLIX OCaAKOB U TeMMepaTypbl ANs BbiGpaHHOro
nyHKTa (MeTeocTaHummn). TeMHO-3eneHbIM LBETOM 0603Ha4YeHa NpoayKumus
Pabouen Bepcun WRF-ARW, cBeTno-3eneHbIM LBETOM — MPOAYKUNST MOLENMN
COSMO-RuBY, KpacHbIM LBETOM — JaHHbIE U3MEPEHWI B MyHKTaX METEO-
CTaHLUMN.

Fig. 5. Example of visualization of forecast and measured values of 12h-
precipitation sums and 2m temperatures. Dark green: forecasts of WRF-ARW
of Belhydrmet, light-green: forecasts of COSMO-RuBYy of Hyrometcenter of
Russia, red: observations.

[TomuMo 3TOrO, OBUIA PACIIMPEHA CHCTEMa BBIYMCICHHUS OLCHOK YCIICI-
HOCTH TIPOTHO30B C IPHUMEHEHHUEM PaCcIpOCTPaHIEMOro Ha O€3BO3ME3IHOM Oc-
Hoe makera MET (Model Evalution Tools) [https://dtcenter.org/community-
code/model-evaluation-tools-met] nna oGecriedeHus] CPaBHUTETBLHOTO MOHHUTO-
pHHra yCIHEIIHOCTH MPOrHO30B METEONapaMeTpoB Y 3eMHO# TTOBEPXHOCTH.

3.2. Co3nanue 00beIMHEHHBIX MPOAYKTOB
I'mppomeruentpe Poccun

B I'mapomeriienTpe Poccun Ha OCHOBE MPOTHOCTUYECKOM MPOYKIIMH, TIO-
CTYMAIOIIeH 0T 000MX UCTOYHUKOB, pPeaIi30BaHbl JIBE TEXHOJIOTHH €€ 00he -
HeHUs: 1) JIarMpOBaHHOTO aHCaMOJIEBOTO MPOTHO3a; 2) KOMIUIEKCHOW CTaTH-
CTHYECKO} KOPPEKINHU C MPUMEHEHNEM MAIIHHHOTO 0O0yUJeHUSI.
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3.2.1. TexnoJsiorusi KAHcaMO0JIeBbIii JJArHPOBAHHBIH NPOTrHO3»

TepMuH narupoBaHve B JaHHOM KOHTEKCTE O3HAYaeT MCIOJIb30BaHUE
MIPOTHO30B, BBIYUCIECHHBIX Ha OJUH M TOT K€ MOMEHT BPEMEHHU OT HECKOJBKUX
MOCIIEIOBATENEHBIX HAYalbHBIX CpPOKOB. Takoe OOBEIUHEHHE BO3MOXKHO
JUTSL TAKAX TIPOTHO30B, Ka4€CTBO KOTOPBIX OCTAeTCs OJM3KMM Ha HEKOTOPOM
UHTEpBayie 3abIaroBpeMeHHOCTeH. [IJIs KpaTKOCPOUHOTO YHUCIEHHOTO MPOTHO-
3a Ha CYTKM BIepel IOMYCTUMO OOBbEAWHEHHE MPOTHO30B, CTApPTOBABLIMX B
12-yacoBOM UHTEpBaJle, NPEIUIECTBYIOIIEM CaMOMYy IOCJIEIHEMY CpPOKY
HayaJbHbIX 1aHHBIX.

Co3pmanHas B paMKax JaHHOTO NPOEKTa CUCTeMa aHCaMOJIEBOrO MPOrHO3a
EPS-RuBy sBnsercs MynbTH-aHaJU3HOH U MyJIbTH-MOJAENbHOHU [9]. B Heil uc-
TTOJTB3YIOTCS TPOTHO3BI 1O ABYM paznudHbiM Monensm: COSMO-RuBy u
WRF-ARW, B KOTOpBIX HCIONB3YIOTCSA pa3iMyHble HadaJbHbIE JaHHbIE (aHa-
nu3el). OHAKO UCTOJIB30BaHME TOJBKO JBYX peaju3allil MporHo3a HeJoCTa-
TOYHO T (PyHKIMOHHPOBaHUS aHcamOieBol cuctembl. [loaTomy ans yBenu-
YeHUsl pa3Mepa aHcamOns B HEro OBbUIM BKIIIOYCHBI TPH ITOCIEIOBATENBHBIX
nporro3a (¢ marom 6 dacoB) mo COSMO-RuBy u aBa mocnemoBaTenbHBIX
nporHo3a (¢ marom 12 gacoB) mo mogemn WRF-ARW, nmMeromux kadecTBo,
COM3MEpPUMOE C KadecTBOM CaMOTO «HOBOTO» TporHo3a. Mroromas cxema
ancam6ns1 EPS-RuBy mnpezncraBnena na puc. 6. MakcumanbHas 3a0naroBpe-
MEHHOCTh aHCaMOJIEBOTO MPOTHO3a MPH TaKOM Toaxoae — 36 dJacoB, pasMep
aHcaMOIst — 5 peanmu3anui.

Homep
peanusauum Bpems '1.2 -l6 0 6. 1‘2 1.8 2:} 39 36 42. 4.8 Yacbl
1 COSMO-RuBy.
2 COSMO-RuBy.
3 COSMO-RuBy
4 WRF
5 WRF
Crapt KoHey,
nporHosa nporHosa

Puc. 6. Cxema popmmpoBaHusa aHcambns EPS-RuBy.
Fig. 6. EPS-RuBYy formation diagram.

HecmoTtps Ha HeOonbIIOi pa3mep aHcaMOIls, JaHHAs pa3paboTka UMeeT
00JIBIIIOE METOMYECKOE 3HAUCHHUE KaK MepBasi TEXHOJIOTHS BBICOKOICTAIEHOTO
KpPaTKOCPOYHOTO aHCaMOJIs MPOTHO30B DJIEMEHTOB IIOTOJIbI, pealli30BaHHas B
Poccun.

B I'mapomernentpe Poccun [uist onTuMHU3anuy pabOThI PU TOCTPOSHUH
aHcaMOIieit ObLT CO3JaH PsiJi ONEPATUBHBIX UKIMYECKUX (€KESTHEBHO OOHOB-
JSIEMBIX) CIEIHATM3UPOBAHHBIX 0a3 JIAHHBIX B PaMKaxX CHCTEMbI aBTOMATH3H-
poBaHHO# 00paboTku uHpopmanmu ['mapomerinentpa Poccun [3]. Ilepedens
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1 XapaKTePUCTHKH METEONapaMeTpOB, MPOTHO3bI KOTOPHIX MOJIEKAT «aHCaAM-
OIMPOBaHUIOY, BKIIIOUYASI UX OCPETHEHHBIE TI0 BCEM pealln3anysM, IIpecTaBiie-
HBI B Ta0JI. 2, a psiJ] pe3yJIbTaTOB COBMECTHOH 00pa0OTKH JIETEPMHHUPOBAHHBIX
MIPOTHO30B — B Tabi. 3. [IpuBeieHHBIE TaONUIIBI PACKPBIBAIOT COCTAB OJTHOW M3
paspaborannbix 6a3 qaHHbX (EPSB) mns GyHKImoOHNpOBaHUS W BBITyCKa MPO-
JIYKITMHM JTaHHON aHCaMOJIEBOI CUCTEMBI.

Kpome mnporHoctuueckux peanm3anuii, B 0a3e COACPKATCS 3HAYCHUS
CpemHHX TO aHcamOIIo, XapaKTepUCTHKH pa30poca MPOrHO30B B aHcaMOIe
Y IPOTHOCTHYECKHUE 3HaUeHHs BepoaTHocTed. CpeqHre mo aHcaMmOIro paccyu-
THIBAIOTCS KaK CpellHee apu(METUICCKOe 3HAUCHUH, MMOJIyYEHHBIX BO BCEX pe-
anmm3anuax ancamb6nsa. Pa3Opoc mporHo3oB B aHcaMmOie orpenensiercs Kak
CpeIHEKBaJAPaTHIECKOE OTKIOHEHHWE OT CpemHero mo ancamoOmio [6]. IIporHo-
CTHYECKHE BEPOSTHOCTH — OTO YHCIIO PealH3aluii, B KOTOPBIX HaOII0AAIOCh
Harepe]] 3a/IaHHOe COOBITHE, NIEICHHOEe Ha pa3mep ancamOus. CoOwiTus, IS
KOTOPBIX ONPEIEISIINCh MPOrHOCTHYECKHE BEPOSITHOCTH, M COOTBETCTBYIOIINE
3a0J1arOBPEMEHHOCTH IPOTHO32a MPEICTABIICHEI B Ta0I. 2.

Ta6nuua 2. CocTtas 6a3bl JaHHbIX: NPOrHOCTUYECKUE peanua3auun U cpeaHne

no aHcamb6nto

Table 2. Content of database: Ensemble members and mean values

MeTeoponoruyeckas Wms B 6a3e gaHHbIX |Pa3mepHocTb, | 3abnaroBpemMeHHOCTb
XapakTepucTuka EPSB (npvmepbl aunanasoH nporHo3a,
ANS MaKCUMasbHOW | 3HauveHwi yacbl
3abnaroBpeMeHHOCTI)
CyMMmapHble 0caKy, B99B036A MM, OT0[0364
aKKyMYIMpOBaHHbIe C 0-2000 c warom 1y
Havarna nporHosa
CyMMapHble ocagku I99B036A MM, 12,18, 24,30, 36 u
(cymma 3a 12 yacos) 0-400
CymmapHble ocaku J99BO36A MM, 24,30, 36 y
(cymma 3a 24 yaca) 0-800
Ocapgku B BUae cHera, X99B036A MM, OT0p0364
aKKyMyNMPOBaHHbIE C 0-2000 (¢ warom 1y
Havarna nporHosa
Ocagku B BUAe cHera S99B036A MM, 12,18, 24,30, 36 u
(cymma 3a 12 yacos) 0-200
TemnepaTypa °C, OT0p0036u
Ha ypoBHE 2 M T99BO36A -120°- +60° |c warom 14
KoMnoHeHTbI ckopocTH U99B036A m/c, OT0pm0364
BeTpa Ha 10 M V99BO036A -127 - +127 | ¢ warom 1 4
[NopbiBbI BETPaA m/c, OT0p0036u
Ha 10 M G99BO3BA 0-127 ¢ warom 1y
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Ta6nuua 3. CocTas 6a3bl faHHbIX EPSB ¢ pesynsTatammn aHcambnesbix
nporHo3oB no cucreme EPS-RuBY: nporHocTuyeckne BeposaTHOCTH
Table 3. Content of database with EPS-RuBY results: forecast probabilities

MeTeoponornyeckas Mms B 6ase gaHHbIX | PasamepHocTb, | 3abnarospe-
XapakTepucTuka (npumepsbl gns aunanasoH MEHHOCTb
pa3nnyHbIX 3abna- 3HaYeHun nporHosa
roBpeMeHHOCTEN)
BepoAaTHOCTb 24-4acoBbIX B24BEXPA %, 24,30, 36 4
CYMM. 0CafKOB (CHer+goxap), 0-100
npesbiwatowmx 1, 10, 20, 50 mm
BepoATHOCTb 12-4acoBbIX CYMM. B12BEXPA %, 12, 18, 24,
0ocafKoB (CHer+aoxab), 0-100 30, 36 4
npesbiwatowmx 1, 10, 20, 50 mm
BepoATHOCTb 12-4acoBbIX CyMM. S12BEXPA % 12, 18, 24,
0cajKoB B BUe CHera, 0-100 30,364
npesbiwatowmx 1, 5, 10, 20 mm
BeposiTHOCTb NOpLIBOB G99BEXPA % OT6 00364
ckopocTy BeTpa Ha 10 M, 0-100 c warom 6 4

npeeblwatowmx 5, 10, 15, 25 m/c

B kauectBe BxomHOW mH(popmanuu st 6a3el EPSB ucnonesytores ne
HEMOCPeNICTBEHHO (aiinbl mporHo3oB B popmarax GRIBI, a cogepxumoe crie-
[IHAJTHFHO CO3MAHHBIX JJIS PEUICHUS dTUX 3a7ad BHyTPeHHUX 0a3 maHHbIX RUS2
u BEL2, uto Goiiee TEXHOJIOTHYHO.

[poraozsr COSMO-RuBy nomanator B 6a3y EPSB cpa3y xe mocne 3a-
nonHenus 6a3pl RUS2 (mpumepno B 2.50 v BCB u 14.50 ¥ BCB 1o ucxonssim
cpokam 00 u 12 9 BCB coOTBETCTBEHHO), T. €. KOTJa IMOSBISIFOTCS COOTBET-
cTByronue mporHo3sl Ha 48 gacos. IIporrossl mo WRF-ARW benruapomera
Oepyrcst u3 6a3bl qanHbix BEL2, ipu 3TOM 0JJHOBpEMEHHO 3alMCHIBAIOTCS JIBE
MIPOTHOCTHYECKUE peanu3anmu 4 (gata Texymas) u 5 (gata 12 wacoB Hazan).
[Iporuossr B 6a3e roroBsl B 6.00 mist cpoka 00 4 u B 18.00 mns cpoka 12 4
BCB.

Pacuer cpeaHux u pa30opocoB B aHcaMmOIle, a TaK)K€ IPOrHOCTUYECKUX Be-
POSITHOCTEW OCYILECTBISETCS OTAENBHOW 3amaueli, 3amyckaemMod uepe3 6 4
30 muH mocie cpoka HabmroaeHud (To ecth B 6.30 mns cpoka 00 4 u B 18.30
g cpoka 12 4 BCB).

3agaya aBTOMAaTHUECKOW MOATOTOBKH KapT C pe3yJIbTaTaMH aHCaMOJIEBOIO
MPOTHO3a 3aIyCKaeTcs depe3 7 4acoB IOCiie cpoka HabOmoaeHus, T. . B 7.00
s cpoka 00 4 u B 19.00 ans cpoka 12 u BCB. 3arem nony4eHHble KapThl aB-
TOMAaTUYECKH MEPEChUIAIOTCS Ha CIELHAIM3UPOBAaHHBINA CalT ¢ MpOAyKLUEH
COSMO-RuBy (cm Bblme), B pazgen  aHCaMOJIEBBIX  IPOTHO30B:
http://u2019.meteoinfo.ru/services/belarus/workspace 1.php?type=ensemble.
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Cucrembl aHCaMOJIEBOTO MIPOTHO3a MPEJOCTABISIFOT OOJIBIIOE KOITHYECTBO
BBIXOAHOHN mponayknun. OCHOBHAsi €€ MPHUBIEKATENbHOCTh — BO3MOYKHOCTB
alnpyvopHO OLIEHUTHL MEPY HOBEPUS K IIPOrHO3Y, YBUAETH Pa3IMYHLIE CLIEHAPUU
pa3BUTHSL COOBITHH, MONYyYUTh BEPOSTHOCTHYIO WHpopmarmioo. Kpome Toro,
CpeaHHe MO aHCaMOJI0 MPOTHO3Bl OOBIYHO OKAa3BIBAIOTCS JIYHUIIETO KadecTBa,
YEM IMPOrHO3bI AETCPMUHUPOBAHHEBIC.

B 10 e Bpems 3a cueT OoJBIIOrO 0O0BeMa aHCAMOJICBON MPOAYKIIUH, €€
TPYJHO aHATU3UPOBAThH 0€3 NCIOIB30BaHMS CIISITUAIBHO pa3paboTaHHBIX GOpM
ee TPEeACTaBICHHSA M TOCIeAyomeil o0pabOTKM TONYYeHHBIX Pe3yIbTaToB
(aHCaMOJIEBOTO TIOCTIPOIIECCHUHTA).

Hwxe mepeunciieHsl BUABI aHCAMOJIEBON MPOTYKITNH, TTOTOTABINBAEMOM
U MPEOCTaBIsAeMON Ha caiiTe. ABTOMaTH3MPOBaHHAas OlepaTHBHAas BU3yaslu-
3aIus MPOBOJIUTCS ¢ UCIIOJb30BaHKeM naketa M3orpad [1].

Kapmur «noumoswix mapoxy («Postage stampsy). Bce nporHossl ancam-
01151, IpeZicTaBIeHHbIE HA OAHOM KapTe. JlONOJIHUTENBHO HAa TaKUX KapTax Jo-
0aBJIeHO TOJIe CPEeIHETo Mo aHcaMOo. J{JIs KaKI0i MPOrHOCTHYECKOH peanu-
3aluM  aHcaMOJsl Ha JTUKETKax BHU3Y KapT IPHUBOAUTCS HAa3BaHUE
WCTIOJIH30BAHHON MOJIENH, HAaYaJIbHBIA CPOK JETEPMUHHPOBAHHOTO MPOTHO3A U
3a0JIarTOBPEMEHHOCTB 3TOTO MPOTHO3a.

IIpr OTCYTCTBUM HEKOTOPBIX MPOTHOCTHUYECKHX peanu3anuil aHcamoOuns,
BO3HMKAIOLIMX MHOTAA U3-3a HEJOCTAaTOUHON CTaOMIbHOCTU yJaJIeHHOH mepe-
Jlauy JAHHBIX MEXIY IMPOrHOCTHYECKMMH IIEHTpaMM, Ha COOTBETCTBYIOLIEH
MaHeJH BBIBOAUTCS MH(popMalys 00 OTCYTCTBHHU AaHHBIX, @ CPEIHHUE MO pac-
CUMTBIBAIOTCS C MCIOJb30BAHHEM MEHBILETO pa3Mepa aHcamOuisi. Kaprer B
(hopMaTe «IIOYTOBBIX MapOK» NalOT BO3MOXHOCTh YBHAETH paziHUYHbIE BEpoO-
SITHBIE CLICHAPUU Pa3BUTHS METEOPOJIOTHUECKUX mporueccos. [Ipu cocTaBnennn
IIPOTHO3a IPOTHO3UCTAM PEKOMEHAYETCS MEPBOHAYAIBHO C IMOMOIIBIO 3THX
KapT OIpEAEINUTh, A0 Kakoil 3a0JaroBpeMEHHOCTH BCE IIPOTHO3bI aHCaMOJId
ONMU3KM IpYyr K ApYTY, a 3aTeM pPacCMOTPETh BO3MOXKHBIE (ANbTEpHATHBHBIE)
BapUaHTHI [TOCTEAYIOLIETO Pa3BUTHUSI METEOPOJIOTHUECKUX TIPOLIECCOB.

KapThl B popmaTe «IOYTOBBIX MapOK» MPEAOCTABIISIFOTCS ISl TEMIIEPATy-
pBl Ha YpOBHE 2 M, HAKOIUIEHHBIX 3a 6 M 32 12 4 0caaKoB, MOPHIBOB BETpa Ha
ypoBHe 10 M 3a 4ac, nmpeAnecTBYONINI MOMEHTY TiporHo3a. Illar mo 3a6maro-
BPEMEHHOCTH cocTaBisieT 6 dacoB. Ilpumep mporHocTuueckux kaprt B (opme
«TIOYTOBBIX MapoK» MOKa3aH Ha puc. 7.

Kapmur eepossimnocmeti. BeposiTHOCTH B aHCaMOJIEBBIX CUCTEMaX OTIpee-
JSIFOTCSL KaK YUCIIO MPOTHO30B aHCaMOJIsl, B KOTOPBIX COObITHE HaOMI0Janoch,
JieJleHHOoe Ha pa3Mep aHcamOis. Hampumep, ecnu 5 u3 10 mporHo30B aHcamOs
JArOT ocangky BoIIe 20 MM B CYTKH, MBI MOYKEM CKa3aTh, YTO BEPOATHOCTH BBI-
najieHus 3a cyTku 6osee 20 mm ocaakoB coctaBiseT 50 %.

KapTel BeposATHOCTEH TNPENOCTABISIOTCS I COOBITHH «CyMMapHBIC
ocanku 3a 12 gacoB Oomee 1, 10, 20, 50 Mm», «ITOPBIBEI CKOPOCTH BeTpa Ha
ypoae 10 M Goxnee 5, 10, 15, 25 m/c». TlpuMep Takux KapT HpUBEIEH Ha
puc. 8.
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Fig. 8. Example of ensemble forecast (probability maps) for gusts with
thresholds 5 m/s (a), 10 m/s (6), 15 m/s (B), 25 m/s (r).

Tax, 21 anpens nHeMm B 1oro-3amnajaHoi yactu PecnyOsuku benapych npo-
THO3UpOBajiach BeposSTHOCTH cBbie 60-90 % ycuienuil Betpa Oonee 5 m/c,
30-60 % — 6omee 10 m/c, 15-30 % — cBoite 15 m/c TonbKO B paiione bpecra.

B pe3ynsrate B aspomnopty bpecra
10-11 m/c, B Muncke — 7-8 m/c.

OBUTM  3aperHCTPUPOBAHBI  MTOPBIBBI

VauTbiBas TOKaJIbHOCTH HBHGHI/Iﬁ, MOXXHO HMPEANOJIOXUTh O CyIIECTBOBA-

HHM 0oJiee CHUIBHBIX IIOPBIBOB BETpPAa B

OKPECTHOCTAX YKa3aHHBIX METCOCTaH-

uuil. Uadopmanms o cyniecTBOBaHUM MOJOOHBIX YIpO3 BaKHA JAJISl IPOTHO3H-

CTOB.
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3.2.2. TexHoJIOTHSI KOMILIEKCHON CTATHCTHYECKON KOPPeKINHT
¢ MpUMeHeHHeM TeXHUK MAIIMHHOT0 00y4eHus!

B T'mapomernientpe Poccum Obuta paspaboTaHa cucTeMa KOMIUIEKCHOM
CTaTUCTUYECKOM KOPPEKUUH TMPOTHO30B METEONapaMeTpoB B IIyHKTax
C IpUMEHEHHEM MAalIMHHOTO OO0y4YeHHs Ha OCHOBE HEHpOHHBIX ceTeil. Unes
3aKJII04aeTCsl B KOPPEKLUHU IEPBOHAYATIBHBIX MOJEIbHBIX NIPOrHO30B, IIPOUH-
TEPIOIUPOBAHHBIX B MYHKTHl (B KOTOPBIX HPOBOAATCS METEOPOIOTHYECKUE
HaONIONICHNsI), C HCIOJIb30BAaHUEM JaHHBIX HW3MEPEHHH 3a MpeblaylIne
35 gHeit (amrHa meproaa BeIOpaHa dKCIIEPUMEHTATBHO), W TOTYYCHUN Pe3yiIh-
TUPYIOIIETO 00BETUHEHHOT'O IPOIYKTA.

[IpuMeHeHne MoIX0M0B MAIIMHHOTO OOydYeHHs B HACTOsAIIEE BpeMs Bce
aKTHBHEE HCIIOIb3YETCsl U1 KOPPEKLIUH Pe3yIbTaTOB MOJEIbHBIX BBIYUCICHUI
C y4eTOM OMIMOOK MPEIIECTBYIOMIMX MPOTHO30B, yUeTa MECTHBIX 0COOEHHO-
CTeH, MPOCTPAHCTBEHHON HM3MEHYMBOCTH MPOTHO3UPYEMBIX MapaMeTpoB. -
(heKTUBHOCTD JAHHBIX METOJUK KOPPEKIUH IOBBIACTCSA IPU HCIOIb30BAHUI
YHCJICHHBIX MIPOTHO30B PA3IMYHBIX IPOTHOCTHYECKHX CUCTEM.

Jiga 00yyeHHs M TECTUPOBAHUS TEXHOJOTHH MOCTIIPOLIECCHHTa Ha OCHOBE
MAIIMHHOTO OOYYeHUsI, UCTIONB3YEMOH I MIPOTHO30B NPU3EMHBIX METE03JIe-
MeHTOB [2] (manee Texnonorus Post-RuBy), HEoOX0AMMO UMETh apXUB ITHX
MIPOTHO30B 3a MEpHoj He MeHee roaa. Takol apxuB mporHo3oB mo PaGoueit
Bepcun WRF-ARW benruapomera orcyrcrBoBan. [losromy mis oTpaboTku
TEXHOJOTMYECKHX AaCMEKTOB OOYYEHHs HCIOJIb30BAIUCH apXUBBI MPOTHO30B
mozneneir COSMO-RuBy u COSMO-RUENAG6 3a 2019-2020 rr. 3atem (mocie
00y4eHHs1) HOITy4YEeHHbIE AITOPUTMBI KOPPEKIUN OBUIH MPUMEHEHBI AT pacye-
TOB COBMECTHOW MPOTHOCTHUYECKOW MpoAyKuuu Ha 0aze moneneit COSMO-
RuBy n monenn WRF-ARW.

Apxutektypa (HOpsIoK OJIOKOB) HEHPOHHOM CETH AJSl KOPPEKLHUH IpO-
THO30B TeMIIEpaTypbl U TOUKH POCHI MpHBeAeHa B Ta0i. 4. /Iy KoppeKuu xa-
pPaKTEepUCTUK BeTpa (MOPHIBOB U (DOHOBBIX 3HAUCHHI) UCITOIH30BAIHMCH aHAJIO-
TUYHbIE HEUPOHHBIE CETH, HO C Pa3MEPHOCThIO BhIXOAa, paBHOl 3. Ilpu
ONTUMM3ALUH MAPaMETPOB HEHPOHHBIX CeTel HCMOoNb30Bajach (QyHKUHUS TO-
Tepb XbI00OEpa, BHIYUCICHUE I'PAJAUEHTOB OLIMOKU OCYILECTBISUIOCh METOAOM
00paTHOTro pacHpocTpaHeHHs OMWHUOKM [8], a ONTHMHU3ALMS BECOB — COIVIACHO
mertony Adam [7].

[Ipumeps! rpadukoB omeHok B nmepuon 1 mas — 31 aBrycra 2021 1. moka-
3aHbpl Ha puc. 9. BumHo, 4yTO 3a pacCMOTPEHHBIN TEIUIBIA MEPHOA MPOTHO3BI
TEMIIepaTyphl BO3AyXa U TOYKM POCHI Ha BBICOTE 2 M B JTHEBHOE BPEMsI B Cpe-
HeM TouHee y momenmn WRF, a B HouHOe Bpemsa — y moaenu COSMO-RuBy.
[Iporno3sl cxopocTu Berpa Ha BbeicoTe 10 M OKa3aluCh TOYHEE Y MOJIEIH
COSMO-RuBy mis1 Bcex 3a0maroBpeMeHHOCTEH, a TaBJIEHUs, IPUBEICHHOTO K
YPOBHIO MOPST — JUISI BCEX 3a01aroBpeMEHHOCTEH, 3a HCKITFoueHreM 12 u 15 4.
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Ta6nuua 4. ApryMeHTbl HEAPOHHOW CETU U KONUYECTBO €€ NapaMeTpoB
npu pa3nnyHbiX 3abnaroBpeMeHHOCTSX NPOrHo3a

Table 4. Arguments of the neural network and the number of its parameters
for different forecast times

3a6naro- CLBur No HauansHOMy CpoKy Beero Bcero
BPEMEHHOCTb, n 3abnarospemeHHocTH (A t, A 1), apTyMOHTOS ' |NapamMeThos
4aGhI A (npegukTopoB.) HemgeoTkli/lHom

(0, -6), (0, -3), (0, 0), (0, 3), (0, 6), 123 5210

-6)
(12, 6), (12, 12), (12, 18), (24, 18),
(24, 24), (24, 30), (24, -6), (24, 0),
(24, 6), (36, 30), (36, 36), (36, 42)

0, -6), (0, -3), (0, 0), (0, 3), (0, 6),
9,12, (12, 6), (12, 12), (12, 18), (24, 18), 102 4706

15,18 (24, 24), (24, 30), (24, -6), (24, 0), (24, 6)

O D N Tt Y ST v L 4202
e B e i P s 60 3698
4%’, i’s (0,0), (24, 0) 30 3338

KommnexkcuduuupoBanHblii ¢ MpUMEHEHHEM TEXHHK MAIIMHHOTO 00yde-
HHUS TporTHO3 (TexHomorus Post-RuBy) ¢ ucmonp3oBanmeM o0emx Mopelnei
(COSMO-RuBy 1 WRF-ARW) moka3zan HaWigydImue pe3yJbTaThl, OJIM3KHe
M0 Ka4eCTBY K MPOTHO3aM HaWJy4llled M3 MCXOAHBIX moneniei. Koppekuus c
HCIONb30BaHNeM ToabKO MporHo3oB COSMO-RuBy (texnonorns COSMO-
RuBy+ML) mis Bcex 3a06maroBpeMeHHOCTEH U METEOPOJIOTHYECKUX MapaMeT-
POB OKazanach XyXe KOMIUIEKCU(HUIIMPOBAHHOTO MPOTHO3a: ISl TEMIIEPATyPhl
Bozayxa Ha 0.08 °C = 0.02 °C (95% ypoBeHb CTAaTHCTUYECKONH 3HAYUMOCTH
OIICHEH MeToZoM OyTcTpam), st Touku pockl Ha 0,07 °C £ 0.02 °C, mns gas-
neHuss Ha ypoBHe mops Ha 0.05rlla + 0.01 rlla, mis ckopocTu BeTpa Ha
0.03 m/c £ 0.01 m/c.

TakuMm 00pazoMm, KOMIUIEKCHpoBaHue mnpoaykuun wmojaeneir COSMO-
RuBy u WRF-ARW c ncnonp3oBaHHEeM TEXHOJOTMH MAIIMHHOTO OOYy4eHUs
[IO3BOJIMJIO YMEHBIINTH OIMIMOKH KPaTKOCPOUYHOTO (0 2 CyTOK) MPOrHO3UPOBA-
HUS IPU3EMHON TemIepaTypsl Bo3lyXa U TOUKH pocsl a0 1,7°C B Teruiblil me-
puox u 1o 2.2 °C B deBpane, ckopoct BeTpa a0 0,9 M/c, naBieHus Ha ypOBHE
mops g0 1,2 rlla. [lodydeHHble pe3ynbTaThl CBHIETEILCTBYIOT O IeJIeco00pas-
HOCTH BHEIPEHHUs M MCIOJIb30BAHUS METOIUKH KOMIUIEKCUPOBAHMS IIPOTHO-
ctuueckoil mpoxykiun wmozeneit COSMO-RuBy (Pocruapomer) u WRF
(benruapomer).
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Puc. 9. CpegHue abcomntoTHble MOrpeLuHOCTU MPOrHO30B Ha TeppUTOpUn
ETP n Pecnybnukn Benapychb. Mo ocsim: x — 3abnaroBpeMeHHOCTU NPOrHo-
30B; Y — cpefHssa abconioTHasa owwnbka NPOrHO30B: TemnepaTypbl BO3Ayxa
Ha BbicoTe 2 M (a); TOYKM pochl Ha BbicoTe 2 M (6); BEKTOpa CKOpPOCTU BETPpa
Ha BbicoTe 10 m (B); maBneHWs Ha ypoBHe Mops (r). 3eneHble NUMHWUK:
COSMO-RuBYy; cuvHum nuHum: WRF-ARW; KpacHbIn NyHKTUP: pesynbTat
KOMMIEKCMPOBAHUS U MaLUMHHOTO 00y4YeHus (TexHonoruss Post-RuBy).
YepHbIn NyHKTMP: NporHo3bl COSMO-RuUBY (TOMNbKO) OTKOPPEKTUPOBaHHbIE
MEeTOAOM MaLUUHHOrO 0ByyeHus.

Fig. 9. Average absolute errors of forecasts on the territory of the European
part of Russia and on the territory of Belarus in the period 01.05-31.08.2021.
Axes: X forecast lead times; Y average absolute forecast errors of T2m (a);
Td2m (6); wind speed vectors at a height of 10 m (B); sea level pressure (r).
Green lines: COSMO-RuBY; blue lines: WRF-ARW; red dotted lines: the result
of Post-RuBy technology; black dotted lines: COSMO-RuBYy (only) forecasts
corrected with using machine learning methods.

3akiouenmne

B T'umpomernentpe Poccum B mHTEepecax meteociyxk0 Coro3HOro rocy-
nmapctBa B pamkax texuonorun COSMO-Ru peanu3oBaHa cuctema pernoHalb-
HOT'O KpaTKOCPOYHOI'0 YHCIEHHOro mporuosa noroast COSMO-RuBy ¢ marom
BBIYUCIIUTETLHON CeTKH 2.2 KM (C WCITOJIb30BaHUEM B KaueCTBE spa MOACIH
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COSMO opHouMeHHOTO KOHcopumyma). Jlms ymoOHOro mpencTaBieHUs
pe3yapTaToB (KapT, METeorpaMM, adpOJIOTHYSCKHUX IuarpaMmm) paspadboraH
¥ GYHKIMOHHUPYET CHEeNHaIN3UPOBAHHBIA CalT, Ha KOTOPOM pEeaM30BaHO
2-0KOHHOE TIpeICTaBIeHHE WH(HOPMAIIHH.

B xome coBMecTHBIX padOT crenuanucToB [ mapomerieHnTpa Poccun u
Benrunpomera ObUT pelieH psii METOAMYECKUX BOMPOCOB MO MPEACTABICHHUIO
YUCIIEHHOW TPOMYKIUK Ui Ooyiee TOJMHOH WHTEpIpeTanny BwraucneHus
COSMO-RuBy u o0OHOBIIeHHEe MH(pOPMAIIMKA HA CAlWTe MPOU3BOIAMTCS UYETHIPE
pasa B CyTKHU.

B benrnapomere peann3oBaHa cucTeMa YHCIEHHOTO KPaTKOCPOYHOTO pe-
THOHAJIBHOTO Mporuo3a morogsl WRF-ARW ¢ miarom BeIUHUCTUTENBHON CETKU
3 kM. Beruucienns u oOHOBIIEHUE TIPENOCTABISIEMON CHHONTHKAM HWH(pOpMa-
IIAU TIPOU3BOJISATCS JBAXKIBI B CyTKH.

PeanuszoBan oomMen ynudunmpoBanHoi nmudposoit npoaykiuerr COSMO-
RuBy u WRF-ARW wmexnay ['mapomeriiearpom Poccun (mpoayxkitus COSMO-
RuBy) u benruapomerom (mpoaykuust WRF-ARW) uepes cepsep I['BL]
Pocrunpomera B koge GRIB1 mns yHUpUIMPOBaHHON HIMPOTHO-IOJITOTHOM
ceTku ¢ marom 0.025° (opueHTHpPOBOYHBIM 00beMOM 4 I'6 B cyTKH).

B benrunpomMere oCymiecTBIsSETCS BU3yalIn3alis TPOrHOCTUYECKUX JaH-
vEIX Mozeneit COSMO-RuBy u WRF s tepputopun Pecniybnukn benapych
u compenenbHbIX oOmacteir Poccuiickoit denepaunu B BuAe KapT, Tabiwi,
rpadukoB ¢ ucnonb3oBaHueM APM cHHONTHKA-TIPOTHO3MUCTA, a TaKKe TPOH3-
BOJUTCS] CPABHUTEIHHBIA ONIEPATUBHBIA MOHUTOPHHT YCIIEIITHOCTH MTPOTHO30B.

B Tuapomernentpe Poccuu co3maHbl JBE TEXHOJOTHH ISl TOTYYEHUS
KOMIUIEKCHOTO TIPOTHOCTHYECKOTO TPOIyKTa: aHCAMOJEBBIA JIarHPOBaHHBIN
MPOTHO3, MPEAOCTABISMIONINN TOIH30BATEISIM COBOKYITHOCTh BEPOSTHOCTHBIX
XapaKTEePUCTUK, U CHCTEMa KOMIUIEKCHON KOPPEKIIMH Ha OCHOBE MAIIMHHOTO
obyuenns. OObeIUHEHHBIC MPOIYKTHI IO3BOJSIOT CHHONTHKAM JOTOJHUTH
MPOTHO3bI, MOTYYEHHBIE B KaXXIOW U3 CTPaH, YTOYHEHHBIMU JAHHBIMU U Xapak-
TEPUCTUKAMH TIPECKa3yeMOCTH OXKHIAeMbIX B Ommkaiimme 36 4acoB MOTOf-
HBIX IIPOLIECCOB.

Pabora BeIONTHEHA B COOTBETCTBHH C T'OCYJapCTBEHHBIM KOHTPAKTOM OT
05.09.2017 roma Ne 169-OK-b/091701.

Cnmcoxk urepaTypsbl

1. Anghepos FO.B., Konetikun B.B. ACTeKTbl aBTOMATH3AIUH B THIPOMETEOPOJIO-
THYECKOM crucTeMe Busyanusaiuu Isograph / Tpyas! ['mapomeriieHTpa Poccun. 2011.
Brim. 346. C. 17-22.

2. bwvikoe @.JI. Craructuyeckas KOPPEKIHs IIPOTHO30B IOTOABI MO MOJENH
COSMO c nomosto HEHPOHHBIX ceTelt / Mereoponorus u ruaponorust. 2020. Ne 3.
C. 5-20.

3. Cmenanos 10.A., XKabuna UU., Ilypuna U.3., Heoauuna A.FO., Enucees I'.B.
ABTOMaTu3upoBaHHas TexHojorusi ['mapomerneHtpa Poccun mist omepaTnBHON 00-
paboTku mH(pOpMAIH B BRICOKOIPOU3BOINTENFHON KIIACTepHON MHPpacTpyKType //
T'unpomereoponormaeckue uccienoBanmst u mporHo3kl. 2019. Ne 4 (374). C. 257-285.



28 udpoduHamudeckuli MPoaHo3 Mo2odsbl

4. Pusun I'.C., Posunxuna U.A., Buregpano P.M., Angpepos /[.FO., Acmaxosa E. /1.,
bnunos /I.B., Bynoenv A.FO., Kasaxosa E.B., Kupcanos A.A., Huxumun M.A., Ilepos
B.JI, Cypxosa I'.B., Pesoxamosa A.Il., [llamynosa M.B., Yymaxoe M.M. Cuctema
COSMO-Ru HEruapoCTaTHYECKOro ME30MAaCIITaOHOTO KpPaTKOCPOYHOI'O IIPOTHO3a
noroas! I'mapometnenTpa Poccun: BTOpo# 3Tam peanusanuu U pa3BuTus // Mereopo-
norust u ruaposorus. 2015. Ne 6. C. 58-70.

5. Pusun I'.C., Posunxuna HU.A., Acmaxosa E.JI., bnunos JI.B., bynoenv A.FO.,
Kupcanos A.A., lamynosa M.B., Uybaposa H.E., Anghepos /1.1O., Bapenyose M.H.,
3axapuenxo [.U., Koneiikun B.B., Huxumun M.A., Ilonoxoe A.A., Pesoxamosa A.Il.,
Tamapunosuu E.B., Yyprorun E.B. CucteMa KpaTKOCPOYHOIO UYUCIEHHOTO NPOTHO3a
BeIcOKO# neramm3anmu COSMO-Ru, ee passutne u nprioxenus // I'uapomereopoio-
THYECKHUE UCCIIeAoBaHMs U IporHO36l. 2019. Ne 4 (374). C. 37-53.

6. Bengtsson L.K., Magnusson L., Kdlléen E. Independent Estimations of the As-
ymptotic Variability in an Ensemble Forecast System / Mon. Wea. Rev. 2008. Vol.
136, is. 11. P. 4105-4112. DOL:https://doi.org/10.1175/2008MWR2526.1

7. Dozat T. Incorporating Nesterov Momentum into Adam // ICLR Workshop.
2016. Vol. 1. P. 2013-2016.

8. Galushkin A.I. Neural network theory, Springer, 2007. 402 p.

9. Kalnay E. Historical perspective: earlier ensembles and forecasting forecast
skill / Q J R Meteorol Soc. 2019. Vol. 145 (Suppl. 1). P. 25-34.
https://doi.org/10.1002/qj.3595

References

1. Alferov Yu.V., Kopeikin V.V. Aspects of automation in the hydrometeorological
visualization system Isograph. Trudy Gidromettsentra Rossii [Proceedings of the Hy-
drometcentre of Russia], 2011, vol. 346, pp. 17-22 [in Russ.].

2. Bykov F.L. Statistical Correction of the COSMO Model Weather Forecasts
Based on Neural Networks. Russ. Meteorol. Hydrol., 2020, vol. 45, no. 3, pp. 141-152.
DOI: 10.3103/S1068373920030012.

3. Stepanov Yu.A., Zhabina I1., Purina LE., Nedachina A.Yu., Eliseev G.V. Au-
tomated technology of the Hydrometeorological Center of Russia for operational in-
formation processing in a high-performance cluster infrastructure. Gidrometeoro-
logicheskie issledovaniya i prognozy [Hydrometeorological Research and
Forecasting], 2019, vol. 374, no. 4, pp. 257-285 [in Russ.].

4. Rivin G.S., Rozinkina L A., Vil 'fand R.M., Alferov D.Yu., Astakhova E.D., Bli-
nov D.V., Bundel’ A.Yu., Kazakova E. V., Kirsanov A.A., Nikitin M.A., Perov V.L.,
Surkova G.V., Revokatova A.P., Shatunova M.V., Chumakov M.M. The COSMO-Ru
system of nonhydrostatic mesoscale short-range weather forecasting of the Hy-
drometcenter of Russia: The second stage of implementation and development. Russ.
Meteorol.  Hydrol., 2015, vol. 40, no. 6, pp. 400-410. DOL
10.3103/S1068373915060060.

5. Rivin G.S., Rozinkina I.A., Astakhova E.D., Blinov D.V., Bundel’ A.Yu.,
Kirsanov A.A., Shatunova M.V., Chubarova N.Ye., Alferov D.Yu., Varentsov M.,
Zakharchenko D.1., Kopeykin V.V., Nikitin M.A., Poliukhov A.A., Revokatova A.P., Ta-
tarinovich E.V., Churiulin E.V. COSMO-Ru high-resolution short-range numerical
weather prediction system: its development and applications. Gidrometeorologicheskie
issledovaniya i prognozy [Hydrometeorological Research and Forecasting], 2019, vol.
374, no. 4, pp. 37-53 [in Russ.].



PosurkuHa UM.A., Pusun I'.C., Bypak P.H., Acmaxosea E.[. u dp. 29

6. Bengtsson L.K., Magnusson L., Kdllen E. Independent Estimations of the As-
ymptotic Variability in an Ensemble Forecast System. Mon. Wea. Rev., 2008, vol. 136,
no. 11, pp. 4105-4112. DOI: 10.1175/2008MWR2526.1.

7. Dozat T. Incorporating Nesterov Momentum into Adam. ICLR Workshop,
2016, vol. 1, pp. 2013-2016.

8. Galushkin A.1. Neural network theory. Springer, 2007. 402 p. [in Russ.].

9. Kalnay E. Historical perspective: earlier ensembles and forecasting forecast
skill. Q J R Meteorol Soc., 2019, vol. 145 (Suppl. 1), pp. 25-34. DOI: 10.1002/qj.3595.

Hocmynuna 25.10.2021; 0o0obpena nocne peyenzuposanus 30.11.2021;
npunsama 6 neyams 13.12.2021.

Submitted 25.10.2021; approved after reviewing 30.11.2021;
accepted for publication 13.12.2021.





