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Cucrema COSMO-Ru co3aaHa KONNEKTUBOM COTPYAHUKOL
caeayrowmnx opraHu3sauun:

1. ®IrbY "mapomertueHTp Poccun”
(B TOM Yyucae bonbLuas rpynna MojioabiX BbilMMyCKHUKOB
Ka(l)eﬂ,pbl MeTeopoJIormMn U KIMMaTtoJiIormum

reorpadpuyeckoro pakynstera Mlry um. M.B.JlomoHocoBa) ,

2. ®IbY "IBL Pocruapomera’,

3. Kadpeppa MeTeoposiormm n KnnMaTtosaornu reorpadpmyeckoro
dakynbreta MI'Y um. M.B.JloMmoHoOCOBa,

4. Orby "Cu6HUrMI”.
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Roshydromet Hydrometeocenter of Russia w
KomaHpa (33/20/@/13/5)

1. TexH. TMHUA : I.C.PuBuH, N.B.biivnoB, N.A.Po3uHKHNHA;

2. T2m : U.A.Po3unkuna, [I.B.bsimnoB, A.Il.PeBokaroBa, I.C.PuBuHn;
3. ART : I.B.CypkoBa, A.A.KupcaHos, Y.KocrpoBa, A.Il.PeBoKkaToBa;
4. Cuer : .A.Posunkuna, E.B.Kysbmuna, M.M.Uymakos, B.B.Koneiikun, E.Uyronns;
5. CeTKH : I.C.PuBuH, JI.B.bunoB, E.B.Tarapusnosuuy, M.B.IllaryHoBa;

6. AHCcaM0/1n : E./I.AcTtaxoBa, [1.1H0.Andepos, I'.C.PuBuH;

7. Ilorp. ciiou : B.JLIlepos, M.A.HukutnH, M.N.UymMaKoB;

8. VERSUS-2 : A.HO.bynaens, M.B.3aiiuenko, A.A.Kupcanos, A.B.MypaBbeB;
9. YcB. pansbix : I.C.PuBuH, /I.B.biuHoB, E.®unkennoepr, M./1.IbIpy1bHUKOB;
10. IToctonpoeccunr : M.A.Po3unkuHa, E.B.KysbmMuna, M..Uymakos,
11. bosioTa : A.FO. FOpoga, M.A.HUKMTHH;

12. ITouBa O.A.Ilpeccman, [I.C.PuBuH, W.A.Po3UHKUHA;

13. OnacHbie meteo. : Bb.E.IleckoB, [.B.baunos, B./1.Ilepos, I.C.PuBuH.

14. ITonap. uyukiaoHsl : I.C.PuBuH, M.A.Hukutun, M.N.Yymakos;
15. Paguanus : H.E.Uy6apoBa, A.ITomoxos, I.C.PuBun, M.B.I1IaTryHoBa.
16. Jlec : A.B.Ouanues, I'.C.PuBuH, 1.A.Po3unkuHa, E.B.Ky3emuna, M.A.HUKUTHH;_
17. Knumar : A.B.Kucnos, M.A.HukutuH, I.C.PuBus, B.C.IlnatoHoB, M.1.BapeH1i0B
18.Ynci. meropbl : B.M.l'onoBu3uun, [.C.PusBuH, /I.B.biuHOB,
CuHuiM BeT  — MoJIOXKe 33 J1eT, NofYepPKHYThI
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Roshydromet _ Hydrometeocenter of Russia n e. Eﬁ“E

1. rmo0aibHBIE U perHoHa/IbHbIE MOJe/IH
2. yCBOeHHE JaHHBbIX Ha0/1I0]eHMM,

3. moroga U KJimMar,

4. 3a0/1aroBpeMeHHOCTb IIPOrHo3a,

5. MacHITa0bI MPOLECCOB,

6. I1ar ceTKu ¥ paspeuieHue Moje/In

7. HerUAPOCTATUYHOCTD,

8. ancam0/11 MPOrHoO30B,

9. cucTeMa YMC/IEHHOI'O IPOrHO3a IMOroAbl
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T-E . CONSORTIUM FOR SMALL SCALE MODELING . : -_,' ___ : _ o

CO@SMO COSMO Map 2017:

Ha 1.01.2017: 8 uyneHoB KOHcopu,myma + 27 nonb3o0BaTeneun

Seven COSMO Licensees in 2016:

11.04.2017 11.30=12.3 AsmaTeneK‘ M, HoBocnbMpCK
Botswana, BraZ|I INMET, Brazil-DHN, Namibia, Oman, Saudi Arabia, United Arab Emirates
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STATUS OF WMO FORECASTING CENTRES
RELATIVE TO NUMERICAL MODELS

WMO Forecasting Centres using Global or Limited
Area NWP Models (Last update 11/2011)
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http: IIWww.wmo. int/pages/prog/www/DPFS/ProgressReports/2012/2011_GDPFS-NWP.html



YcBoenwe \
*Observation processing

*Surface analysis

*Nudging of atmospheric variables

and surface pressure

Roshydromet Hydrometeocenter of Russia

COSMO-monens. — <&@
= COSMO-5.1

UHnumnanvsauva
*Digital filtering

DORGIRTIM FOR S S0NE LOOENG

P L

*Latent Heat nudging /

DPusnka

*Grid-scale cloud and precipitation
*Radiation

*Subgrid scale turbulence closure
*Parameterization of surface fluxes
*Moist convection

*Subgrid scale orography

*Soil and Surface (multi-layer soil, lake
model, sea-ice scheme)

AvHamvka

2 time level 2" and 3" split-explicit Runge-Kutta

*3 time level split-explicit Leapfrog (optional)
*3 time level semi-implicit Leapfrog (optional)
5 order advective

Xumua
*The gas-phase chemistry
*Photolysis
*Aerosols

*Heterogeneous reactions

/ AvnarHocrTuka

Hau. & IpaH. ycnoBus. iie)

*|CON *Grib

*IFS ECMWF :getCDF
*COSMO-Model Restant_——

*GFS

*Near surface weather parameters

*Mean values

*Meteographs

*\VVolume- and Area-Integrals
(Synthetic Satellite pictures

~
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Synop,
TEMP,
Radiosondes,
Buoys,
Airplanes,
Radar,

R A | Wind Profiler,
AR e  Scatterometer,

*] # & |. N
s

L
t##'—#; o

i

e W * Radiances,
- GPS/GNSS,
Ceilometer,

Lidar
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: . Receive 300 million observations ’
Major assimilated datasets .
from 130 sources daily.
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ECMWF’s Future challenges in Handling
o and Manipulating Model and
Observational Data

Questions in “Big Dats

Slide 4 © ECMWF i - _AECMWF

ECMWF
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ECMWF’s Meteorological Archival and Retrieval System

ECMWF’s Future challenges in Handling
and Manipulating Model and
Observational Data

® Fully distributed (migrated 2012)
— 15 servers for metadata and data movers
— 40 PB primary archive
— 1 PB of disk cache (2.5%)
— 110 billion fields in 8.5 million files
— 200 million objects/65 TB added daily
— 7000 registered users
— 650 daily active users

— 100 TB retrieved per day, in 1.5 million requests

# Users and # Requests not directly under
our control...

=» Scale with # Users / Requests !
"""ECMWF




( o MPOLLECCHI LLIAT CETKM ans paspeluenus
MOJEJIN : rno6anbHble, permoHanbHble MACLUTAB, npouecca Mmojenblto
KM u BPEMA XXU3HW npouecca

NnaaHeTapHble BOJIHbI >10 0 1000km / 1 mecsy,

aHTULMK/IOHI, 10 000 - 2000 200kM / 1wMec. 1Hep.

(nonsipHble U Tponuueckue) / 1Hep. - 1cyr.

LMKJIOHBbI, 3
GPOHTbI, ME3OLUK/IOHbI 2000 - y200 20 KM

ropHblie BEeTpbl U BOJIHbI,

- 200 - 20 Z KM TCyT. - 14ac
MOpCKoM 6pus, M / yr
HU3KOYPOBHEBbIE CTPYMHbIE TEYEHUS U
ropoackas UMpKynaums, K
rpPaBUTALMOHHbIE BOJIHbI, 5 5 5

- M 1y
Ky4yeBO-A0XaeBble 06/1aKa, P 0 00 / ac
TYPOY/IEHTHOCTb AICHOIO HEBA O
11.04.2017~11.30=12.30 ABunatenekom, HoBocmbupck 19
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@ Roshydromet Hydrometeocenter of Russia é.éﬁ "wjﬁ
COSMO-MODEL

The COSMO-Model is a nonhydrostatic limited-area atmospheric

prediction model based on the primitive hydro-thermodynamical

equations describing compressible nonhydrostatic flow In a moist
atmosphere.

The COSMO-Model allows for three different applications, namely:

*NWP: Convection-permitting numerical weather prediction
*ART: Aerosols (dust, pollen, volcanic ash) and Reactive Trace gases
*CLM: Regional, high resolution climate simulation.

The consortium COSMO is responsible for the development and
maintenance of the NWP application, whereas the Karlsruhe Institute
of Technology, is responsible for ART and the CLM community for
CLM.

11.04.2017 11.30=12.30 ABunatenekom, HoBocmbumpck 21
www.cosmo-model.org



METOA,

11.04. 2017 11 30=12.3D

e - —=3

A Description of the

Part I :

Dynamics and Numerics

4.3.4 Outline of an Integration Step

Nonhydrostatic Regional Model LM

LM_F90 2.18 November 2002

As mentioned in the previous subsection, not all terms contributing to the tendency due to
slow modes are considered by the forcing functlon fu, which is used in the small time step
inteerated subsequent to time

sub-Integratio . -
splitting using the Marchuk splitting method (Malchuk 1975).

To illustrate this method, we rewrite the model equations in the symbolic form (4.31) as
o
ot

= sy + [3° H S5+ MM + MEB + MEP. (4.89)

s, denotes the terms related to the fast modes and fg 9 represents the slow-mode tendencies

except for cloud condensation and evaporation (;SYEI)_, computational mixing (M E M) lateral

boundary relaxation (MT;E‘B) and Rayleigh damping at the upper boundary (A ;?D ).
archuk, G. I., 1975: Numerlcal Methods in Weather Prediction.

TenekpM, HoBocmbmpck

Academic Press, 227 p.



e CORGCRTIA FOR SHALESONLE LODELNG
L@: Roshydromet Hydrometeocenter of Russia (ﬁ&.s “o

KOMIIOHEHTbI CHUCTEMBI MPOTHO3A ITOTObI
1. JIrome.

HaOiromareiibHasI CuMcTEMA
TermexkoMMYyHHKAITHMOHHAsSI CUCTEMA

BEIUHMCIIMTEIBHASI CMCTEMA

2.
3.
4.
5. CucTreMa YCBOCHMS JaHHBIX
6. IlpemnmpopoliecCCHHD

7. Monens

3.

IlocTmpoiieccuHr

11.04.2017 11.30=12.30 ABunatenekom, HoBocmbumpck 23
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E@SMO

. Wil ._.

COSMO-Ru7, Ax =7 km

11.04.2017 11. 30 12.3

COSMO-Ru2 (CFO Universiade, Sochi-

COSMO-Ru1l, Ax 1 1 km

ABuaTeneKoM, 080514614 CK

H
2014 X =2.2 km
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Roshydromet _Hydrometeocenter of Russia _ e. Eﬁ“ﬁ
Cucrema COSMO-Ru:

Al ONIC DA ABSHOI O 1101 NOSE
48 P L :l‘ ,’l ; 71 1dn=

VIO-Ru2
O-Rul

10-Rul3Sik

sograph
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Y3en ceTku

()
A4
I Lar ceTku
h
—
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7 9V GY Roshydromet Hydrometeocenter of Russia | e.s “o
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‘O6nacTb KBasuonepaTvBHoro nporHosa COSMO-Ru7-ART
~— iy e * B 0:00 BCB nporHo3 Ha 48 u.
- "+ B 12:00 BCB nporHo3 Ha 60 u.

* ceTka 135x150x40

* ~30-45°B.A4., 50-60°C.LL.
_*lar cetkun 7 Km
T eAt=40c

* HaYaslbHble U FPaHNYHbIe
) {c ycnosua COSMO-RU7
COSMO-Ru7-AR{lr « anTponorexHbie amuccun TNO
T ¢+ CO, NO, NO,, O,, SO,, PM,,
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) osan rnobaninan Hernpapoerarniieckas o LS MO
| (ICOsahedral Nonhydrostatic mode ——
«ICON siBnsietcsi pa3pa6oTkoii HemeLkoii cnyx6bl norogbl (Deutscher

Wetterdienst — DWD) n MeTeoponorn4yeckoro MHCTuTytTa um. Makca NnnaHka(MPI-M)
A1 CUCTEMbI I11006a/1bHbIX NPOrHO30B NOroAbl KAammarta HOBOIO MOKOIEHUS.

B 2012 NHcTuTyT TexHonornn B Kapnpya npucoegmHuicsa Kk padoram s
NOAKNKYEHNIO XuMnyeckorro mogyna ART.

Mcnonb3yeTca gna oneparnBHbIX NpPorHo3os ¢ 01.2015

O6nacTb [No6yc: p
LLar ceTku : 13 KM -> 2.95 MnH Tovek 1 auenka: 173 km? / '
Yncno yposHeii: 90 '
3abnaroBpeMeHHOCTb MPOrHO30B:
1744no00un 12 UTC
784B 06 and 18 UTC

BCcTpoeHHasa 061acThb:
Llar ceTku: 6.5 km

Uucno ypoBHen: ~ 60
3abnaroBpeMeHHOCTb NPOrHO30B:

78 4y no 00, 06, 12 n18 UTC
1 auenka: 43 km?

G. Zangl (Reytscher \Wettesdignst, Research and Develgpment),,, osocmcx 33
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Global model ICON
Grid spacing: 13km
Layers: 90

Forecast range:
174 h at 00 and 12 UTC
78 hat06 and 18 UTC

1 grid element: 173 km?

on-a
ICON
with zooming area
Europe

Grid spacing: 6.5 km
Layers: ~ 60

Forecast range:
78 h at 00, 06, 12 and 18 UTC
1 grid element: 43 km?

plus three other zooming
areas

{a DWD4at

COSMO-DE (-EPS)
Grid spacing: 2.2 km
Layers: ~ 80
Forecast range:
24 h at 00, 03, 06, 09,

12, 15,18, 21 UTC

1 grid element: 5 km?

[ I I |
0

700 1400 2100 2800 3500
Hohe der Orographie in m
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D. Maiewski (Deutscher Wetterdienst. Research and Development. detlev.maijewski@dwd.de)
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(Deutscher Wetterdienst, Research and Development

detlev.majewski@dwd.de) .. ...cr wetterdienct

Wetter und Klima aus einer Hand

-

Static Domain
Decomposition

Example; 1100 PEs

800
600

runtime

- total
400

300 = Physics

200

100

50

11.04.2017 11.30=12.30

5760 11520 23040 46080
MPI tasks x OpenMP threadshyperthreading enabled

ABunatenekom, HoBocmbumpck

Scaling of ICON (5 km grid spacing, L90) on Cray XC30 at ECMWF (Reading)

= DyCore (nh_solve)

92160
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CORGCRTIA FOR SHALESONLE LODELNG
9 @ Roshydromet Hydrometeocenter of Russia ‘s “o

OHEHTI)I CHCTEMH ITPOTHO3A

HaoOG/sromaresibHasI cUCTeMa

Te/leKOMMYHMKAL[MOHHAsI cruCcTeMa
Breiruuc/iimuTesibHasi CUcTeMa
CucreMa yCBOE€HUSA JaHHBbIX
IIpernpopoliiecCHHr

Mogeb

11. O;IL;o‘I;7 11. o 12.30 POHECCHHF

ABunatenekom, HoBocmnbumpck 37
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—COSM

1 30 22300
8,5 203 11879

B d4RP laye?d69

27,5 830 1546
35,5 975 214

39,5 997 20
40 998 10

491%4.3‘(919011.3042.300

drumet 'i rometeocenter of Russia

—’E_N -’*-'-1'.a--.- ..pi!‘t"" ._ -
1,,35‘ S et

Vertical grid for variables:

n-1/2 w, Z
n Tuyv, p,
n+1/2 w, Z

e ————— L —
7 — layers soil model

ENERGY WATER
0.00 m 0.00 m
0.01 m 0.01 m
0.03 m 0.03 m
| 009 m 0.09m

0.81 m 0.81 m

2.43
m 243 m

T7.29m

GRAVITATIONAL
DRAINAGE

21.87m
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Roshydromet Hydrometeocenter of Russia

] COSMO-Ru2/Rul
YpoBHH B atMocdepe
ATMOC®EPA: 50 /70 ypoBHeu
N p,mm 2z m
n-1/2 w, Z
0,5 22000 n T, u, v, p,
e n+1/2 w, Z

12,5 11807 .
Huxe 1550 m - 13 yposHeii 7 — c/I0MHAsA MOJie/1b MOYBbI

NMNorpaHuyH
¢how

bl
5162

Huxe 550 M - 8 ypoBHen

36,5

42,5

49,5

50
50152017

1450

500

20
10

11.30=12.300

JHEPI'IS

ABunatenekom, HoBocmbumpck

0.00 m
0.01 m

0.03 m
0.09m

0.27m

0.81 m

243 m

7.29m

21.87 m

BOJIA

0.00 m
0.01 m

0.03m
0.09m

027 m

0.81 m

243m
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COSMO-Ru7
23 589 22 000 &&
COSMO-Ru2

18 834 4 19 085
15978 8 15 587
13763 10 13 998
11879 13 11 807

11 10 211 15 10 470
13 8711 18 8 643

VO N 0 W e

<1550 m :
12 levels
13 levels

5035
4060
3201
2456
1823
1295
871
542
303

143
04.2017 9’11 .30=12. 38

<550m :
8 levels
8 levels

natgnekomM, HoBocuémpc
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Roshydromet Hydrometeocenter of Russia

BbiyucnuresibHbin KOoMnJsekc PocrugpoMerta

BOAUTE/IbHOCTDb

SGlI ALTEX 4700| SGI ICE-X PCK TOPHALO
Tun Intel Itanium 2 Intel Xeon Intel® Xeon® E5-02600
npoueccopoB (Z'ﬂneprlﬁ) (10'ﬂnepr||7’|) (8-7-|p,epr||/|)
KonuyectBO
y3nos | 13/ 72 | 96 /
afep Ha ysen 128 (1664) 10 (720) 16 (1536)
(Bcero)
OnepatuBHas 2 [GainT 3.2 Méaur 4 I6ainT
namsaTb Ha A4po
MNukoBas npous- 11 Tcpnonc 14 Tchnonc 35 Tdononc

=1 000 000 x 1 000 000 = MWUNIMOH MUI/TUOHOB Onepauun B CEK.

11.04.2017 11.30=12.30

1 Tchnonc = 102 onepayuit B CeK =

ABunatenekom, HoBocmbumpck
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At

JIPQrHO3 KA, 5 5,78 h
IC & BC — initial and boundary conditions

O6nacTb  : 13200 km x 6100

I'Ipor|-|03 Ha: 78 h
ith-/ 360.000 y3noB

m X 3500 km

HY &Iy km
A x : 13.2 km
> At : 120s
< | MporHoz Ha: 120 h
E O6nacTb: 49001(m X 4340 km o 20 000 000 y3noB
AX : 7km " hooveed
At :66s

Mocksa 3

I
VFO 910 105 000 yanos

Tpu o6s1acmu
O6nactb  : 900 km x 1000 km O6nactb: 210 km X 210 km

A x : 2.2km A x : 1.1km
izégkm At :15s At : 55

MporHo3Ha: 42 h MporHos Ha: 36 h

ABunatenekom, HoBocmbumpck 1 800 000 y3noB



o' Cuerema'COSMO-Ru
TeXHONOrn4Yeckana NUHUA

Cpok

HaonaeHns

o6y 004 Qruasm 02435Mm 02450Mm 03447Mm
(4438m
v, B®O
cBOeHue COSMC
AaHHbIX DO

COSMC

|+ YcBoeHue pasapos B COSMO-Ru2 ans IO |
1* RAP (RAPid refresh) I
[
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DOPGORTRM FOR DU SCE IOTEL NG

MpoAykTul cucrems COSMO-RIE@ S MO
B kv 8000 xapt v 1000 meTeorpamm

[ Suehi CFM_Kerla - Hydromelcenire of Russia | Len: 40.265 | Lat: 48728 | Height: 1544m |
D oreenst for 78h. - luitial data 18.02.2014 £:00h. MSK (00h. UTC) | Model COSMO-RU 7km | [ssued: 18.02.2014 07:42 MSK |
oMOuHaUnn napameTpoB n i
5 - A - Bl e U oo e,
7o e S ) i %

0 O6LUMpPHbIE PETNOHB
O «Bblpe3ku» NoBbILWEHHONM AeTanm3aumm

(LleHTpanbHbIN pervoH, JanbHui
BocTtok, , Cnéupb, bantuinckoe,

yBAPSHIRERD MOBFS RLA)

01:00 17FEB 2014 (MSK):
15:00 16pex 2016 (MCK): Betep Ha 10m

N\K{&\"\\ a
\\Mw\«\
Mpoaykuua GRIB, a Takxe-
7 AOMNOJIHUTEJIbHO — corlacoBaHHbIX C
Mporkso3 wa 484, oT 15:00 T4pex 2016 (MCK)
‘ o R 1042017, 1130502 W PRI (121 =R ) ) AR (s el ol

COSMO-RU 7km —> Wind direction CVS & etc-)



~=— TIpum
Cymma ocagkoB 3

WLOMARK D4 HPTADIAYLWKE 1L MaLuD MM ]

. "5' 3
24

_a) Roshydromet_ Hydrometeocenter of Russia

iyt COSMO-Ruz (
BnaXHOCTb U JIMHUUN TOKa

Hanpasnenwe getpa, OTHocuTensHas snaknocTs Ha HB00

rHo3 Ha 424. o7 15:00 T4gex 2016 (MCK)

MO-Ru 2.2km —— JlaBneHne Ha ypoBHe MOpA

NMpupocT BbICOTbI CHera

15:00 150ex 2016 (MCK): MpupocT BucOTH cHera 3a 24y,

EpHO2 Mope

www.nelsainforu

Npupoct mucoty chera sa 244, [eu]

MporHos Wa 244. or 15:00 14zex 2018 (MCK)

11.04.2017 Moctnpoueccuir COSMO—Ru 2.2km

JlIeKoM, Hos

—» Hanpasnenue seTpa

A :
«f 204
Wl
P T
iIrmoa we 144, oT 15:00 14pex 2016 (MCK)

1:00

man0cTe wa HBOO [%]

X

T BB Y S H &
o e 5

H17.5

103 Ha 424, oT 15:00 l4gex 2016 (MCK)
O-Ru 2.2km

T2m,

150ek 2016 (MCK): T2m, T850

rHos va 104, oT 15:00 T4pek 2016 (MCK)
MO-Ru 2.2xkm

CLRLERLL.

Tennepatypa na 2 [°C]

15
Ina.s
10

Hs

45

Nopube BeTpa na 10u [u/c]



BC npopyici Shcreine COSMO:RU: ¢os

CvnbHble AoOXAV BbISBaIU MeTteorpamma ans lenedpkuka
KaTtacTponueckue NasoaKv 05/07/12, 12 UTC, fc+78 h

Sochi Gelendjik W — MNpenocTasnedo: [ Y "MuapemeTrusntp P2" | Donrota: 87.235 | Wwpota: 44,58 | BecoTta: 40, 768M
Mpordoz He 78 wacafop) oT 05.07.20712 16:00 MCK {124, UTC+0) | Mopens COSMO—RU / Pem | Paccuutano: 05.07.20712 19:31 MCK

soa e TTTLTTTITTTTITO AL NN n v AR HRRTUN R Al PPN
voa ,-,B./XYW’ f(R rrry ((i KK\KK‘\“\;-_, e e VRN \\ﬁ\ﬂww@mw%ﬁmw 780 rMa
WIND 7 T e o T T T o] s s,
oo 0L HALTII5 0 \7\1{% %@Mwmws%m
10 M‘\J«H,__Lix Aol N WJ/‘/JJJJJJJJJJJJ };>>>§\?\7 Mf‘/\/y\/ymwrr Jf' F/ o
T R e e r s S S
Tew—pal®C) 35:; ;:35
TEMPERATURE, - o e o e e 2 e L
- 06Juy 07 July 08July 2012
PMSL o] o
o 77 mm/15h =

53 42 %8 3.3 ?* 3 e
PRECIPITATION® & -lll u
(M, uac) ,2-: :_2
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Roshydromet _ Hydrometeacenter of Russia

_Low visihility event -

€@

Cloudiness formation due to adiabatic cooling of the moisture air

during it rise along the slope of the valle
February, 16-17, 2014

2014-02-16
14:02

Camera shots at Gornaya Karusel- 1500
11.04.2017 11.30=12.30 ABunatenekoM, HoBocmbupck



DORGORTRM FOR SHALL STAE 0BG

Roshydromet _ Hydrometeacenter of Russia é
Low visibilityevent ™

COSMO-Rul

Low visibility event during Sochi Olympics

L =
.

oL,

Relative humidity at 2m: series of the forecasts for the sites

Biathlon Stadium (1455 m)

100
NER ) = Roza Khutor-4 (1580 m)
% \ |\\ / 100 — ‘ ~
, =N \/ e AN
Z 85 \ \ J / / / I Y |—2014021600 95 / \ ’% 7( /
i L SR NN ) e
E 75 ‘ O 2014021612 §_ 90 — 2014021606
2 5 \/ \ / \ I 2014021618| | T \ \/ 2014021612
% s \\ / / \ — 2014021700 E 85 \ — 2014021618
@ \\ \ —2014021706 g Y\B / L —2014021700
60 —2014021712|| | B o . ™ — 2014021706
55 —2014021718| |« \/\/ —2014021712
s I—observation 75 —2014021718
6 9 12 15 18 21 0 3 6 —observation
February, 17 February, 18 70
6 9 12 15 18 21 0 3 6
February, 17 February, 18

COSMO-Rul forecast for relative humidity and wind allowed forecasters to
predict changes in visibility (“good visibility window”)
and determine the time for the competitions.

11.04.2017 11.30=12.30 ABunatenekom, HoBocmbumpck 48



Roshydromet Hydrometeocenter of Russia

2013

3a CYTKH MOAroTaB/IMBa/I0Ch U PACCHL/IA/IOCH

3000 u 2000 meTeorpamm
2016

3a CYTKH MOAroTaB/IMBAETCA M pacChbl/IaeTCs

0o1ee 8000 xapt u 2500 MeTeorpamm

11.04.2017 11.30=12.30 ABunatenekom, HoBocmbumpck 49



Roshydro meb“ﬂgﬁﬁi@%ﬁmﬁma

~ BbisBaBLINe KaTachochw-lecKoe HaBOAHeHMJeu |?

y6aHu

2012

171 noaubsio
34600 nocmpadasio
5000 domos pa3pyuwieHo

Rostov-on-Don Vol = T— = e e e

Mariupol - Z S e |
op Q = —— ~ — - - :"f;-_m?'j
T - = -
P — - — - = '_-___-_.
Berdyansk =
Sea of Azov ==

oL 156 mm/12h

Feod osiya g Mar Armavir
Anapa e o [=]
387 mm/12h ;

Labinsk Newin|

275 mml24 h GE|E%|‘IIK Tuapﬁ,e Maykop

?" ';\
o

[
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Roshydromet Hydrometeocenter of Russia

MNpoayktuel COSMO-Ru2 -

CunbHble ocagkv, Bbi3BaBlIMne
HABOAHEHWVE 14.00 Opuon 2012 (MCK): Pusiy OCBAKY, 06/1a4HOCTbL CpefHero

Mooesnb
nokasa/sia : - -
Cu/IbHble 0caoKy—18
B i © |

UHmepecyemdi
o6s1acmu

-,
-
.....
hl)
-

]

Y
", a
ST T

-,
~~~~~

HHOCTh CREelHero Apyca
o
L]

20 : K pacusdi ..I:lmnua .
: ,q_ o "I015R -
10 — : 1010; \"«.,-; ;

*OTTEHKn ceporo: : |
o6naka A

#
,,,,,,

* LIBeTHbIe: ocaKu

______
------

g
* UsonuHum: Py, RS ..:___‘_Qj:;:.:_;_-_~_;::-.:_.- _’
| y N S ] we p" S """n.,.,."""'--.--‘ ‘,--""- CLbped TN A\ T
11.04.2017 1].30-1Bpema Ou. Jor 04:00 @@m@n&@&m&%@l@,m o

COSMO-RU 2.2km — D aBneHne Ha YPOBHE MopA



Roshydromet Hydrometeocenter of Russia o
COSMO-Ru svstem products G. SMO

English: Track map of Typhoon Neoguri of the 2014 Pacific typhoon season. The points show the location

of the storm at 6-hour intervals. The colour represents the storm's maximum sustained wind speeds as
classified in the Saffi—Simpson hurricane wind scale (see below), and the shape of the data points
represent the nature of the storm, according to the legend below. Location

Saffir—Simpson hurricane wind scale and

[ Tropical depression <38 mph <62 km/h [] Category 3 111-129 mph 178-208 km/h  PI€SSUIE

|:| Tropical storm 39-73 mph 63-118 km/h |:| Category 4 130-156 mph 209-251 km/h in the
center of

I:l Category 1 74-95 mph 119-153 km/h I:l Category 5 2157 mph 2252 km/h the

[ ] category 2 96-110 mph 154-177 km/h [_] Unknown cyclone

i were

~hl) [
} 5 O NbCK r4g D487,
‘ \J 558
g /—560
enABKHCK

P
D64

7 Tk

Tracking data is from NOAA.

Lead time 0. [or 00:00 0Buan 2014 (UTC+0) — H500

11.04. 2003 MO2ORIF.30 3k m ABunatenekoM, HoBocmbupck 52
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Roshydromet

> ENA (Europe - North Asia)
> Ax=Ay=132km, At=120s
> 1000 x 500 grid points

> PENA (Polar Europe - North Asia)
> Ax = Ay = 6,6 km, At=30s
> 1200 x 540 grid points

> BKS (Barentchevo - Karskoe Sea)
> Ax = Ay =2,2 km, At=10s
> 1000 x 1100 grid points

11.04.2017 pisinSfmidits ABunatenekom, HoBocmbumpck 53



Roshydromet Hydrometeocenter of Russia

i
— o

Bepunchvkauns COSMO-RU MO CNYTHUKOBLIM AAHHbIM

[MporHo3 ot 2014.03.26 00
UTC Ha 07:45 (npn3emHoe
nasneHne, obnaka cpegHero

spyca)

Ha6niogeH
. na (MODIS) &

Mopgen COSMO
PeanNCTUYHO
BOCNPOW3BOAUT
06NaYHoOCTL B

11@%?'91"!@?5!4"”'0“3)( ABunatenekom, HoBocmbumpck 54
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Roshydromet Hydrometeocenter of Russia

GeOIGia . yinin s
Azerbaijan

Mot
R

Iag -

344704

Saudi Arabia

KpacHsbie npsAIMOYTrO/IbHUKA —
Tripe/jjlaraeMbIi 1[eJIeBOU JOMEH
st SWFEDP-1lenTpanbHast A3usi U Cy0-10MeH
(ctp. 16 IIpoekTa)

11.04.2017 11.30=12.30

DORGORTRM FOR SHALL STAE 0BG

| Map ‘ Satellite | OpenStreetMap |

( >
h v
Moscoy K
Mmﬂf(ﬁ] = Novosibirsk
- HosockBrpek
+ C"/ ‘Lﬁ.\{—\ 5 P
Astana Ln
AcTana /\ N /‘ﬂ-\«,
arkiv : L e od! { .
Ems“\‘ e v M )
3 : N
trovsk s q Kazakhstan <.
POBCEK: * /" . \} Mon
- {id
e —a.\l‘
a = \
ey Turkmenistan
\EE?_ — --M/QWIP an ‘/—:s:gébat
& i 3 e Mashhad.,_# ¥
| Syria J r{[ BENhade s .
mon -~ \ Esfahan iEd
& Irag % & W
- Basrah _Faisalabat Lahore '\ c
Dldl.ll \“\\ 8 "1 ,\/ /P :saa 32 u "\>L
S S d i --
& - = axieian " New Delhi /- \‘.-.\

YepHblil U 10/1y0011 YeThIPEeXyrOJIbHUKHA —

MHHHUMaJIbHbIe 11ejieBble JoMeHbl COSMO-CAS

mis SWEDP-LlentpanbHas A3suvst
500%375 mipu Ax = 6.6 kv HE) 3300%2475 KM,
230%160 npu Ax = 6.6 kv EE) 1050%2475 KM,

ABunatenekom, HoBocmbumpck 55
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@ Roshydromet_ Hydrometeocenter of Russia @#.s “o

J PaGora no nnanam Pocruppomera
J PaGora no mepcneKTMBHBLIM NIaHaM KoHcopuuyma COSMO

1 MeteoGecneuenne cneqHanbLHbLIX NEPHOOB

> Kasanb-2013, Jlernnn Yausepcuaja

> Coun-2014, 3umuaue OIMMIIMHACKHAE UIPbI

» Nanuauii Bocrok -2016, Poccus —KuTaii: geyxcroponnee corpypmmuecteo

» AnMarbi-2017, 3uMunan YHHUBepCHaja
> PyeongChang-2018, 3umHue ONMUMIUICKHE UIPbI
» KpacHoapck-2019, 3uMHAA YHHBepcHaja

- PaGora no.npoexram PH®;xo30r080pa 56
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I'IbmopmeTHbm npbéKT CORSO KOHcopu,M)}Ma COSMO
Pykosogutenu: I.C.PuBuH, U.A.PO3MHKMNHa -

CORSO
(2012-2014) -
Consolidation of
Operation and

Sochi
Olympic Games

COSMO Priority Project

Research results for the

YuyacTtHuku: Poccus, NepmaHud,
LLiIBeruapus,

Utanua, Npeuunsna

KoopauHauua: Poccus

sochi.ru
201y

Llenb npoekra: /-
O6bepgnHUTL , pean M3OBaTb M
NPOAEMOHCTPUPOBATb BO3MOXKHOCTH
OnepaTUBHbLIX TEXHO/IOTUM MO
KPATKOCPOUYHOMY YNCIEHHOMY
NPOrHO3UPOBAHMIO NOroabl CTPaH
KOHcopuuyma Ha 6ase moagenn COSMO
ANA 3MMHUX YCNOBUIA TOPHOU MECTHOCTHU
ANA NPAKTUYECKOTo NCNO/Ib30BaHUSA
pe3ynbTaToB B Xo4e meteoobecneyeHums
3umHeun Onnmnuaabl 2014 r.

(co3pgaTb NPOTOTMN HOBOW TEXHOIOTUM
Mme3omacwwTabHoOro nporHo3MpoBaHus)



T ] . DORGCRTILAM B0 SUALL SLALE LOTEUNG
& ) Roshydromet_ Hydrometeocenter of Russia . e.s ﬂ@

CORSO: npoeKT KOHCOpLMYyMa

HAI'IPE@B-WQ. MoapoenupoBaHue C BbICOKUMM pa3pelieHueM
ONA TOPHbIX PAaUOHOB

1.1. yCOBepI.IJeHCTBOBaHML PeYanom!bﬁMJrKoro NPOHro3MpPoOBaHUA MOroAHbIX YC/I0BUM

C paspewieHneM Mmogenu 2x2 kM ansa Cesepo-KaBKasCcKoro permoHa
1.2. PazButue COSMO—RU-SO c warom 1 km

llllllll

HAMPABJIEHME 2. JayHCKAWUJIMHT - NOCTNPOLLECCUHI U
NPUJIOXKEHUA

2.1. Paseutne apantnpokdn itk Teu AV aeitAntraHERs IMMHUX rOPHBIX YCNIOBUIA € yYeTOM
Tpeb6oBaHmnmn MOK

2.2. BbiBNI€HUE TUMNYHDBIX OLUMOOK MO,D,EJ'Ieﬁ ANA TUMNYHbIX MEeTeopPOoZI/IOUYECKUX-
CUHONTUNYECKUX YCIIOBMﬁ

HAMPABJIEHME 3. Pa3zsutue M apantauma cuctembl COSMO-
EPS pnna pernoHa Coum (Pyk. E.L1, AcTaxoBa,

3.1. Apantauma COSMO LEPS 7 klpdMi@iyiTa@ini20)4 v Tpe6osanuam MOK. O6ecneyenme
onepaTtuBHbIMM aHCAMbaeBbIMU NPOrHO3aMu B NEpUOAbl COPEBHOBAHUM

3.2. PasButne u apantaumsa COSMO-RU-LEPS 2.2 Kk pernoHy Coumn (c ycnoBussMu Ha rpaHuLLax
n3 COSMO LEPS 7

11.04.2017 11.30=12.30 58
ABunarteniekoM, HoBocMbmpck
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= .-_J_,J_,_,.u:r ,.ﬁ'

_ _.£@smo

.._-.1'-1" - o "ﬁ“ " = —
COSMO-Ru system for PyeongChang 2018
MO model in
COSMO-ICE66 COSMO-ICE16 COSMO-ICE04
Domain 2770 x 2770 km 825 x 825 km 180 x 180 km
420 x 420 grid points 500 x 500 grid points 400 x 400 grid points

Grid spacing 6.6 km 1.65 km 0.45 km
Number of vertical
levels 40 50 80
Time step 60 s 12 s 3s
Forecast lead time 60 h 48 h 24 h
Driven model ICON COSMO-ICE66 COSMO-ICE16
Initial and boundary 3h 1h 1h — 15’

conditions update

11.04.2017 11.30=12.30

ABunatenekom, HoBocmbumpck
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(@)C organizing NWP system for PyéongChang i S MO

b \ " Domains for NWP_
z. f S

g ;
AN /' COSMO-ICE66
I dx = 6.6 km

COSMO-ICE16
dx = 1.65 km

COSMO-ICEO04
dx = 0.445 km

. e @ © ey
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‘ Thursday%/016—01—28 03 UTC ’\/ i

Snow ‘event on'January 29:30, 2016 E@ S MO

COSMO-ICE66 forecast from 28.01.2016, 00 UTC + 60 h__
Pmsl, Midlevel cloud, 3h accumulated precipitation.

| 7"  “Midlevel Precipitation
; cloud, % ! mm/3h
4 oy Y >50
T ..' .

Q i
¥ 7
- 57 v >90 |
ST \ ‘B 25-50
L ACR O

70-90 % 4525

) | 50-70'9 10.15 .
-~ T — 30-50 ¥ 510 |
nnnnnn ] A “‘ 10-30 ! 2.5

A 12|
- " 0.1-1

" e

_J..
: ’ /

; > \
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Sriow ‘event on'January’ 29:30, 2016 E@SMO
COSMO-ICE16 forecast from 28.01.2016, 00 UTC + 48 h
Pmsl, Midlevel cloud, 3h accumulated precipitation._

Mid.level .Precipitation
cloud, % : mm/3h

Thursday 2016-01-28 15 UTC ‘

>50
- . >90 I 25-50
7090 200
| 50-70 || 1015

I 30-50 M 510

10-30 | .5

1-2

" 0.1-1
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Roshydromet _ Hydrome ter of Russia
vl in §F| Max-Planck=lnstitut _ R :
x e, | € —emsmses s _—==Deutscher Wetterdienst

fur Meteorologie Wetter und Klima aus einer Hand Ny

Karlsruhe Institute of Technology

ICON

Recent model improvements and current status of the limited-area
mode

Gilinther Zangl, on behalf of the ICON development team
CCIA User Seminar, Offenbach, 07.03.2017
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WO verification against observations
leachtime: ¥2h
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e

N Ehimam ICON
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g T850 UK
| .| Japan
21 s France
S . : DWD
WMO verl_flcatlon against 18- ECMWE
radiosondes
1.5-
Comparison between DWD H850 ‘JS"?V"’I‘DH
and other global NWP centers = _ France
" - Em.
RMS errors of temperature, =# é s
geopotential and wind speed UK
at 850 hPa, ' ECMWF
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northern hemisphere V850
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T . A N level: BEOhPa T
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UK
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. 1.4+
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RMS errors of temperature, &,, §
geopotential and wind speed at B
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|
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¢ DWD
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s
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Impact of new bare soil evaporatlon scheme RHand T @ 2m
SW-Sib

score value

0.05-

0.00+

Roshydromet Hydrometeocenter uf Russia

——

,ﬁ"*‘-' :‘,r‘

eria, September 2016

2(116!{)9.'"(}1 00UTE - 2G1E{JQI3G-1BUTC
INI: 00 UTC, DOM: §-W Siberia, STAT: ALL

red: routine, black: new
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@ Roshydromet Hydrometeocenter of Russia

ECMWF is not always better than ICON:
RH and T @ 2m, Central Europe, December 2016

2016M12/01-00UTC - 2016/12/31-12UTC
INI: 00 UTC, DOM: CDE , STAT: ALL

ME ME
RH TZM
0.0001 W
0.025-
-0.050-
-0.075 -
@ Valid hour
g AMSE RMSE
o Experiment
E *!cur?
0 <= ifs_icon
0.20-
015+
010+
0.05-
0.00- ! ! L i ] 0-

w @ S 0w @y

= t‘? ka2 o Oy W LA

v @ T o ¥ @
oW @™y W @
T T

forecast time
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Roshydromet Hydrometeocenter of Russia

" ECMWF is ot always better than ICON:
RH and T @ 2m, Central Europe, January 2017

2017/01/01-00UTC - 2017/01/31-12UTC
INI: 00 UTC, DOM: CDE , STAT: ALL

_—

ME ME
RH T2M
1.5-
0.00- /\/\/\/\/\/\/\f 1.0
' ) L 0.5-
-0.05-
0.0- 4
O d Walid hour
5-0.10- -0.5- —ALL
g RMSE
@ Experiment
o < icon
d 5-
2 0.20 = ifs_icon
4-
015~
3_
010+ 4
2.
0.05- 1.
DIDD- T T L T T T T T D- T T T L
ST RN FIE S ERNEIYE

forecast time [h]
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Wetter und Klima aus einer Hand

Status of ICON-LAM (limited-area mode)

technical aspects

Model grid needs to be precomputed with grid generator

Preprocessing tool ‘remapicon’ executes only horizontal
Interpolation from source data to ICON grid

Initial and boundary data from ICON, COSMO and IFS are
supported

Vertical interpolation is done within ICON; thus, changing the
setup of the vertical grid does not require rerunning remapicon

Boundary data can be read asynchronously with prefetching on
a dedicated processor
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Status of ICON-LAM (limited-area mode)

technical aspects

Boundary data can be restricted to stripes along the lateral
boundaries, covering the interpolation and nudging zones
(COSMO model always requires data for full domain)

Apart from boundary data supply, the limited-area mode is
technically nearly identical to one-way nesting, where boundary
data are updated at each model time step

This implies that no physics parameterizations are active in
boundary interpolation zone; model output can be masked there

Nesting (one-way or two-way) can be combined with limited-area
mode
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Status of ICON-LAM (limited-area mode)

data assimilation

Unlike the COSMO-model, no built-in nudging data assimilation
is available (3D-Var | EnNKF DA is separate code package)

Instead, the forward operators needed to couple ICON with
KENDA will be provided by interfacing ICON with DWD’s DACE
(Data Assimilation Coding Environment)



@ Roshydromet Hydrometeocenter of Russia éié.s “o
Research application: HErZ NARVAL

I HD(CP)?

O LA I A v INE GORAT Ruange ocean 10 AUS5BTY

Domain |I: A=2.48km; At=24s 10°S to 20°N; 68°W to 15°E
https: //Eoo.gKbeIZT

Domain Il (two-way nested): A=1.24 km; At=12 s; 4°S to 18°N; 64°W to 12°E

75 model layers with model top at 30 km

Model runs are performed at ECMWF on a Cray XCA40;
Broadwell processors; 1440 MPI-processes, 12 threads; 17280 cores;

36-h forecasts in 5600 sec; 2 TByte output / run.

Daniel Klocke (DWD), Matthias Brueck (MPI-M)
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Daniel Klocke (DWD), Matthias Brueck (MPI-M)
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Tropical cyclone FIONA

ICON HErZ - NARVAL-II - HD(CP)’ Simulations: 20160817 +10.0h

Column Water Vapor kg/m?

15°N

10°N

5°N

0°

5°8 4

60°W 45°W 30°W 15°W 0°

15 20 25 30 35 40 45 50 55 60

Simulation by Daniel Klocke (DWD) and vizualization by Matthias Brueck (MPI-M)

Daniel Klocke (DWD), Matthias Brueck (MPI-M)
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Tropical cyclone FIONA

ICON HErZ - NARVAL-II - HD(CP)* Simulations: 20160817 +10.0h

r _ kg/m?

Column Liquid Wate

15°N

10°N

5°N

0°

5°6

60°W 45°W 30°W 15°W 0°

0 0.005 0.08 0.4 1

Simulation by Daniel Klocke (DWD) and vizualization by Matthias Brueck (MPI-M)

Daniel Klocke (DWD), Matthias Brueck (MPI-M)
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Comparison between ‘ICON-DE’ and COSMO-DE

Hindcast experiment for February 2016, initialized with interpolated
data from ICON-EU and driven with lateral boundary conditions
from the ICON-EU assimilation cycle

Mesh size 2.5 km for ICON, 2.8 km for COSMO-DE, domain
configuration nearly identical to that of COSMO-DE

Computing time about 70% of COSMO-DE despite slightly higher
resolution



geometric height of the earths surface above sea level
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D) BAccumulited Bréeipitation (2 days; mm)

— o

total precip kg m-2
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Roshydromet Hydrometeocenter of Russia g,dé

Hindcast experiment COSMO-DE vs. ICON-DE
Surface verification for February 2016

2016/02/01-01UTC - 2016/02/28-00UTC
INI: 00 UTC, DOM: ALL . STAT: ALL

ME ME
RH2ZM TD2M

> | 0.04+ N\ ]
r‘:::- -'.':_,
| 0.00- . e
-0.02 \/\ Ve
g _ . RMSE || AMSE RMSE
% . RH2M . TD2M FF
@0 0.12+4 15- ”:I l\\\ B o m
:- m—m - ' | 157 !
0.08+ ! 10-
1.0-
0.5- 0.041 0.5- 0.5-
2m temperature 2m rel. humidity 2m dew point 10m wind speed
0.0- 0.00- 0.0- 0.0-
S h b e AL B Ey S hee AbEry SheoNbENy om e 6N s

time of day [UTC]

11.04.2017 11.30=12.30 pevarencrom, HosddlagK: COSMO-DE, red: ICON-DEs
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Conclusions

= ICON achieved a substantial improvement in forecast quality
over GME

= ICON-LAM is ready for use without data assimilation (first
training course was last week)

= First comparisons with COSMO-DE already indicate significant
improvements, particularly for variables for which COSMO-DE is
known to have weaknesses
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COSMO and ICON-LAM

D. Majewski (DWD)
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Tendency correlatlon of surface pressure forecasts
from 1968 to 2016 for North Atlantic and Central
Europe

(I

Vorhersage-
zeitraum
=24 h
=48 h

= 72h

== 96 h
=120 h
=144 h

- 168 h

Tendenzkorrelation

BKL BKF GM GME GME GMEGME | [ICON
381 254 180 60 0 30 |20 13
0.6 "

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Jahr
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WICON features which are |mportant
for COSMO-model users

" Mass conservation

" Mass consistent tracer advection

= Stable dycore for steep terrain

" Up-to-date physics packages

" One-way and two-way nesting options

" Hybrid MPI / OpenMP parallelization, highly scalable

" Lateral boundary data in frame form, not for full domain
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Roshydromet Hydrometeocenter of Russia e.s
Tentatlve schedule for COSMO to
ICON-LAM migration

" 28 Feb. - 3 March 2017: ICON-LAM / ICON-ART Training at BTZ Langen

= March 2017: ICON-LAM available to all COSMO Partners, licensees, and the
COSMO-CLM Community

= 2017 + 2018: Tests of ICON-LAM (e.g. PP CDIC and at licensees, e.g. Brazil)
" 2017 + 2018: Implementation of some observation forward operators into ICON

" 2019 + 2020: Test of EDA (and EnVar) for ICON-LAM

" 2018 - 2022: Gradual replacement of the COSMO-model by ICON-LAM at
COSMO licensees, COSMO Partners, and the COSMO-CLM Community



e COSMO-Ru2 ona ETP u B - MockBa
e COSMO-Ru6 ana Cuoupun n COSMO-Ru2 nogpervoH - HoBocuoupck
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YKpyrnHeHHasa Hay4yHBd 3aga4a 1.1.1 (2017-2019) Pa3paboTaTb CynepKoOMMbIOTEPHYIO TEXHOIOTUIO
YMCJIEHHOrO NPOrHO3a NoroAbl CBEPXBbICOKOro pa3peLlueHuns Ha 6ase moaenen ICON n COSMO
(waru cetkn 1.1 KM 1 MeHee) (HayuHbit pykoBoautens: I.C. PuBuH, A.¢.-M.H., ®IBY
«'mapomeTueHTp Poccnmn»)

HayuyHBsa 3apava 1.1.1.1. (2017-2019) Pa3paboTaTb CyNepKOMMbIOTEPHYIO TEXHOIOTMUIO
YMCJIEHHOrO NPOrHO3a Noroabl CBEPXBLICOKOro paspelleHuns Ha 6ase moaenen ICON n COSMO
no Tepputopumn cesepHoim EBpasuu (Bkarovas scro tepputoputo CHI) Ha ocHoBe cuctemMbl ICON-
LAM € BO3MOXHOCTbIO TeNeCKoNu3aumnum u NpMMeEHEHUS BIOXKEHHbIX CETOK C WaraMmu ot 6.6 KM

10 500 M 1 TEXHONOTUIO MPOrHO3MPOBaHUSA 3arps3HeHns Bo3ayxa Ha 6ase mogenn ICON-LAM-
ART. (®I'BY «mapomeTueHTp Poccum»)

O)XnpaemMbiv KOHEYHbIN pe3ybTaT
CynepKoOMMbOTEPHAsA TEXHO0OMMSA YNCJIEHHOMO MPOrHO3a NOro/ibl CBEPXBbICOKOrO paspeLleHuns
Ha 6a3e mogenen ICON n COSMO (waru cetkn 1.1 KM 1 MeHee) Nno TeppPUTOPUN CEBEPHOM
EBpa3uu (Bktovas Bcto Tepputoputo CHI) Ha ocHoBe cuctembl ICON-LAM ¢ BO3MOXHOCTbIO
TesleCKonm3aumm n NpUMeHeHUs BAOXKEHHbIX CETOK € waramm ot 6.6 KM o 500 M. TexHonorus

MNPOrHo3MpoBaHUs 3arpsa3HeHUs Bosayxa Ha 6ase mogenn ICON-LAM-ART. (®rbY
«mpgpomeTueHTp Poccnmn»)
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COSMO-Ru2: ycBoeHMe NHTEHCUBHOCTHU
ocagKoB MNo pagapHbIM AaHHbIM MEeTO4O0M
noaTtasikmeaHua (nudging)

* [lo pagapHbIM AaHHbIM 06 OTPaXaemMoCTn onpeaensieTcsl UHTEHCMBHOCTb OCa/1IKOB

* [lo aaHHbIM 06 NMHTEHCMBHOCTM OCA/IKOB ONpeaensieTcs Be/iMunHa CKpbITOM
TenNoThbl

* YcBoeHMe Habngaemyto MHTEHCMBHOCTL ocaakoB B mogenn COSMO-Ru2 c
MOMOLLIbIO CKPbITOW TENNOTHI

T k4[4
ot o -

T -] a-mRe, oisass (a—Tj :i(a—L)
ot Jipy o )iy RR, ot tt S ot H
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Roshydromet Hydrometeocenter of Russia Jg.?ﬁ#
Pa3Butue cucrtembl YCBOE€HUA AAHHbIX
(Cyd) B COSMO-Ru

* C pekabpsa 2014 ropga B onepaTMBHOM peXUME UCMNONb3yeTcs
cuctema ycsoeHuna ana mogenn COSMO-Ru7/, noCcTpoeHHas Ha
MeTo/ie «MNoATa/IKUBAHUSA»

* JlaHHble ycBamBatoTcs B 3-4acoBoM MHTepBase: SYNOP, TEMP,
AIREP, RASS, SHIP, BUOY

e C anpena 2015 wucnonbsyetrca CYOA nna mopenn COSMO-
RuO2CFO.

* JHTEHCMBHOCTb OCaAKOB Ha «KOMMNoO3nTHOoU» KapTte ansa LUdO
Ha4yasa noctynaTb B oKTsA0pe 2015 roga.

* B anpene 2016 rona Ha4vaTbl 3KCNEPUMEHTbI MO YCBOEHUIO
pagapHbIX gaHHbIX 19 COSMO-Ru2.
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2014-2016: OcHOBHbIe nameHeHus B ICON

1.20 AuBapa 2015: Wcnonb3oBaHME B onepaTtUBHON NPaKTUKe
2.oHb 2015: NMpumeHeHUe ABYXCTOPOHHEN Teneckonusayuu
B ICON (6,5 km Hag EBponou u
13 KM Ana octasibHON 3eMnn)
3.Mau 2016: Mcnonb3oBaHne B onepaTtuBHOW NpakTUkKe
HOBOW CUCTEMbI YCBOEHMA

2014-2016: OcHOBHble nameHeHuss B COSMO-Ru

1.AHBapb 2015: Wcnonb3oBaHUe HadyasibHbIX gaHHbIX U3 DASO07
B onepaTuBHou npakTuke gnsa COSMO-07etr

2.Anpenb 2015: WNcnonb3oBaHWe HaYas/ibHbIX AaHHbIX N3 DAS02
B onepaTtuBHoU npakTuke gna COSMO-02cfo

3.PeBpanb 2016: icnonb3oBaHne moaynsa kKoppekuun ana DAS07
(mcorr+DAS)

4.19 Mas 2016: W3mMeHeHUe HACTPOEUHbIX Ko3dhdpuuneHToB
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ICON-LAM -Ru: uncneHHble akcnepuMeHTbl (Cray-XC40)

* CeTKa: war 20 kM, RO2B07
* war no epeMeHu: 60 cekyHp,

* BpeMs cyera: 630 ceKyHpA,

°* MPOrHo3: Ha 42 yac.

* PacnapannenuBaHue Ha 25 y3nax:
300 mpi-noToKoB, 4 HUTU, 2 TMOPUAHbIE BETKM,
Bcero 2400 apep

* 3aMnycK 3afia4M -
aprun -n 300-N 12 -j2-d 4-m 3gicon
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* 3anycK 3aaayu yf Cray-XC 40:
aprun -n300 -N12 -d4 -j2 -m 3g icon

aprun
-n total number of MPI tasks
-N  number of MPI tasks/node
-d number of threads/MPI task
-j  hyperthreading (enabled=2)
-m memory/task command

11.04.2017 11.30=12.30 ABunatesniekom , HoBocu ounpck
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Roshydromet Hydrometeocenter of Russia

S
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aprun -n total number of MPI tasks
-N number of MPI tasks/mode
-d number of threads/MPI task
-j hyperthreading (enabled=2)
-m memory/task
command
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03:00 12am8 2017 (MCK): PMSL

e O e ¢ > \

MporHaa Ha Ou. oT 03:00 12aus 2017 (MCK)

ICON—LAM 20km — PMSL [gPa]
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21:00 13ams 2017 (MCK): PMSL

1015 020

JEkaTtgpuHbypr
MR AGMHTK,

MporHaa Ha 424. oT 03:00 12amus 2017 (MCK)

ICON—LAM 20km — PMSL [gPa]
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21:00 13ans 2017 (MCK):

Ocanku 2a npeamfywme 3 uaca [MM]

MporHaa Ha 424. oT 03:00 12amus 2017 (MCK)

[CON—LAM Z2Z0km —— [lasneHne Ha ypoBHe MopA
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21:00 13aue 2017 (MCK): T2wm
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MporHaa Ha 424. oT 03:00 12amus 2017 (MCK)

[CON—-LAM 2Z0km
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B HacTOsLEee BpeMsa AN ABunaTesieKkoMa Ha OCHOBE YUC/IEHHbIX MPOrHOCTUYECKUX
Mopaeneun atMmocdhepbl NpoBOAUTCA:

1.noarotoBKa U BbiNyCK aBUAaLMOHHbIX NPOrHo3os norogbl 3a 00.00 n 12.00 UTC
(MporHosbl Ha cpokK HabawaeHuin + 064,094, 124, 154, 18 4, 21 4, 24 4, 27 4, 30 y;

2.BbINYCK, CONMPOBOXXAEeHUE U orepaTuBHas nepeaaya aBUaLMOHHbIX MPOrHO30B B
BMAE KapT Mo 3JIEMEHTaM:

11.04.2017 11.30=12.30 ABunatenekom, HoBocmbumpck 101



COPSCRTM FD8 SU L SIE COE NG
Roshydromet Hydrometeocenter of Russia } e. s “ o

ansa EBponetickoro peruoHa Poccutickoli ®egepaujuu (ETP):

*HanpaB/iIeHUs, CKOPOCTU BETpa U TeMnepaTypbl Bo3ayxa Ha BbicoTax 300, 600, 1000
M HaJ YPOBHEM MOpH;

*BbICOTbI HMXKHEN/BEPXHEWN FPaHUL, C/IOUCTOOOPa3HOM 06/1a4HOCTH;
*BbICOTbI HMXXHEN/BEPXHEN FPaHUL, KOHBEKTUMBHOM 06/1a4HOCTU;

*BbICOTbI HUXKHEN N BEPXHEN FPaHMULbI (B 3LLIE/IOHAX NOJIETOB) CUJIbHOIO
obneaeHeHus;

*MHTEHCUBHOCTU TYpOYyNneHTHOCTU (c1aboin, yMEPEHHOM U CUIbHOM) AN HUXKHETO
cos Tponocdepsl;

*BbICOTA HUXKHEN U BEPXHEWN rPaHULIbI CUILHOW TYPOYJIEHTHOCTU HaA CPEHNX U
BEPXHMX YPOBHSX aTMOcdhepbl;

*BbICOTbI HY/IEBOW M30TEPMBbI;
Ans peruoHoB Pocculickou ¢penepauuu:

* NaBJIEHUA, NPUBEAEHHOIO K CpeiHEMY YPOBHIO MOPS MO CTaHAAPTHOM
atMocodepe (QNH) ana Bcex permoHos Poccuinckon dpeaepauumu.
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3. Mo 18 asapoapomam Poccuimckon Pepepauum:

nnsa cpokos 00.00 1 12.00 UTC B BUAae MeTeorpamm (T1abauu,) nporHossl

(AHana, AcTtpaxaHb, Bonrorpasa, Maxaykana, Hanbuuk, HmxHuin Hoeropop,, Camapa,
BpsHck, CtaBponosb, CbiKTbIBKap, YNbAHOBCK, Yda, XaHTbl-MaHCUNCK, YeboKcapbl,
anucta, Cumdepononb, CypryT, MynKkoBso).

4. ®aunbl B Koae Gribl Ha FTP-cepsep OIBY «mpapomeTtueHTp Poccum»:

C NPOrHo3aMu Nonas AaBJeHUs, NpUBEAEHHOro K cpeHEMY YPOBHIO MOPS MO
cTaHpapTHou atMocdepe (QNH) ang Bcex permoHoB Poccunckon deaepauum;

5. KoHcynbTayuu:

NO UCMOAb30BaHMIO U BeEpUdUKaLmmn pasmMelaeMon Ha FTP-cepepe OIBY
«'mgpomeTueHTp Poccnumn» BbIXOAHOM NMPOAYKLUN YNCAEHHBIX Mogenen atMochepbl
NPOBOANNAOCH MO Mepe HEOOBXOAMMOCTU B paboyeM nopsake, B HaCTHOCTH,
paboTatloWwmM B asponopTy AKyTcKa caywwartensam VIHCTUTyTa NoBbIWEHMS
KBanmdukaumm Pocrmgpomerta npoymTaHa AeKums no ncnosib30BaHUI0
NPOrHoCTUYeCKon npoaykumm cncteMbl COSMO-Ru.
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COSMO Ru2 TZM RMSE, OOUTC, LU®O, nporHos Ha 12 q

5
4
3 W 2014
2 w2015
1 W 2016
0

AHB des Map Anp Main UwoHb WUwonb  Asr CeH OKT Hosa Aek

COSMO-Ru2 T2m RMSE, 00UTC, LU®O, nporHo3 Ha 24 4

Gupy 201P2R30-184gn  Ann  Maid 5\ Mg, WnBkepder Cou Our  Hna Nawvp,
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== ‘CpaBHEHIe TPOrHO30B- i
COSMO-RuU7, AuBapb, ETP, T2m, RMSE

January, COSMO-Ru7, European Russia, T2Zm, RMSE

5 _
4.5 -
—2011
4 - —2012
3.5 - —2013
—2014
3 ]
—2015
= —2016
2

12 24 36 43 60 /2
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13 anpena 2011 r. UMKI1 npuHana
peweHne o BHEOAPEHWW cnctemsl
Me3oMacLUlTabHOro NporHo3a noroabl
COSMO-Ru B onepaTuBHYIO NPaKTUKY
B KadyecTBe 6ba3oBow O
ncrnosib3oBaHma B I bY
“I'mgppomMmeTueHTpP Poccnun” n opyrmx
MPOrHOCTUYECKNX yYpe K aeHNAaX
PocrngpomeTa.

1%.04.2017 11.30=12.30 ABunatenekom, Hosocnb
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15 pekabp4a 2016 r. UMKIT npuHana pelweHune:

J BHEOPWUTb B onepaTMBHYIO MPaKTUKY MO
Tepputopmnn Mockosckoin obnactm n PO
MPOrHO3bl 0CagKOB N CKOPOCTW BeTpa Mno
COSMO-Ru2, kak gononHawLwme n
netannsnpytoLme oCHoOBHOM MeTo[,
nporHo3sa no COSMO-Ru/;

J UCMNOJIb3OBATb nporHo3bl COSMO-Ru?2
(TemnepaTypsbl, BETPaA, 0CaaKoB) Mo
Tepputopunm CesepHoro KaBkasa B
ornepaTuBHOW NMPaKTUKe B Ka4yecTBe
OCHOBHOI O yncneHHoro mertoga
KPaTKOCPOYHOro nporHo3a noroabl
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Roshydromet Hydrometeocenter of Russia

Part lll: Regional Modelling
a) Regional deterministic model (number of gridpoints, resolution, number of layers)

DOPGORTRM FOR DU SCE IOTEL NG

Forecast Centre
(Country) 2015 2016 2017 2018 2018 2020
ECMWF _ _ _
(Europe)
Met Office . ) . . .
(UK) Td4x928; 1.5kmvrb L70 T44x928; 1.5kmvrb L70 940x1016; 1.5km vrb L~120 940x1016; 1.5km vrb L~120 940x1016; 1.5km vrb L~120 tbd
ME:::;;Z’;“ 1536x1440; 1.3 km; L90 1536x1440; 1.3 km; L90 ~1996x1872; 1.0 km; L8O ~1996x1872; 1.0 km; L90 ~1996x1872; 1.0 km; L90
DWD zooming 6.5 km; LG0 zooming 6.5 km; L60 zooming 6.5 km; L60
(Germany) 651x716; 2.2 km; LG5 651x716; 2.2 km; LGS 651716, 2.2 km; LES
HMC 1000x500; 13.2km, L40 1000x500; 13.2km, LEO 2000x1000, 6.6km, L90
800x700, 6.6km, L40 B800x700, 6.6km, LED 2 dom. 20001000, 2. 2km, LB0
(Russia) 3 dom.: 420x470 , 2.2km, L50 3 dom.: 420x470 , 2.2km, LEO 2 dom.: 800x400, 2.2km, L80
190190, 1.1km, L50 190x190, 1.1km, LB0 2 dom.; 1000x500, 1.1km, L&0
NCEP 935%835; 12 km; L60 935%835; 12 km; LE0 935%B835; 12 km; L60 935%835; 12 km; L60 1122%1002; 10 km; L60 1122%1002; 10 km; LG0
(USA) 1371x1100; 4 km; LE0 18271467, 3 km; LG0 1827x1467; 3 km; LG0 1827x1467; 3 km; LG0 2193x1761; 2.5 km; LE0 2193x1761; 2.5 km; LG0
595x625; 6 km; LEO 1189¢1249; 3 km; LE0 1189x1249; 3 km;, LG0 1189x1249; 3 km; LE0 1427x1499; 2.5 km; LE0 1427x1499; 2.5 km; LE0
AT 3561; 3 km; LG0 37 3x561; 3 km; LG0 37 3x561; 3 km; LE0 373x561; 3 km; LGO 448%673; 2.5 km; LEO 448x673; 2.5 km; LG0
401x325; 3 km; LGD 401%325; 3 km; LG0 401x325; 3 km; LE0 401x325; 3 km; LED 481x390; 2.5 km; LEO 481x390; 2.5 km; LEO
A75x375; 1.333km; LGO 501%501; 1 km; LG0 501x501; 1 km; LE0 501x501; 1 km; LG0 601x601; 833 m; L6O G01x601; 833 m; LGD
T758x567; 13 km; L50 935%835; 12 km; L50 935%B835; 12 km; L60 935%835; 12 km; L60 1122%1002; 10 km; L60 1122%1002; 10 km; LG0
1799x%1059; 3 km; L50 18271467, 3 km; L50 1827x1467; 3 km; L60 1827%1467; 3 km; L60 2193x1761; 2.5 km; LE60 2193x1761; 2.5 km; L60
Navy/FNMOC/NRL Typical: 27/9/3 km L60 Mested, | Typical: 27/9/3 km L60 Mested, | Typical: 9/31 km L80 Nested, Typical: 9311 km L80 Nested,
(USA) 45/15/5km L&0 Variable resolution Variable resolution Variable resolution Variable resaolution
cmMmC - - - - -
(Canada) 3000x2400; 2.5 km; LE0 3000:2400; 2.5 km; L0 3750x3000; 2 km; L8O 3750x3000; 2 km; LBO 5000x4000; 1.5 km; L125
CPTEC/INPE 500x600, 15 km, LEO; 500x600, 15 km, LG0;
(Brazil) 1360x1480, 5km, LG0 target 2700x2900, 2km, L75 2700x2900, 2km, L75 27002900, 2km, L75 thd
JMA 817x661; 5 km; L0 817x661; 5 km; L75 817x661; 5 km; L75
(Japan) 1581x1301, 2km, L60 1581x1301, 2km, LG0 1581x1301, 2km, LE0
CMA 750%500,10km; L60
(China) 1000x750,3km; L90
KMA ~12km | 70 ~12km | 70 ~12km | 70 ~12km L70 _
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Verification July 2014, CFO

TOTAL CLOUD -0l Rum
Sammlicalion | S1RESNEI E4AZE - Fooesy Z014-07-01 Tee J014-05-31
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OyeHKU NPo2HO0308 IKCNEPUMEHMOB C Pa3/IUYHbIMU Ha4a/lbHbIMU OaHHbIMU
0151 obweli o6s1a4Hocmu 018 165 cmaHyuii UPO modesnnu COSMO-RuO07.
3KkcnepumeHm contr(oper) — Ha4a/lbHble OaHHble U3 2/106a/1bHOU Moodesiu 6e3
ucnosib3oBaHus ycsoeHusi, DAS — akchepumMmeHmbI ¢ cucmemoli ycBOeHUs
MemoOOM NOOMAasIKuBaHUS, COIT — AKChepuMeHMbI C Koppekyuell Ha4a/lbHbIX
noseli memnepamypbl U3 2/106a71bHOl Mmodesu, corrDAS — 3KkchepuMeHmMbI €
cosMeWwEHHOU Koppekyueli nosieli memnepamypbl U cucmemMoll yCBOEHUS.
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BepTuUKarnbHble NpodUnun:

a) Cooep>kaHme ob6nadyHou Bnaru (B r’/kr) 6) BbicBOOOXOeHue CKpbITOM B) LHN — nonpaBka Temnepartypbl (in K/h)

Tennotbl (in K/h)
20 20

25 - 25 |

35 35 4

N~

40

Scaling factor o :

RRO bs
RR

mod

o =

- v v T v v ¥ y T v v o 50
0.1 0.2 0.3 0.4 0.5 0.6 0.7 -3 —-2.5 -2 —-1.5 -1 -0.5 0 0.5 1 1.5 2 25 : —0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

Cxema delicmsusi Mooysiss LHN no sepmukasiu.

Cniesa usobpaxeH 4épHol /1uHuel npoghusib o6/1a4HOU B1a2uU(a),

B YeHmpe conymcmasyroujee eMy 8bICB060X0eHuUe CKpbImol mensiomsli (6),
cnpasa UHKpeMeHmbI 8 noJsie meMnepamypbl Npu pasiu4duu MooesibHouU U

Hab6/1r00aemMoli UHmeHcuUBHOCMU O0CaodKos8
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Ha cneaytoulem atane (B 2016 r.) B cMCTeMe YCBOEHUA CTa/M ycBamBaTbCs AaHHble
pagapHbIX HAGIAEHNIA METOAOM «NOATa/IKMBAHNSA CKPbITOM Ten1oTbl» (Latent
Heat Nudging (LHN)).

ana mogenn COSMO no tepputopumn LieHTpanbHoro eaepasibHoro okpyra (LL®O) ¢
ropusoHTaNIbHbIM wWarom 2.2 km (COSMO-RuU02CFO) B TECTOBOM pexume
NPOBOANTCSH YCBOEHME NHTEHCMBHOCTU ocaakoB (RR), KOTopble Mosy4veHbl C pagapoB
LIPO.

JKCNepuMeHTbI nokasasin, YTo YCBOEHNEe MHTEHCUBHOCTU ocaakoB metogom LHN
NO3BOJIAET YTOUHUTL NPOrHO3 BPEMEHU U MecTa NPOXoXAeHNS 0CcagKoB, a TakxKe
APYTNX XapakTepucTukK, KOTopble CBA3aHbl C YCBOEHHbLIMU TmapomMeTeopamu.

Ansa rpo3bl 13 unona 2016 roga B MOCKOBCKOM pervoHe ycBoeHue pagapHbIX

AAHHbIX MO3BOJIU/IO YNYUYLWNUTb NpeAcKasaHne TPAeKTOpUn U BPeMEeHMU
NPOXOXXAEHNSA OCAAKOB, NOPbIBOB BETPa, rPo3 Hag MOCKOBCKMM PErMOHOM.
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Roshydromet Hydrometeocenter of Russia e. s u o
NMnau gansHelrwen paboTtbl

1. OneparnBHada ICON-LAM

v hew physics,

v’ triangular grid,

v irregular grid,

v vertical and horisontal nested,
v’ conservation laws,

v' LES (Large Eddy Experiments)

2. UccnepoBaHue ¢ ICON
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<beaepaanaﬂ cny)K6a no euapomemeoponoeuu
U MOHUMOPUH2Y OKpyxaroujeli cpeobl

TEXHOJIOI'Us

YHUCJIEHHOI0 PErHOHAJBHOI0
MEe30MaCIITAOHOI0 IPOrH03a MOroabl

COSMO:

dnaeoe ga EEMMaEme |

PuBuH I.C.

INabopaTopust YNCNEeHHbIX NMPOrHo30B Noroabl No orpaHUu4YeHHOW
TeppuTtopumn NapomertueHTpa Poccum

NIIK: Manbiu koHpepenizana 'MII, 8 ¢pepans 2017 r., 11.00 — 12.30.
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