[lanbHeWllee yckopeHue napannenbHOW
Bepcun mogenu INJ1AB

M.A. Toncteix"?, I.C. fTonman'32, E.O. Buptouesa'?, P1O.®agees '-%°

"MHCTUTYT BbluncnuTensHon matematukm um. I..Mapuyka PAH,
['mppomeTtueHTp Poccuwn,

SMockoBCKUI OU3NKO-TEXHUYECKUA NHCTUTYT




TeHOeHUnn pasBUTUA YNCITIEHHOTO
NPOrHo3a noroabl

* BbicTpoe pa3sutne MM moaenen ana cpeaHECpPOYHOro U cybcesoHHOro NPorHo3a noroabl
* PasBuUTME M yCNeLwHOe NPMMeEHeHNe TMbpunaHbIX moaenemn

* KomnbloTepbl Bce 60/ble NpeaocTaBAAT OCHOBHYHO MOLHOCTb Ha GPU

C Apyrov CTOpOHbI

* [oKa TpyaHo 0byunTtb MU moaenb Ana Ce30HHOMo NPOrHo3a M MoAeIMPoBaHMA KAMmaTa 13-3a
OrpaHWYeHHOM ANnHbI Habopa AaHHbIX (06bl4HO peaHanns ERAS5) — 47 neT ¢ AaHHbIMW CMYTHUKOB

* UM/ mogenn noka meroT HeAOCTaTKU — I'IJ'IOXOI/I CrneKTp KWHEeTUYEeCKOoM IHEPINMN, I'Ipl/IBO,D,ﬂIJ.I,IAI/I K
3dlMNMaXKnBaHUKO IKCTPEMA/IbHbLIX ﬂBI'IEHMI/I HeCoXpaHeHNne MacCcCbl U SHEPTUN

* [MBpMAHbIE MOAENN NOKa MOKa3bIBAKOT ydLlUMe pe3y/bTaThl

Pa3BuTmMeE «K1ACCUHECKUX» MO,EI,EJ'Iel/I NO-NpexXHemMy akTya/ibHO, HEOGXO,EI,I/IMa apgantauma K GPU.
HenatenbHo 60sblle BbIYUCNEHNN B O,EI,VIHapHOM TOYHOCTU



Spectral kinetic energy density at 250 hPa, 10-days forecast

Own Initial Conditions (OIC)

Physical Models

AIWP Models
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SL-AV global atmosphere model

* Joint development of INM RAS and
Hydrometcentre.

* One of ~11 original global operational NWP
models

* Hydrometcentre is one of five designated
WMO Global Producing centers for Sub-
Seasonal Prediction

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 medel fields, by creating graphical products from
individual and multi-model ensembles under an agreed format and by creating verification statistics. To provide WMO
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
Contributing Centres.

FORECAST CHARTS

Further information on forecast products and ferecast digital data is here.

Global producing centre for Sub-Seasonal Predictions (GPC-SSP)

CRIEC] CECMWF
Beijing Brazil ECMWF
o) 585
Tokyo

The GPC-SSP are committed to fulfilling a set of mandatory functions aiming to enhance censistency and usability of forecast information
and to facilitate the exchange of data. The timely provision of forecast data to the LC-SSPMME is one of the mandatory functions (WIPPS).

Contributing centres
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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).

MapameTpusaumm npoueccosB nogceTroyHoro macwtaba ALADIN/ALARO,

BNoOKu pacueta KOpOTKO- U ANIMHHOBONIHOBOU paguauuun CLIRAD SW +
RRTMG LW,

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

MapameTpusaumm n ycopepLueHCTBOBaHUA cOb6cTBEHHOM pa3paboTKu

lMoka npoctaa moaenb 3sontouuun TMNO



SL-AV applications at Hydrometcentre of Russia

Federal Service for Hydrometeorology

Medium-range deterministic forecast
HYDROMETEOROLOGICAL 0.1° in longitude , 0.08-0.13° in latitude,

CENTRE OF RUSSIA 104 levels (SLAV10)

Medium-range ensemble prediction system

0.225° in longitude, 0.16°-0.24° in latitude , 51 levels (104 levels
in progress)

Subseasonal and seasonal ensemble

forecast
0.9°x0.72°L96




Subseasonal forecast

* The impact of atmospheric initial conditions is less important than for
medium range forecast

 Many practical applications for 2-3 weeks forecasts (power
generation, agriculture, etc)

e Usually presented as weekly anomalies and probabilities
* WMO S2S project (2014-2023)



[1pOrHo3 aHoManuMn NpuU3emMHON TemMnepaTypbl HA HeOerno
6-13.04.2026 r oT 26.03 (https://charts.ecmwf.int/wmo/charts)

Customized Multi-Model: 2m temperature weekly mean

Moscow: 2m temperature weekly mean anomalies anomalies
Base time: Thu 26 Mar 2026 Valid time: Mon 06 Apr 2026 - Mon 13 Apr 2026 (+432h) Area : Eurasia Base time: Thu 26 Mar 2026 Valid time: Mon 06 Apr 2026 - Mon 13 Apr 2026 (+432h) Models combination : cptec,eccc,ecmwf,hmcr,jma kma,ncep,ukmo Area :
Eurasia

S2S Centre: HMCR 2m temperature weekly mean anomalies (°C)

<10 -10 6 - 6 10 >10

S2S Centre: MULTI 2m temperature weekly mean anomalies (°C)
4 3 1 0 1 3 6

<10 -10 6 3 10 >10




[IpOrHo3 aHoManun NpuU3emMHOU TemMnepaTypbl HA HeOerno
9-16.02.2026 r ot 29.01.2026

Customized Multi-Model: 2m temperature weekly mean

Moscow: 2m temperature weekly mean anomalies :
anomalies

Base time: Thu 29 Jan 2026 Valid time: Mon 09 Feb 2026 - Mon 16 Feb 2026 (+432h) Area : Eurasia

Base time: Thu 29 Jan 2026 Valid time: Mon 09 Feb 2026 - Mon 16 Feb 2026 (+432h) Models combination : cptec,eccc,ecmwf,hmcr,jma,kma,ncep,ukmo A

S2S Centre: HMCR 2m temperature weekly mean anomalies (°C)
-1 0 1 3 6

<10 -10 -6 -3 10 >10

S2S Centre: MULTI 2m temperature weekly mean anomalies (°C)
- - 1 3 6

<10 -10 6 3 1 0 10 >10




HageXXHoCTb NporHo3a tepuunen npuseMHou TemnepaTypbl B
mvoaenu NJ1AB (cnesa) n B mogenn MetOdomca (cnpasa)

Moscow - Reliability of tercile category forecasts Exeter - Reliability of tercile category forecasts

Reliability Diagram for 2-metre temperature

Center: HMCR; Season: DJF; Valid Range: 432-600 h; Region: Global
1.0

Reliability Diagram for 2-metre temperature
Center: UKMO; Season: DJF Valid Range: 432-600 h; Region: Global
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ROC kpuBbie nporHosa npusemMHon temnepartypbl B mogenu MNJ1AB
(cnea) n B mogenn MetOdwuca (cnpasa)

Moscow - Discrimination of tercile category forecasts Exeter - Discrimination of tercile category forecasts
ROC Curve for 2-metre temperature ROC Curve for 2-metre temperature
Center: HMCR; Season: DJF; Valid Range: 432-600 h; Region: Global Center: UKMO; Season: DJF; Valid Range: 432-600 h; Region: Global
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Weather prediction model intercomparison
project (WP-MIP)

* Physical, Al and hybrid medium-range
forecast models

e 122 10-day forecasts for 2024 initial data
(every 3d day)

|C Sensitivity

e - own initial conditions (OIC)
e - same initial conditions of ECMWEF (SIC)

e Additionally: everyday 10-day forecasts for
tropical cyclones fcst evaluation (SP1) ;
weekly 2-4 weeks forecasts (SP2)

Sp2sic s e
S2S Forecasts

Data Management

https://www.wcrp-esmo.org/activities/wp-mip



https://www.wcrp-esmo.org/activities/wp-mip
https://www.wcrp-esmo.org/activities/wp-mip
https://www.wcrp-esmo.org/activities/wp-mip
https://www.wcrp-esmo.org/activities/wp-mip
https://www.wcrp-esmo.org/activities/wp-mip

Modeling groups participating in WP-MIP

Center Acronym

Center Name

Country/Region

CPTEC/INPE

CMA

ECCC
ECMWEF
GEDL

DWD

JMA
KMA/KIAPS

UKMO

NOAA
RAS

Centro de Previsio do Tempo e Estudos Climaticos / National
Institute for Space Research

China Meteorological Administration

Environment and Climate Change Canada

European Centre for Medium-Range Weather Forecasts
Geophysical Fluid Dynamics Laboratory

Deutscher Wetterdienst

Japan Meteorological Agency

Korean Meteorological Agency / Korean Institute of Atmo-
spheric Prediction Systems

Met Office

National Oceanographic and Atmospheric Administration

Russian Academy of Sciences

Federative Republic of Brazil

People’s Republic of China
Canada

Europe

United States of America
Federal Republic of Germany
Japan

Republic of Korea

United Kingdom of Great Britain and

Northern Ireland
United States of America

Russian Federation




WP-MIP paper

 McTaggart-Cowan, R., Magnusson, L., Polichtchouk, I., Ackerley, D., Kbéhler, M.,
Casati, B., Chen, J., Hudson, D., Ujiie, M., Aziz, N., Bonavita, M., Bouallegue, Z.,
de Burgh-Day, C., Chamberland, S., Cho, K., Coelho, C., Fadeey, R., Fuentes, M.,
Garcia-Franco, J., Gibert, C., Guimaraes, B., Harris, C., Harrold, M., Husain, S.,
James, M., Kaltenbaugh, A., Koch, M., Kubota, P, Lee, E., Li, C., Li, W., Li, W.,
Lledo, L., Loveday, N., Lussana, C., Maalick, Z., Mateyisi, M., McGovern, A., van
der Merwe, K., Miller, J., Mittermaier, M., Mladek, R., Newman, K., Neves, A.,
Pill, J., Potthast, R., Pradhan, M., Rath, S., Richardson, D., Separovic, L., Reboita,
M., Skok, G., Srivastava, A., Tolstykh, M., Wang, Z., Woodhams, B., Yang, F,,
Zaripov, R., Zhang, G. and Zhu, H. (20265.

WP-MIP: An Artificial Intelligence, Hybrid, and Physically Based Model
Intercomparison Project for Weather Prediction. To be published in Bulletin of
the American Meteorological Society . Available at:
https://journals.ametsoc.org/view/journals/bams/aop/BAMS-D-26-
0012.1/BAMS-D-26-0012.1.xml .



Physical Models

AIWP Models

Own Initial Conditions (OIC)

Mean T500 error

Same Initial Conditions (SIC)
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Physical Models

AIWP Models

RMSE (K)

RMSE (K)

RMS error for 500 hPa temperature
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SL-AV10 kinetic energy density with different
orographies and horizontal diffusion setup

SLAV 120hr forecast 500 hPa KE spectra

S5LAV+120 arig

SLAV+120 ecmwf orog
SLAV+120 ecmwf orog smoothed
k™-3




Recent and ongoing works on SL-AV

* Implementation of EcRad radiation parameterization: promising results for
long-range forecast version, ongoing tuning for SLAV10 medium range
version — especially visible in precipitation seasonal forecast

* Implementation of other deep convection parameterization
* New (less smooth) orography with horizontal diffusion and GWD retuning



BblumcantenbHasa naaTtGopma

* Cray XC40 nukoson npounssoamntenbHocTtbto 1.293 lMdnonc 8 BL,
Pocrnapometa. 936 BblUUCAUTENBHbIX Y3/10B, MHTEPKOHHEKT Aries.

e Kaxkabin y3en - 2 18-anepHbix Intel Xeon E2697v4.

* Cray Fortran v ontTMummnsnpoBaHHaA Noa MHTEPKOHHEKT Aries
bnbnmnoteka Cray MPI.



[onst Hanbonee BbIMUCIINUTESNBHO 3aTpaTHbIX noanporpamm Bepcun MNJTAB10. Cnesa — ¢
6nokom pagnaumm CLIRAD SW + RRTMG LW, cnpaBa — ecRad.

Yka3aHo NonHoe Bpemsi cyeTa NPorHo3a Ha 5 cyT ¢ y4eTOM YTEHUS HavanbHbIX AaHHbIX U 3anncK pe3ynbTata NporHosa.

Wallclock

Wallclock
4909.3 s o
N 61.5%
5.5%
m= MPI_RECV ~ m= MPI_WAITANY == s|_interp == MP|_RECV ~ ®== MPI_WAITANY == acnebn2

== MPI_WAITALL rtrnmr all_others = MPI_WAITALL == sl_interp all_others



PaboTbl N0 yCKOPEHUIO Koaa

1) B 6n0Ke nonynarpaHxeBoro nepeHoca sBHegpeHbl MPl obmeHbl ¢
06beEMOM AaHHbIX, onpeaenaemMmblM akTyaabHbIM Nosiem BeTpa (0OmeHbl
«no TpeboBaHMIO).

*2) YmeHblweH 06bem 0b6MeHOB AaHHbIMM 33 CYET Y4eTa Pa3INYHOM
LWNPUHbI WabnoHa MHTepnoAaunmM Ana pasHbIX MHTEPMNOJIMPYEMbIX B 3TOM
6n10Ke cnaraembix YPpaBHEHUN AUHAMUKMN.

* 3) MaccuBbl NPOrHOCTUYECKMX NEPEMEHHDIX, PaHEE He NepeBeieHHble B
OZAMHAPHYIO TOYHOCTb M y4acTBYHOLWME B OOMEHAX AaHHbIMU MeX Ay
NpoLeccopamm U COOTBETCTBYIOLLIME MPOMEIKYTOYHbIE BE/IMYMHBI (Kpome
B/1A*KHOCTM BO34yxa) NnepeBeseHbl B OAMHAPHY TOYHOCTb. B ntore ob6bem
nepecbl/laeMblX AaHHbIX A8 3TUX NEPEMEHHbIX COKPAaTUICA BABOE.



[Nonsa Hanbonee BbIMUCNUTENBHO 3aTpaTHbIX MOANpPorpamMm Bepcumn
[MTTAB10 ¢ 6nokom pagnaumm ecRad nocne ontummnsaunmn MPI-obmeHoB v
nepexoga Ha OgMHapPHY TOYHOCTb OCTaKLENCS YaCcTU MacCcuBOB B Oroke

ONHAMUKWN.

Wallclock
4373.3 s
Cray XC40
2916 agep

61.4%

== MPI|_RECV ' sl_interp mm cgwd
mu MPI_WAITANY == acnebn2 all_others
== MPI_WAITALL



[ona Hanbonee BbIYNCIINUTESNBHO 3aTPaTHbLIX NOANPOorpaMmmMm BepCcum
voaenu MNIABO72L96 ¢ bnokom paanaumn ecRad nocne
ontumunsaunm MPI-obmeHOB 1 nepexony Ha ogUHAPHYK TOY-HOCTb
OCTarLlenca Yactn MaccuBoB B Brioke ANHAMUKMN.

13.2%

4.2%]
Wallclock

3016.8 s 4.1%)

0,
58.9% _ 3.4%

\ 4

== MPI_WAITANY == ecckd = sis|_driver
== MPI_WAITALL == RTOR_W_00 == acnebn2
== cgwd sl_interp all_others

Cray XC40 192 apep



BbiBOAObI

* MNAB10: skoHomMA 10 muH 13 140 Ha nporHo3e Ha 10 cyT (2916 aaep)

* HepaBHO — akoHOMMA eLle 3 MMH 13 130 33 cyeT 3ameHbl 3n1epoBa
BbIYMCNEHUA KOHBEPreHLU MM BAATK HA NosyaarpaHXeso (Ankesmnaaumsa
HecKonbKux MPI obmeHoB).

* C 2022 roga — Bpemsa BbiNoNIHEHUA cOoKpaTuaocb ¢ ~20 o 13.5 mnH Ha
CYTKM nporHo3a. OCHOBHaA YacTb B/1I0OKa AMHAaMUKK NepeBeaeHa B
OAWHAPHYI TOYHOCTb.

e lanbHenwan pabora:

— nepesBoa NapameTpusaymnim ob61a4yHoCTN N ryboKon KOHBEKLU UM B
OAMNHAPHYI TOYHOCTb

- NepeHocC BblMUCNEHUN NapameTpu3aymnm Ha GPU



Cnacmnoo 3a BHUMMaHue!
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