MpumeHeHne rnobanbHOU moaenun atmocdepbl
N/1IAB pna socnpousBeaeHmna atmocpepHou
LUMPKYAALUM HA macluTabax ot AHA Ao
HECKOJ/IbKMX mecAL,es

Tonctbix M.A.1234 dapees P.1H0.1'%3 , WWawkuH B.B.123, 3apunos P.b.2,
foiimaH I.C.132 , Mussak B.l.2, Aamnosa K.A.%%, PorytoB B.C?, buptouesa E.O.?
1 - UBM PAH, 2 - TuapometueHTp Poccun, 3 - MOTU, 4 - MT'Y umenn M.B.JlomoHOCOBa




GenCast (DeepMind): https://arxiv.org/pdf/2312.15796

ML/AI forging ahead

From 2022 - “First generation”: GraphCast, FourCastNet, Pangu-
Weather, ClimaX...

< Diffusion solver steps

A }sequen

> By tech companies, single member, blurry, needs reanalysis to
run

Last ~1 year - “Second generation”: AIFS-V2, NeuralGCM, Aurora,
Aardvark, Gencast, FuXi variants, ...

> More met agencies involved (ECMWEF a clear leader), more 5
physics-informed, more specialized, less blurry, ensembles, ... N, X S

What'’s next? From the ECMWF AIFS Blog: https://www.ecmwf.int/en/about/media-

centre/aifs-blog/2024/data-driven-regional-modelling

-» Coupled models (DLWP-HPX etc.), longer leads

- Nested regional modelling (ECMWF work on AIFS-V2) B
-» More physically-informed approaches?
-» Combining longer lead approaches (transformer, GNN, SFNO...) - E=

with sharper approaches (diffusion, generative modelling, ...)
More foundation models? Zero shot (AtmoRep) vs few-shot
(Aurora)?

\



https://arxiv.org/pdf/2312.15796
https://www.ecmwf.int/en/about/media-centre/aifs-blog/2024/data-driven-regional-modelling
https://www.ecmwf.int/en/about/media-centre/aifs-blog/2024/data-driven-regional-modelling

AIFS — The Artificial Intelligence Forecast System

FCMWF’s data-driven forecast model

The Al model learns from approximately 40 years of ECMWEF’s ERAS reanalysis data,
stepping 6h from analysis to analysis

—

~

6h 6h ~ 6h

For forecasting, we autoregressively step the trained model 6h into the future x,, = f(x,-1)

Similar approach followed by many research groups and tech companies
(Google Deepmind, NVIDIA, Keisler, Huawei, ...)

<> ECMWF
e EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



AIFS - Artificial Intelligence Forecasting System

First implementation (~ 1deg resolution) in 2023, following Keisler 2022 and Lam et. al 2022:
* GNN architecture: Interaction Networks (Battaglia et. al 2016)
» Graph representation, hidden multi-scale mesh, edge features
» Scales to > 1000s of GPUs ; tensor parallel implementation, split model across multiple GPUs

Update beginning of 2024, update to ~0.25 deg:
* Attention based GNN for encoder, decoder

* Transformer backbone in processor
* Trained on 64 GPUs ~ 1 Week

Why GNN Encoder / Decoder: can handle arbitrary input / output grids, local and ad hoc grid refinement, changing grids
etc.

AIFS data available in Product Requirement Catalogue

Lang, S. et al. 2024. AIFS-ECMWF's data-driven forecasting system. arXiv preprint arXiv:2406.01465.
Y
_w ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 4



How costly is AIFS?

ECMWF HRES: Al model:
ERAS: 180 000 0.3
15 billion (one off) per forecast per forecast

Hersbach, H et al. (2020) }

<> EC
L 4 E MWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



The challenges

Lots of unanswered questions
* Physicality/realism
Trustworthiness

Accessibility

Unsolved application needs (ensembles, longer
leads, more variables etc.)

Lots of uncertainty, confusion

« Keeping up with new developments is a full
time jo

Still a lot of churn - where does one start?
Shortage of Al/ML expertise
Lack of tooling/infrastructure



Changing paradigms

* Fasttrack to experimental mode: Timeline between R&D on a given ML system
and its potential operational/experimental deployment happens in a matter of
months rather than years

 Cost of running inference is drastically smaller than current physical systems
* Implications for smaller centres
* Lower bar computationally
« Where's the bar at technically?
* Major consideration for the TT

* Increased emphasis on observations (not just reanalyses), and aspects related
to completeness, such as consistent coverage in space and time

A constant: Open data (and systems) remain critical



PLUMBER2: Benchmarking Surface Fluxes in
Land Surface Models
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7 metrics
170 sites

e Land surface models are run at 170 eddy covariance
towers and the simulated fluxes are then compared to the
observations.

Qe = Evaporation; Qh = Sensible heat flux;
NEE = Net ecosystem exchange

e Empirical approach (long-short term memory neural
network; LSTM) provides the current “best case model”
(i.e., benchmark). Uses same input data as land surface
models.

Take home message: Out-of-sample empirical approaches
still appreciably outperform state-of-the-art land surface
models

Credit: Gab Abramowitz



Al/ML moanenn atmocdepsl - BbIBOAbI

e CTpEMUTENBHO NPOrpPeccupytoT
* Y}Ke moryt aHcambaeBbl NPOrHo3
e CKOpO He byayT 3arnakmBaTb MPOrHOCTUYECKUE MONSA

* [TOKa 3aBUCAT OT peaHaan3a M aHa/1M3a — B KOTOPbIX NCNOAb3yeTcA
«0bbl4HaAA» rMAPOoANHAMUYECKAA MOAENb

* Beaytca paboTbl N0 YCBOEHUIO AaHHbIX 6e3 «0bblYHbIX Moaenemn»

* [loka BMAHA NepcnekTuBa 3amMeHbl «0ObIYHbIX» MOoAener NPorHo3a Ha
3ab1aroBpeMeHHOCTAX A0 HECKO/IbKUX Heaenb. [lanblie — meHee
o4yeBMAHO!

* ELle HECKONBbKO NeT Kak MUHUMYM «0bbIYHbIE» Mmoaenun byayT
HeobxoaAMMbl AN BCEN HOMEHKNATYPbI BbIXOAHOW NPOAYKLMN.




[.M.Mapuyk 08.06.1925-24.03.2013

- OteyecTBEHHAA WKOMA MOAENNPOBAHMUA
aTmocdepbl N OKeaHa

- [lepBaa poccunCKaa rmapoanHaMmmnyeckasn
COBMECTHasa modenb aTMmochepbl M OKeaHa

- CneKtpanbHaa moaenb atmocdepbl ML,
ncxogHaa sepcna — moaens ELICTIN 1981 roaa
(npuBe3eHa B.H./1biIKocoBbIMm)

- [oppeprkKa pa3paboTKn N BHeAPEHUA moaenmu
N/1AB




Jlirogn, 6e3 KoTopbix moaenb He bblna bbl
CO3/1aHa

[lepBbIN HAYYHbIN
PYKOBOAUTEND

[TapameTpunsaummn
npoueccos No4CeTO4YHOro
macTaba

B.H./1lbikocoB
14.01.1945-10.09.2021



Jlirogn, 6e3 KoTopbix moaenb He bblna bbl
CO3/1aHa

3HAKOMCTBO C YNCZIEHHbIM
NPOrHO30M NoroAbl

[TapameTpunsaummn

NpoLEeccoB NOACETOYHOrO
MmacLwTaba

HaH-PpaHcya HKeneH
16.01.1950-08.01.2015



e CoBmecTHaA pa3pabotka NBM PAH un
[napometueHTpa Poccuun.

* [IpumeHAeTcA B [mapomeTueHTpe AnA
onepaTUBHOrO cpeaHecpoYHOro um
AONTOCPOYHOro NPOrHO30B NOroAbil.

WMO Lead Centre for Sub-seasonal Prediction Multi-Model Ensemble

The Lead Centre for Sub-seasonal Predictions Multi-Model Ensemble (LC-SSPMME) coordinates multi-model ensembles of
sub-seasonal forecasts by maintaining an archive containing a set of model fields, by creating graphical products from

. individual and multi-model ensembles under an agreed format and by creating verification statistics. To provide WMO
ﬂl H a M 3 O p M r M H a n b H b I X I-n O a n b H b I X Members with reliable multi-model ensembles in real time, the LC-SSPMME uses forecast data from several sub-seasonal

prediction systems. Forecast data is provided by WMO Global Producing Centres for Sub-seasonal Predictions and by

Mmozenien NPOorHo3a noroabl B MUpPE —r—

* Pesynbrarel paspabotunkos M/1AB sown B L .
Ton-lo HaqubIX OTKprTMI\;I pOCCMﬁCKMX Global producing centre for Sub-Seasonal Predictions (GPC-SSP)
yyeHbix B 2022 roay (no Bepcuun PHO). 5 s p—

* C2024 r IngpomeTuUEHTP — OAUH U3 5 B

rnobanbHbIX Npoayunpytowmx ueHtpos BMO
no cybcesaoHHOMY NPOrHo3y

Contributing centres

2 Mesofe Bl Sougmment Q@ KMA szt
Exeter Montreal Seoul

B o
* [NoppgeprkKa rpaHToB PH® 21-17-00254, 21-71-30023, washigton



MHoromacwtabHaa rnobanbHaa mogennb
atmocdepsnl! MN/1AB

OpHa 13 10 opuruHanbHbIX MobanbHbIX Moaenen NporHo3a norogbl B mupe

CosmecTtHan pa3paborka UBM um. L U.MapuyKka PAH n lmapomertueHTpa
Konnektus — 10 yenosek, 14 crateu B }XypHanax Q1 (2016-2024)

'paHT PH® 21-17-00254; yuactue 21-71-30023, 14-37-00053, 14-27-00126

MpumeHaetca B 'ML, ana onepatusHoro

cpeAHEeCPOYHOro " A0/JINNCPOYHOro NpPorHo3a

YyacTue B MeXAyHapOAHbIX NPOEeKTax
BMO: S2S, YOPPSiteMIP, APCC

N
MexayHapoaHoe COTPYAHNYECTBO:

ECMWEF, Meteo-France, Nansen Centre,

KoHcopuuym ALARO
J

~N

BHYTPUPOCCUINCKOE COTPYAHNYECTBO:
HUBLL MY, UAO, ...




nobanbHaa nonynarpaHxesa mogesb
aTtmocdepbl N/1AB

(Mony/larpaH»xkeBa, Ha OCHOBE YPaBHEHMUS
AbCcontoTHOM 3aBUXPEHHOCTH)

KOHeqHO-paBHOCTHbIﬁ nonyHEHBHblﬁ nonynarpaHes 610K peweHun
ypaBHEHMﬁ ANHAMUKHU aTMOC(bepr: HecmelleHHan ceTka (Z grid), KoHe4YHble
pa3HOCTU 4ro nopagka (Tolstykh, Shashkin, Fadeev, Goyman, Geosci. Mod Devel. 2017).

Habop napameTpusauuit npoLeccos NoAceTo4HOro macwtaba
ALADIN/ALARO,

BNOKuK pacueta KOpOTKO- U ANIMHHOBONIHOBOU paguauuu CLIRAD SW +
RRTMG LW,

Mopagenb geatenbHoro cnoa cywum UBM PAH —HUBL, MY,
napamertpusauymna Heoporpadpuueckoro 'BC: us mogenu knumara UBM
PAH, popaboTtaHbl

MapameTpusaumm n ycopepLueHCTBOBaHUA cO6cTBEHHOM pa3paboTKu

lMoka npoctaa moaenb 3sontouuun TMNO



CobcTBeHHbIE NapaMeTpmu3aLMmM U yCOBEPLLEHCTBOBAHMUA
napameTpusauuii NpoLeccoB NOACETOMHOro macluTtaba

* Moandpukauma nepeHoca MMnNy/sbca B NnapameTpusaumm rybokou
KOHBEKLMM

* YTOuyHeHue adpPeKTa 0cagKoB Ha MPU3EMHYIO TYPOYNEHTHOCTb

* Peann3oBaH y4yeT yrna HakaoHa NoaceToyHou oporpadumn B
napameTtpusaumm OMBC (aHanorm4yHo napametpusaumm ELCINM)

apamerT
apamert
apamerT

OU3auua NoablHBEPCUOHHOM 06/1a4HOCTH
OM3aLMA MOPCKOro /ibAa

on3auma neaHnKoB (AHTapKTnaa n lpeHnaHana) — noKa B

OMNbITHOM pexnme

(Tmapomert. nccn. n nporHosbl 2022, 2023, Russ.J.Num.An.Math. Mod.
2022, MeTteoponorma u rmaponorusa, N7 2024)



[MToumeHeHne moaenu NJ1AB B TnapometueHTpe 8 2019

Federal Service for Hydrometeorology

and Environmental Monitoring CPEAHecpoq H bl ﬁ " porHo3 no rOAbl

0.225° ., 0.16°-0.24° .51 -
HYDROMETEOROLOGICAL SR S
20-25 Km, ycTynana npuMepHo B 2 pa3a cpeaHemy

CENTRE OF RUSSIA MWPOBOMY YPOBHIO

Cuctema aHcambneBoro cpegHeCcPOYHOro

nporHo3a Ha ocHose [1/1AB
- HEé CcyuwlecTtBOBa/la

Cy6ce30HHbIN U Ce30HHbIN AO0NTOCPOUHDbIN
aHcambneBbiW NPOrHO3

1.4°x1.1 .28 gsas

BepxHui pacyeTHbIM ypoBeHb Ha 5 rla
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Moaenb cpeaHecpovHoro nporHosa [1J1AB10

* Bnepsble JOCTUTHYT CPeaHEMNPOBOIN YPOBEHb MO NPOCTPAHCTBEHHOMY
pa3pelieHunto (okono 10 Km)

* [Ipowna onep. ucnbiTaHnA, BHeapeHa B 10.2023r.

* CywecTBeHHble yy4dlleHUA B TPOMNKUKax No cpaBHeHUto ¢ MNJIAB20, meHee
3aMeTHble B CpeaHUX WNPOoTax.

* BbIxogHaA npoAayKumnA:

- cMHONTUKK (special.meteoinfo.ru)

— 0719 ABUAUUOHHbIX MPO2HO0308 (nocse co30aHuUa nocmripoueccuHea)
- MYC

- Pocatom (CeBmopnyTb)



Cnesa — ACC, cnpasa RMSE

S20-90-20° 1o0.1w.,
TR—-20° to.w. — 20° c.ww.,
N20 — 20-90° c.ww.

N3meHeHwe ccaf B MJIAB10 no oTHoweHwMo K MJIAB20
B CpefHeM 3a oKTAbpb-gekabpb 2024
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M3meHeHne CKO B NNAB10 no oTHoweHuo K MNNAB20
B CpedHeM 3a oKTabpb-gekabpb 2024
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OTknoyeHue Poccuum ot
UCTOYHUKOB MHPOPpMaALUMN:

* HavyanbHble N rpaHUYHble YCN0BUA ANA
moaenu pernoHanbHoro nporHosa ICON;
yMeHblleHne Kon-ea gaHHbix gna COSMO

* [laHHble no TIMO n mopckomy nbay OSTIA
 EBponenckue cnyTHMKM ¢C warom B 15 muH
* BceMUpPHbIU LEHTP 30HANbHbIX NPOrHO30B
( rpakpaHcKana aBuauma)



[Noner Ha cBOEM NporHose : JkoHoMuKa & [aseta PBK

EOCTEIR. f Hoeoctu - Mutepc | g PEK — HosocTw, 2 E Mpogykuwa raods Q Cynepkomneratep O CISLRDA: NCEP € =3 Document Displa;

‘ TenekaHan Pro  MHBeCcTHMLWKM —=BTE MeponpuaTMA  OTpacnd  HefgBuxumocTe  Autonews PEK KOMNaHWK  =ss

|_A3ETA MNonet Ha cBoem NporHose CTaTbﬂ B I—a3eTe M Ha CaI\AITe
PBR

Kak Poccusa agpanTupoBanach K OTK/IIOUEHUIO

B Poccuu cefiyac UCTIONb3yeTca oTedecTBeHHAA MPOAYKIUA B 00/1aCTH aBUAITHOHHBIX
NpOTHO30B, pa3paboTaHHAA CTPYKTYPHBIMH NoApasaeleHUAMH PocTHApoMeTa, htt o //WWW rbc. rU/n ewspape r/2023/10/09/65
coobmuau PBK B pecc-cny#be MUHTIpUPOILI (B €ro BeIeHHH HAXOIHUTCA 1 29723 9a 79476fb58 d 3fb3

PDCIHILPDMET). «KadecTBO [MIPOrHO30B HAaX0OHTCA Ha caMOM BBICOKOM VPOEBHe H He
yCTyllaeT EHP}’ﬁe}KHbI:\-I dHaJlor'aM», — 3aBepPHJIH B BeJOMCTEe.

B npecc-ciay:x0e PocrugpoMmeTa yTOUHWIH, UYTO ABTOHOMHAA POCCHIICKAA CHCTeMa
30HA/IbHBIX [IPOrHO30B OblIa BBe[leHa B 3KCIUIYaTallHI0 «B TedeHHe HeCKOAbKHX THeH»
nocJjie oTkAYeHUA SADIS. «[IpogonsKHaca BEIITYCK KapT 0coObIX ABTeHUH H
dbopMupoBaHUe HEOOXOTUMBIX I ABUAIIMH TI0JIel MeTeopoIoTHUeCKUX TapaMeTpoB
Ha Pa3/IMYHBIX 3111eJI0HaX MojleTa», — OTMeTHIIH B NTpecc-cay:kbe.

B Muunpupoasl coobmunm, 4To B l'igpoMeTiieHTpe Pocchi (yupeskaeHHe
PocruapomMeTa) coBMecTHO ¢ MHCTHTYTOM BEIYMCTHTENBHOH MaTeMaTHku PAH Obima
paspaboTaHa rnodanbHad I0JYyIarpaH;KeBad KOHeUHO-Pa3HOCTHAA MOeb IIPOrHo3a
Mojei MeTEOPOJIOrHYeCKHX 371eMEeHTOB B BePCHH C [I0CTOAHHBIM paspelleHHeM (MoOelb
[TJIAB). ITo JaHHBIM MHCTHUTYTa, MOJe/Nb Obljla BHegpeHa B OIlepPaTHBHYIO TeXHOIOTHIO
linopoMeTiieHTpa B 2010 roay, yayulieHHasa ee Bepcua — B 2016-M. [nobanpHasA cucTeMa
nporHo30B [TJIAB Henonb3yeTes 714 cpeIHecpOUHbIX TPOTHO30B MOT0IbI (A0 JecATH
CYTOK) W TOJTOCPOUYHBIX IIPOTHO30B (110 ce30Ha) 110 BCeMY 3eMHOMY IIapy, YKa3all B
MHUHHCTepPCTBe. «B cBA3HM ¢ MPHOCTAHOBKOM docTyna 414 Poccii K MTPOgyKIHH
BceMHpHOro IeHTpa 30HaJIbHBIX IIPOTHO30B (JIOHO0H), HeoOX0OWMOH /1A BBEINIOIHEHHA
MOJeTOB BO3OYLIHBIX CYI0E, co30aHa PocculickadA cucTeMa 30HAIbHBIX IIPOTHOZ0E, B
KOTOPOH HCIONIb3yeTcA NPOAYKIHA rmodanbHoH Mogeny [IJTAB», —
NPOKOMMEeHTHPORAIH B MUHIIPHPOILL.



Cneumanmn3npoBaHHble NPOTrHO3bl A1
roa*KaaHCKOM aBMaLLMmn

* BeTep 1 TemnepaTypa Ha sWenoHax nosieta (ropa3no 6oablie YpoBHEN, YEM
B MNPOrHO3ax obuwero Ha3Ha4YeHuA; Wwar no sepTmkanm 300m)

* [lone maKCMmaibHOro BeTpa

* BbiIcOTa MaKCMMaNbHOTIO BeTpa

* BbiCcOTa Tpononaysbl

* BepxHaa rpaHuua ob6n1avyHOCTH

* PAg XxapaKTepUCTUK Ha OCHOBE BbllleyKa3aHHbIX

3abnarospemeHHOCTb 24-72 yaca (c 2028 — no 120 yac)

MeTpuKKM ownboK: Kak npasmno, He meHee 80/90% y310B CETKM, B KOTOPbIX
OTK/IOHEHMe OT daKTa He NpeBbIWAeT NOpora ownbKu

NNTAB10 8 KoHue 2024-2025 roay aocturna nopora UKAO 90% no nporHosy
MOAYNA CKOPOCTU MAKC. BeTpa



KoppeKuuns HacTpoek norpaHN4YHOro crios
vmoanenu INJIAB10

-  OueHku onepaTuBHLIX MPOrHO30B 3a UKIOHb U

nonb 2024r no ETP 6bi1n 3aMETHO XyiKe,

~ CpepHas abconoTHan owubka NporHo3a NpU3eMHON Temnepartypbl
“eM M0 a3KaTCKOM YacTu POCCUM 1 3aMETHO no Eeponeiickol Tepputopuu Poccun (~800 ctaHuuit)
Xy*e OCTaJibHbIX N\op,ene|7| 3a nepuopg: oktabpb 2024 r. (Mcxoarbiii cpok 00 4)
3,5
- 3kcnepumenTbl A.M.YeunHa (MDA PAH)
2024r c ogHOKONOHO4YHOM Bepcuen MN/1AB 3,0

NMOKa3blBa/IM Ha HEAOCTATOYHOE
nepemelinBaHme B NnorpaHN4YHOM C/0e€.

2,5

PeBn3nA n gMarHOCTMKa NnapameTpmnsaumm
norpaHuyHoro cnos (P.HO.®apees) =>
HAaCTPOMKM npodunen kKoadd. obmeHa =>
OWMBKKM NporHosa T2m yMeHbLIMNUCD.
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AOcortoTHas owmnbka nporHo3a T2m 3a okTsab6pb-aekabpb 2024

roga no mogenu MNJITAB20 v NJ1IAB10, ctapt 00 yacos BCB
CneBa — 35-70° c.w., 1-50° B.A., cnpaBa — 48-75° c.w., 20-170° B.A.
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Mereoctannusa MOCKBA, BJJHX (27612)
[Ilporuos or 0 BCB 24.3.2025 nHa 240 uac.

Bricora 147 u. MOOEME
§5.03° c.u1., 37.62° B, [T/TAB072L96
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Bepcua ana 4ONrocpoYHOro NporHo3a
[1JTABO/2L96

* [IpnHATa peweHnem UMKIT 22.11.2023 r.
* MeTteoponorua u rugponormna Ne7 2024 r.



YnydyweHue socnpousseaeHmna KAK
(B.B.LWawkwnH c coasT., Mul 2023)

“Cnesa — pe3ynbraT 2018,
BHM3y -2023
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CpaBHeHMe B3anMmoaencTeusa crtpartocdepsl n Tponocdepsl
B Modensax cybce3oHHOro nporHosa S2S

(a) summary of biases in colupliqg s;rength [percent diffelrenqe cqmplareq to §ubslampledlER¢\5], . NH DJF
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[1porHo3 Ha mecay, T2m no Espasunn ¢ 30.11.2023r.
c O (BBepxy) u 2-HeaenbHOW 3abnarospeMeHHOCTbIO (cnpasa),
daKT (cnhesa)
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MporHo3bl moaenu MNJIAB ot 05.09.2024r Ha 16-23.09 (cneBa) 1 Ha 23-30.09
(cnpaBsa) Ha cauTe Begyulero LueHTpa BMO no cybce30oHHbIM NPOrHo3am
https://charts.ecmwf.int/wmo

WMO Lead Centre for Sub-seasonal Prediction Multi-Model E (J) o WMO Lead Centre for Sub-seasonal Prediction Multi-Model Ensemble
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https://charts.ecmwf.int/wmo

Moscow - Discrimination of tercile category forecasts Exeter - Discrimination of tercile category forecasts

True positive rate

ROC Curve for 2-metre temperature

Center: HMCR; Season: DJF; Valid Range: 264-432 h; Region: Northern
Extratropics
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ROC Curve for 2-metre temperature

Center: UKMO; Season: DJF; Valid Range: 264-432 h; Region: Northern
Extratropics
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Washington - Discrimination of tercile category forecasts

ROC Curve for 2-metre temperature

Center: NCEP; Season: DJF; Valid Range: 264-432 h; Region: Northern
Extratropics
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Tpetba Hepenqa, suma, ROC T2m

https://charts-test.ecmwf.int/wmo/charts
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ROC Curve for 2-metre temperature
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MISSS (Mean squared skill score)

Mean Squared Skill Score for 2-metre temperature

Center: UKMO; Season: DJF; Valid Range: 264-432 h
MSSS
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_ Skill score Washington - Accuracy of the ensemble mean
Mean Squared Skill Score for 2-metre temperature
Center: HMCR; Season: DJF; Valid Range: 264-432 h Mean Squared Skill Score for 2-metre temperature

Center: NCEP; Season: DJF; Valid Range: 264-432 h




AHCamb1eBbIN CPEAHECPOYHbIN MPOrHO3

* Onep Bepcua 0.9°x0.72°, 96 ypoBHeWN.

* Bepcuna 0.225° no ponrote, 0.16°-0.24° no wwupoTte, 51 ypoBHEN — HA
onepaTUBHbIX UCNbITAHUAX.

 OCHOBHOE pa3IM4yne — HoBaA BEPCUA UCMONb3YyeT BO3MYLLEHNA HE
TO/IbKO B MapameTpusaumnax Moaenun, Ho n B guHamuke (McxoaHble
TOYKM NOAyarpaHXeBbIX TPAEKTOPUN. OPUTMHANIbHbBIA aAropuUTMm!

(Alipova, Mizyak, Tolstykh, Goyman, RINAMM 2024)



CpaBHeHue pasbpoca n n cpeaHeks. ownbdkmn (RMSE) cuctem aHc. nporHoda ansa MSLP
(cnesa) n T850 (cnpasa), 20-90° c.wwu.
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AHcambnb MJTAB20 vs MNJ1AB072L96 3a 4 mec — pa3bpoc n CRPS

ensSL-AV20 vs ensSL-AV0721L96 spread, 4 months av

ensSL-AV20 vs ensSL-AV072L96 CRPS, 4 months av
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ROCA aHcambnb NJ1AB20 vs MNMJTAB0O72L96 3a 4 mecaua

ROCA

1.0

0.8

0.6

0.4

0.2

0.0

B ens SL-AV20
- ens SL AVO72L

ROCA Northern Anm HSOO lt15sd

Lead day



ROCA aHcambnb NJ1AB20 vs MNMJTAB0O72L96 3a 4 mecaua
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RAMMaTUYeCcKMe pacyeThl

* bes3 KoTopbIx He 6blnn Bbl NOAYYEHbI BCE pe3ynbTaTbl Bbille!



pressure (hPa)
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Zonal mean wind (above) and temperature (below). DJF 1991-2020



[MPUYUHbBI YIYYLIEHUN:

- Moaundukaumm moaenmn, NoBbICUBLLNE YCTONUYMBOCTb (bopmynnpoBKa andpdysnu,
ncnpassieHme ownbok u ap.)

- icnpasneHune cuctemaTnyeckmx owmboK nons AaBneHma Ha ypoBHE mopA (MeHbLue
Poccbum-BonHOBOro TOopmoKeHuna B CeBepHOM NonyLwapun),

[Mone AaBneHUA Ha YPOBHe
mops B CeBepHOM NosyLapum
[ekabpb — PeBpanb 1991-
2017. ObpaTtnTe BHUMAHUE HA
AneyTckum u NpeHnaHaCKUm
MUHUMYMbI.

370 0cobeHHO BarXKHO ANnA
C€30HHOro KAMMaTa, Tak Kak
MUHUMU3NPYET TPEH,
cTpaTocdepbl Ha
TOPMOXKeHMe c HoAbpA nNo
deBpanb. B KnumaTte ato
No3BONAET caenaTb
OAMHAKOBble HacTponKku NBC
B HOXXHOM 1 CeBepHOM
nonywapum




Mean annual precipitation, mm/day
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Bocnpou3sseaeHmne KonebaHus
MappeHa-1Xyn1naHa
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KRM/J: nHaeKkc Ynnepa-XeHa0Ha.
(P.HO.®anees, /1.6.KocTunH)

JFM2015. CneBa- moAenb, cnpasa peaHanns ERAS. KpacHasd
KpMBasa — NepBbln MecsAL, NPOrHO33a
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[ToumeHeHne moaenu NJ1AB B TnapometueHTpe B 2025r

Federal Service for Hydrometeorology
and Environmental Monitoring

HYDROMETEOROLOGICAL
CENTRE OF RUSSIA

CpeAHecpoYHblii NPOrHO3 NoroApbl
0.1° no ponrote , 0.08-0.13° no wwuporte, 104
YPOBHS

Cuctema aHcambneBoro cpegHeCcpPoOYHOro

nNporHosa

0.9°x0.72°, 96 ypoBHeir.
Bepcusa 0.225° no aonrote, 0.16°-0.24° no wwupote, 51 ypoBHEN — HA

onepaTtuBHbIX NCMbITAHUAX.

Cyb6ce30HHbIN U Ce30HHbIN A0NrOCPOUHbIN

aHcambneBbi¥ NPOrHos3 N
0.9°x0.72°L96 QSBS




Pe3ynbTaTthl

* Ha ocHoBe becLLloBHOro noaxoAa co3gaHa eanHaa moaenb ANA Tpex
MPUNOMKEHUN: AETEPMUHUCTUYECKOTO U aHCambneBoro
cpeAHecpoYHOro NPorHo3sa, A40JrocPoOYHOro NPOrHo3a

* Bnepsble NIMKBMAMPOBAHO OTCTaBaHME B paspeLleHnn moaenm
cpeAHecpoYHOro NPorHo3a

* Hennoxme pesynbraTbl B cybce3oHHOM nporHose. Hy»KHa coBmecTHas
MoaeNb



PaboTbl no pa3sututo moaenu NJ1AB

* CoBmecTtHaa moaenb ¢ NEMO — texHONOrMAa MHMUMANN3AUNN
onepaTMBHbLIX MPOrHO308B

* Peannsauma 6noka pagnaumm ecRad, nepexon c RRTMG Ha ecKD
(chepctBme — yayylieHmMe onnucaHmMa o61a4yHoO-paanaLMOHHbIX CBA3EN)

* AKTMBaUMA napameTpusaumm rybokom Konsekumm 3MT B NJTAB10 u ee
HACTPOMKaA

* 3aaHMe Haya/IbHbIX AaHHbIX TEMNEPaTYyPbl NOBEPXHOCTU BHYTPEHHUX
BogoemoB CHI no gaHHbIM rMAPOOrMYECKMX NOCTOB Habt0AeHW
(NJAB10)

* ONTMMM3aLMA NPOrPAMMHOIo KOMMJIEeKca
* YcoBepLUeHCTBOBaHME B/10Ka AeATeNbHOIO CN0S CyLIM



Cnacmnoo 3a BHUMaHue!
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