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Yto 6onbuwe ot BcesbIWwHero 6oxectsa
CMepTHOMY AAHO U NO3BOSIeHO 6LITb MOXeT, Kak
4YTOb6bI OH NepemeHbI NOroa Mor npeAsuAeTb?
Yto noanuHHO npeTpyaHO U easa NOCTUXUMO

6u1tb kaxetca.(1753 r.)

M. B. JlomoHoOCOB.
CnoBo 0 AIBNIeHUSIX BO3AYLHbIX,
OT INEeKTPUYECKOMN CUNbl NponcxoasLLmx
/I N36paHHble hunocodckne nponsBeneHUs
M.: locnonutusaar, 1950.— C.216-233.
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Akagemuk AH CCCP ILU.Mapuyk

Ha IeKL MM NO BbIYNCIUTEIbHOW MaTeMaTUuKe
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BbiaepXKu ns nHtepsbto A.Pobepa, gaHHom B 1987 .,
onybankosaHHom B 2011 r. B cneumanbHOM BbiNycCKe }KypHana
“ATMOSHERE-OCEAN”

B YeCTb 3TOro BblAAIOLWErocA KAHAACKOro cneuuanmncra
B 06/12aCTM YNCNEHHOrO NPOrHo3a noroapbl .

| Atmosphere-Ocean

Publication details, including instructions for authors
and subscription information:

hitpo/ v Eanafonline comf Lod ftato 20

A Historical Perspective on
Numerical Weather Prediction:
A 1987 Interview with André
Robert

Harold Ritchie * & André Robert ™

* Recherche en prévision numerique Service de
'environnement atmospherigue , Dorval, Quebec,
Canada , H?P 113

Published anline: 26 Jul 2011.
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A Historical Perspective on Numerical Weather
Prediction: A 1987 Interview with André Robert

Harold Ritchie and André Robert*
Recherche en prévision numérique
Service de l'environnement atmosphérigue
Dorval, Québec, Canada H9P 1J3

[Original manuscript received 22 February 1995; in revised form 28 Auguost 1995]

ABSTRACT [In view of André Robert's owtstanding scientific contributions, he was selected
for a personal interview as part of the Oral History Project of the Canadian Meteorological
Service, The interview covered a variety of topics including André's education, early career,
the beginnings of numerical weather prediction (NWP) in Canada, the evolution of NWP
maodels at the Canadian Meteorological Centre, André’s general research methodology and
his views on the impact and future of NWP. These phases are illustrated by many personal
glimpses and anecdotes such as puzzles that his relatives challenged him with in his youth, his
explanation of why “a lot of time in my life was spent trying to avoid reading literature”,
and his expectation that “one day we are going to see forecasis of such a high quality
that these will be even more accurate than the observations”. In addition to capturing
André's characteristically clear and unconventional insights, the contents also provide a
very informative complement to the more technical details of his contributions by setting the
historical perspective in which they occurred. The interview was conducted in November
1987, when André was on the point of retiring from the Atmospheric Environment Service
and becoming a professor in the Physics Department at 1'Université du Québec & Montréal.
Some minor editing and updating have been done, but changes have been minimized to
28.08.2caveid interfering with André’s typically cxpressive style.



guesTion:  Whose work would you say has had the greatest influence on your own,
either in a personal way, or through publications?

BOMPOC: Bbl moXeTe CKa3aTtb, UTO UbA pabora umena Ha Bac Hanbonbliee BAnAHUeE

- NPU IMYHOM 06LLLEHUM UAK Yepe3 NybanuKauun?
]

OTBET: A 6bl cka3an — Mapuyk.
21/ Harold Ritchie and André Robert

amswer: | would eay Marchuk. | was very impresied when 1 read a paper by
Marcluk (Marchuk,1965), where he tred (o integrate the pnmitive eguations by

what one would call a fu]] ' hclt scheme, He admlued rlght away that his i'uII:.-h

his comparisons &gmrmt an e:.pllmt sn:hema aud running h|5 Iu!!:r |m|:|I:|uI: mhﬁme
with a time step four times larger, in spite of the fact that the time step was four
times larger, his integration took much more time than the explicit integration. So
il was a very, very expensive technique. But Marchuk wanted 10 demonstrate that
implicit schemes are feasible, that there is nothing wrong with increasing the time
step, that it can be done and it can be done with no loss of accuracy. That is
what he was really trying to demonsirate. He recognized that his technigue was
less efficient, but that's not what he worried about at the time. So when | read that
paper, 1 said, “Okay, yes, it can be done, now all we need to do is find an efficient
way of doing it.” And that's when I decided to start to concentrate on finding ways
of making implicit schemes efficient. And that's how the idea of using semi-implicit
sclvenpes came about. So really, that has been the big influence in my life. It came
almost suddenly, because on one of my visits to NMC in Washington, one day
Man:huk came and he gaw: a pmumatmn at NMC al:n:mt 5pl|lnng tu;ﬂmuqum and

I tried to get whall:"-"l:l papers had been ]:luhllshui by Man:hull; and m:d 3] 1m1:
into his way, But that is probably the most significant influence during my career.
Tt came from him, A sbiweA W32 Mapuyra.
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vnnlnl-lﬂnnl I.M.Navon’a, onybankoBaHHOMU B
1986 r. B cbOpHUKe AOKNaA0B

MEIH“"S IN MexayHapoaHou KoHPpepeHuun

Einsnlinn[s «BapuayunoHHble meToAbl B HayKax O
3emne», rnaBHbiM pefaKTOpoOM

S e S et e KoToporo anancA Mowm Cacaku -
OCHOBaTe/Nb NPUMEHEHUS

Ogtober 168=17, 1985
YOSHI K SASAK] BAPUALUUNOHHDbIX MeTo408B B
| mpdincid ekl | METeoponorMM.

TV GAL-CHEN, LUTHER WHITE, M.M. ZANMAN, GUNAAD ZIEGLER [ editors |

L CHANG, DAaN J. RUSK | associate sditonm |
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Variational Methods in Geosciences, by Y K. Sasaki (Editor-in-Chief)
© 1986 Elsevier Science Publishers B.V,, Amsterdam — Printed in The Netherlands

A Review of Variational and Optimization Methods in Meteorology
by
I.M. Navon
Supercomputer Computations Research Institute
The Florida State University

Tallahassee, Florida 32306-4052

ABSTRACT

A condensed overview of variational and optimization methods in Meteorology is
presented. It is aimed at giving the reader a short concise perspective of the
developments in the discipline in the last thirty years and to present briefly
recent developments in the application of optimization and optimal contro]
theory in Meteorology.

28.08.2017 CITES-2017, Tapyca 11



Optimal control methods (the adjoint method)

The adjoint method is an application of optimal control theory where a func-
tional is minimized by finding its gradient with respect to one of the analysis

states (e.g. the initial state) and then using unconstrained minimization

methods such as the conjugate gradient to iterate towards the optima

Finding the gradient involves use of adjoint equations. The method was
pioneered by Marchuk (1974, 1982) and described by Kontarev (1980). Hall and
Cacuci (1984) used the method to study sensitivity of numerical models with

respect to physical parameters. Recent advances on this topic were done by
Talagrand (1985), Le-Dimet and Talagrand (1985), Courtier (1985), Lewis and
Derber (1985) and Derber (1985). Lewis and Derber (1985) used the adjoint

32

method to solve a variational adjustment problem with advective constraints
while Derber (1985) used the adjoint method for a variational 4-D data assimila-
tion using quasi-geostrophic models as constraints. Courtier (1985) applied it
to a shallow water equations model. Le-Dimet and Talagrand (1985) used the
method for data assimilation with a 1-D shallow water equations model,

REFERENCES
78.08.2017 CITES-2017, Tapyca T
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Biusinue I'M1.Mapuyka u ero
IIKOJIbI OLYIIACTCS U HA
padorax, CBA3aHHBIX C
passutuem cucreMbl COSMO-
Ru.

Tak, npuATHO OTMETUTh, YTO
METO/I pelleHNs KOHEYHO-
PA3HOCTHOM CXeMbI CUCTEMbI
ypaBHeHud moaesau COSMO
TaKKe OCHOBAH HA CBA3AHHOM C
pacuieriecHueM 1o BpeMeHHU
BApUAHTE MeTOoAA
pacuienyiennss Mapuyka.

http://cosmo-model.org/
content/model/documentation/cc
re/cosmoDyncsNumcs.pdf

Marchuk, G. 1., 1975: Numerical
Methods in Weather Prediction.
Academic Press, 227 p.
28.08.2017

Consortiom for Small-5cale Modelling

c®smo

A Description of the

Nonhyvdrostatic Regional COSMO-Model

Part I:

Dynamics and Numerics

G. Doma and &. Haldaf

COSMO-Moddel 5.1 Blay 2015

i -0Lom

www.cosmao-model.org

5. EMI (ffenhach, Cermusy




4.3 Discretization and Numerical Integration 79

4.3.4 Onutline of an Integration Step

As mentioned in the previous subsection, not all terms contributing to the tendency due to

slow modes are considered by the foreing function f, which is used in the small time step

sub-integration of the egunations. The remaining terms are integrated subsequent to time

splitting using the Marchuk splitting method (Marchuk, 1975).
T

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

el - ”
a_‘; = sy + fi° + S5 + MEM + MLE + MPP. (4.89)

sy denotes the terms related to the fast modes and fg S represents the slow-mode tendencies
except for clond condensation and evaporation (57 ), computational mixing {ﬂffﬂ"], lateral
boundary relaxation {IHT'%B ) and Rayleigh damping at the upper boundary {ﬂi"{?ﬂ i

The idea of the Marchuk method is to split a complex system of equations into a number of

consecutively one
at a time, where different numerical schemes may be applied for each subsystem. Starting
with given initial values of the variables. the integration of the first subsystem yields updated
variables which are then used as initial conditions to integrate the second subsystem (thus,
the Marchuk splitting is much different from the mode splitting scheme described above).
This procedure is continued until the last subsystem is integrated yielding the final values
of the variables at time level 1 + 1.

nization of time stepping.

(1) Claleulation of the Tendencies due to Slow Modes
Given the values of the variable at time level n — 1 and n, the slow-mode forcing fg =
28.08.18 to be set up first. The calcula®itd-260fl tHisywerm has been described in Section 4.313.



Metoa Mapuyka u moaenb ICON !
{ _:;:| Max-Planck-Institut
'@ fur Meteorologie Eﬁiﬁ:iﬁﬂfﬁfﬁﬁﬁ: E

Tracer transport in ICON
General design and performance

LY

Ve . )

- - 1
Eyjafjallajokull §%

Eruption of Eyjafalizjéull (HASA-MODIS)

Daniel Reinert

Deutscher Wetterdienst

3 |CON Training Course
February/March 2017, Langen, Germany

28.08.2017 CITES-2017, Tapyca 15



€ Directional splitting |

[OE

Solution of 3D continuity equation is split into two (simpler) parts:

» Part I: solve equation in vertical direction (1D)
» Part II: solve equation in horizontal direction (2D)

U : pg
continuity equation Al " ;
(Schemag} 4 s H(W) + V(¥) H : horizontal operator
. V : vertical operator
| 1
ow! ow!!
—. v qu i ;ff
BT (=) BT H(w ")

= splitting error (price to pay)

Different numerical schemes are used in the horizontal and vertical

* Daniel Reinert — 01.03 2017

28.08.2017 CITES-2017, Tapyca
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Directional splitting |l

0 2

Two options are available in ICON

Istrang=.FALSE.

Marchuk splitting O(A¢)

Odd time steps

-
P 11

"+ ALV(I")
"+ AtH(P")
Even time steps
Ut = "4+ ArH(P")
wrtl o — Wt ARV(UY)

Default

Namelist
transport_nml

Istrang=.TRUE.

Strang splitting O(A#?)

A A ;l;anf{w"}
W= W ALK (DY)
L A %&ww**}

Formally more accurate
but more expensive

28.0’3’ 12017

Daniel Reinert — 01.03 2017
CITES-2017, Tapyca
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Cum>» =

ATMOCODEPHDBIE TMPOLECCHI
rnobanbHble, permoHanbHble

naaHeTapHble BOJIHbI

MACLUTAB,
KM

> 10000

LWAT CETKU pana paspelwueHus
npouecca moaenbto
um BPEMA XXU3HU npouecca

1000 kKm /[ 1 mecauy

dHTULUUNKNOHDI,
UMK/IOHDbI,

$pPOHTbI, ME30LMUKNOHDI
(nonapHbie n Tponuueckue)

10 000 - 2000

2000 - 200

200km / 1 mec.-1 Hep.

20km  / 1Hea.—1cyr.

ropHbie BETPbl U BOJIHbI,

KNacTepbl KyuyeBO-A0XKAEeBbIX
obnakoB, MmopcKoii bpu3, noaapHsie
UUK/I0HbI, HU3KOYPOBHEBbIE CTPYUHbIE
TeyeHus

200 - 20

2 KM / 1cyr.—1luac

O ===

ropoAcKas LUMpKynaums,
rPaBUTALLMOHHbIE BOJIHbI,
Ky4yeBO-A0KAeBble ob6naka,
TYypbyneHTHOCTb AcHOro Heba

20 - 2

200m / 1uac

KyyeBble obnaka,
TOPHAAO

2 - 02

20m /1-0,5u4ac

TEPMUKM,
cMmepymn

0,2 — 0,002

0,2m /30-1muH

TYPOYNEHTHOCTb

< 0,002

ImuH. -1 c.

28.08.2017

CITES-2017, Tapyca
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KOMIOHEHTBI YUC/IEHHOI'O IHPOI'HO3A ITOI'OAbI

1.

2.

JIromu.

HaOmromarejabHasi CUcTeMa
TermexkoOMMYHHKAITMOHHASL CUCTEMAa
BrelauciauTeJIbHASI CUCTEMA
CucreMa YCBOCHMS JaHHBIX
IIpemxpopoiieccuHT

Monenp OKpY>Xarolllel Cpeanl

ITTocTmmpoiieccuHT
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: . Receive 300 million observati
Major assimilated datasets ey~ R
from 130 sources daily.
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ECMWF’s Future challenges in Handling |
and Manipulating Model and e e * i e
Observational Data

Questions in “Big Data

Tiago Quintina
S-2017, Tapyca




ECMWF’s Meteorological Archival and Retrieval System

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

>

Fully distributed (migrated 2012)

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

Questions in “Big Data”

15 servers for metadata and data movers

Tiago Quintina
Data Handling

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

Scale with # Users / Requests !
3 .03.20 CITES-2017. Tapvyca

2 02 21
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BbryncsinresibHbiH KoMiexc Pocrugpomera

SGI ALTEX 4700| SGI ICE-X PCK TOPHAAO
Tun Intel Itanium 2 Intel Xeon Intel® Xeon® E5-2600
NPoLLecCopoB (2-npepHbIN) (10-apaepHbIN) (8-apepHbIN)
KonuuecTtBO
y3noB / 13/ 72/ 96 /
aaep Ha ysen 128 (1664) 10 (720) 16 (1536)
(Bcero)
OnepaTuBHas 2 [oanT 3.2 [canTt 4 ToanT
namMAaTb Ha AQpo
MNukoBasa npowus- 11 Tcpnonc 14 Tcbnonc 35 Tcpnonc

BOAUTEJIbLHOCTb

2017 pekabpb:

28.08.2017

1 Tdnonc = 1012 onepauuit B ceK =
=1000000 x 1000000 = MMAANOH MUAZIMOHOB ONepaLuii B CeK.

CITES-2017, Tapyca

Cray XL40, 1.2 lNdnonc
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JEMOHCTPALIUSA PE3YJIBTATA
®OPMAJIbHOM OLIEHKU OCAJIKOB JJIsl ME3OIIPOTHO3A

‘ Me3onporHos HMCTMHa ‘

—

C, c, C, C, C.

Makc. ownbka E{mesonporHo3a” paBHa 1
MakKc. ownbka ‘@haakoro peweHna” pasHa 0.75.

CpeaHeks. ownBKa “mesonporHosa” \/(1 _|_1)/5 =04 ~0.64

CpeaHeKs. ownbKa “rnagkoro nporHosa”

o (025240257 40.75%)/5 =/ 0.1375 =037 -




Makc. owmnbka “mesonporHos3a” pasHa 1
Makc. owmnbKa “rnagkoro pewenna” pasHa 0.75.

CpeaHeKBagpaTnyeckas . owmnbka “mesonporHosa”

JA+1)/5=10.4 ~0.64

CpeaHeKBagpaTmyeckasa owmnbKa “rnagkoro nporHosa”

J(0.252+0.25% +0.75%)/5 = 0.1375 =0.37

NTaK, cpegHeKBagpaTuyeckas . owmnbKka “mesonporHosa” B

0.64/0.37=1.73

BOJIbLWWE cpeaHeKkBaapaTU4eckom ownbKu “rnaakoro nporHosa”!

28.08.2017 CITES-2017, Tapyca 24
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1. 1o0aJIbHBIE M PerHOHAJIbLHbIC MOIEJIH
2. YCBOCHHUE JAHHBIX HAOIIOACHUMN,

3. Ioroja U KJiInuMar,

4. 320,1ar0BpEMEHHOCTH IPOrHO3a,

S. MacuITa0dbI IPOLECCOB,

6. 1Iar CeTKH U paspelieHue MoaeJ I

7. HeTrHAPOCTATUYHOCTD,

8. aHcamM0J1M MPOrHoO30B,

9. cucreMa YHCJIEHHOI0 IMPOrHO3a MOroAbI
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IJTIOBAJIBHBIE
MO/ eJIH
110 COCTOSTHTIO

Ha 1.01.2017

BETOM
BblJIeJIeHA
uHpopMmaus
ITo cocTostnuIO
Ha 1.01.2016 na

Forecast Centre

2017 2018 2019
(Country)
ECMWF TC01279 L137 (~9km) Coupled O-A 0.25 Coupled O-A 0.25
(Europe) TCo1279 L137 (~9km) | TCo1279 L137 (~9km)
Met Office 12km L70 12km L70 Coupled O-A 10/12km
(UK) 7 days 7 days L120-200 7days
Météo France TL1198c2.2 L105 (8km| ~TL1618c2.4 L105 ~TL1618c2.4 L105
(France) oh W Europe) (5km on W Europe) (5km on W Europe)
DWD 13 km L90 (6.5 km for | 13 km L90 (6.5 km for
(Germany) Europe) Europe)
(0.16-0.24)°x0.225° (0.16-0.24)"x0.225° R R
HMC L51 LE0 0.1°x0.08° L90
(Russia) T339 L31 T339 L63 T679L63
NCEP T2046 L64 (10km) T2046 L128 (10km)
(USA) TBD
Navy/FNMOC/NRL T425L60 T681L80 T1000L100 (~12 km)
(USA)
Yin-Yang Yin-Yang Yin-Yang
(Canada) (0.14°x0.14°) L120 (0.09°x0.09°) L120 (0.09°x0.09°) L160
CPTEC/INPE
T666L64 (~20km) 9km L64 9km L96
(Brazil)
JMA TL959 L100 TL939 L100
(Japan)
CMA
; GRAPES(0.25,L60) | GRAPES(0.25,L60) | GRAPES(0.15,L90)
(China)
KMA 17kmL70 12kmL70 12km L120
(Korea)
NCMRWF
17km L70 10kmL70 10kmL70
(India)
BOM_ 12 km L70 12 km L70 12 km L120
(Australia)

http://wgne.meteoinfo.ru/nwp-systems-wgne-table/




PEIT'MOHAJIBHbBI

MOa€eJIn
10 COCTOAHTIO

Ha 1.01.2017

Forecast Centre

2017

2018

2019

2020

IE

Nil

(Country)
ECMWF ] ]
(Europe)

ME:UOSCE 950%1015: 1.5km vrb L70 950x1015: 1.5km vrb L120 950x1015; 1.5km vrb L120 950x1015: 1.5km vrb L120

Météo France 1536x1440: 1.3 km; L90 1536x1440: 1.3 km; LOO 1536%1440: 1.3 km: L9O
(France)
DWD zooming 6.5 km; L60 zooming 6.5 km; LE0
(Germany) 651X716; 2.2 km: L65 651X716. 2.2 km: L65
HMC 1000x500, 13.2km, L40 1000x500, 13.2km, L40 2000x1000, 6.5km., L60
700%620, 7km, L40 700%620, 7km, L40 2 dom. 2000x1000, 2.2km. L80
(Russia) 3 dom.: 420x470, 2.2km, L50 3 dom.- 420x470, 2.2km, L50 2 dom.: 800x400, 2.2km, L8O
190x190, 1.1km, L50 190x190, 1.1km, L50 2 dom.- 1000x500, 1.1km, L80
NCEP 935x835; 12 km; L6O 935x835; 12 km; L60 1122x1002; 10 km; L60 1122x1002; 10 km; L60
(USA) 1827x1467; 3 km; L60 18271467 3 km; L60 2193x1761; 2.5 km; L60 2193x1761; 2.5 km; LEO
1189x1240; 3 km; L60 1189x1249: 3 km; LEO 1427x1499; 2.5 km; L60 1427x1490; 2.5 km; L60
373x561; 3 km; L60 373x561; 3 km; L60 448X673; 2.5 km: L0 448¥673; 2.5 km: L60
401x325; 3 km; L60 401x325; 3 km; L60 481x390; 2.5 km: L0 481x390; 2.5 km: L60
501x501; 1 km; L60 501x501; 1 km; L60 601x601; 833 m; L60 601x601; 833 m; L60
935x835; 12 km; L60 935x835; 12 km; L60 1122x1002; 10 km; L60 1122x1002; 10 km; L60
1827X1467; 3 km; L60 1827x1467; 3 km; LE0 2193x1761; 2.5 km; L60 2103x1761; 2.5 km; LEO
Navy/FNMOC/NRL ~100 relocatable areas. Nested, ~100 relocatable areas. Nested, ~100 relocatable areas. Nested, ~100 relocatable areas. Nested,
Variable size, inner nests: 15, 5.or Variable size, inner nests: 15, Variable size, inner nests: 15, Variable size, inner nests: 15,
(USA) 1.67 km LEO 5.1.67. or 0.55 km LEO 5.1 67, or 0.55 km L6O 5.1.67. or 0.55 km L8O
CMC - _ -
(Canada) 3750x3000; 2.5 km; L120 3750x3000; 2.5 km; L120 2.0 km; L120 2.0 km; L160
CPTEC/INPE 370x779%50, 15km, L50
(Brazil) 1360x1480x55, 5km, L60 1360x1489%55, 5km, L60 2700x2900, 2km, L75 TBD
JMA 817X661: 5 km: L76 8171661; 5 km: LT6 8D 8D
(Japan) 1581x1301, 2km, L58 1581x1301, 2km, L58
CMA 751x501,10km,L50 751x501,10km,L50 2251x1501,3km,L70
(China)
KMA 540%432, 12km, L70 540x432, 12km, L70
(Korea) 1188x1148,1.5km~4km, L70  [1188x1148,1.5km~4km,L140 1 18%151;:;2 1L?§?,~rj;$;j1 401
NCMRWF 4kmL70 1.5kmL70 TBD
(India
BoM 1650x1120; 8km L70 1650x1120; 8km L70 2900x1990; 4 5km L~120 2900x1990; 4 5km L~120
(Australia) 816x668: 1.5km, L70 816x668: 1.5km, L~120 816x668: 1.5km, L~120 816x668: 1.5km, L~120
I 816x668; 1.5km, L~120 816x668; 1.59km, L~120 816x668; 1.5km, L~120

800*800; 4.5km, L~120

8007800; 4.5km, L~70

3007300; 12km, L70

8007800; 4.5km, L~120

l

http://wgne.meteoinfo.ru/nwp-systems-wgne-table/
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COBPEMEHHBIE TEHJAEHIINN PASBBUTUA
YUCJ/TIEHHBIX ITPOI'HO30B ITOTI'OAbI U KIIMMATA

MHOroAMCcCuUIIMHAPHOCTD.

becimoBHOCTH (cAeA0BATEIBHO, HETHAPOCTATHYHOCTH MOJeJIei).

boabiue 1anubie (big data).

CynepkoMnbIOTEPHbIE BBIYUCIUTEIbHbIEC CHCTEMBI.

(cornmacno cnucky TOPS00 (mronsb 2017) maTricTa caMbIX MOIIHBIX B MUPE
CYNEePKOMIBbIOTEPOBB UnCyio 60 caMbIX OBICTPBIX CYIIEPKOMIIBIOTEPOB BOILIN 9
CYIIEpKOMITBIOTEPOB, UCIIOJIb3YEMBIX JJIs1 ONIEPATUBHBIX MPOTHO30B MOTObI
(ELICIIIT (25 u 26 mecTa), MeTeoponorundeckue ciryx0b1 Benukoopuranum (11, 42
u 43), FOxnoit Kopeu (53 u 54) u @panuuu (57 u 58))! Kpome Toro, B 3TOM
CITUCKE CYNEPKOMITbIOTEPHI MeTeocayk0 I'epmanuu (99 mecto), Unauu (260),
CIIA (272 u 273) u Kuras (362). OTmMeTHM, 4TO yCTaHABIMBAEMBINA K KOHITY 2017
I. cynepkoMnbioTep B [T1aBHOM BbhIUHCIUTENBLHOM IIeHTpe Pocruapomera (I'BL]
PocrugpomeTa) 3aHsu1 061 ipuMepHO 210 MECTO B 3TOM CITHCKE).

O0benuHenne 00JbIMIMX KOJJIEKTHBOB JJIS Pa3pad0TKU M Pa3BUTUSA HOBBIX
MoJIeJIell OKPYKAKOIeH cpeabl.

Cdepuueckasi cucteMa KOOPAMHAT U TPEYIOJbHbIC CETKHU.

28.08.2017 CITES-2017, Tapyca 28



OCHOBHBIE OTAIIbI EE PA3BBUTUS
Reinert D., Prill F., Zangl G. Overview of the ICON model.
3rd ICON Training Course of DWD and KIT, February 28th - March 3rd, 2017

2001: pemrenue o koonepauuu Mesxkay Hemeuxon ciay:xkooi nmoroant (HCII) n
Meteoposaornyeckum uHcTuTyToOM M.IL1anka (I'amOypr, MUII) o coBMecTHOM
Pa3sBUTHHU HOBOM IJ100a/1bHOM cucTemMon moaeanposanus YIIII u kiumara;

2004: nepBbie COTPYAHUKH, PA3BUTHE MOEJIU MEJIKOU BOABI IJI1 CTPYKTYPbI
cetkumoneau ICON;

2008: ruapocTaTn4ecKoe TUHAMHYECKOE SI/IPO ¢ YACTHYHBIM UCII0JIb30BAHUEM MOJE/IH
ECHAM MMII; Hayasio padoThl CXeM MEPEHOCAa TPACCEPOB;

2010: HeruapocTaTu4eCcKoOe TUHAMHYECKOE AP0, B3aMMOCBA3D ¢ PU3HYECKUMU
napaMeTpu3anusMu;

2011: mepBbIe TeCTHI ¢ peajJbHBIMH JAHHBIMH, OCHOBAHHLIMU Ha aHaju3ax ELICIIII;

2012: apganTauusa3D-Varcxembl yCBOeHHMS JaHHBIX K CTPYKType ceTkumoaean ICON;

2013: o0bequnenuelCON — 3D-Var, najabHelnme’IKCnepuMeHThINOONTUMHU3ALNN

2014: (aBrycr) HaYaJI0 peIONePATUBHOMN (Pa3bl;

2015: (aHBapb) HAYAJI0 ONEPATHUBHBIX NPOrHo30B (13 kM, 90 ypoBHeii 10 75 kKm)
MocJie Mecsla A0NOJHUTEIbHOU NapalIeJIbHON NPOBEPKHU € NMPeAbIAYLIeH
KBA3UCTATHYECKOM ONePaTHBHOM I100aabHOM Moaeasio GME;

2015: (uros1b) akTUBALUSA BJIOKEHHOU o0sacTy Hax EBpomnoit
(6.5 km, 60 ypoBHeu 10 22,5 KM);

2016: (auBapb) ancamosieBoe(40 wienon) ycsoenneaanubix (Metox VarEnKF).



Max-Planck-Institut . D h rdie
fir Meteorologie Gl’ld Stl'l.l Ctu re m‘;d:;:f:fm“ﬁ

<

Icosahedral grid similar to GME, but unstructured triangular C-grid
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Haers 2.

COSMO
7

COSMO=Ru
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CncTtemMa ypaBHEeHHIl Mozenn (BeIBOI AaH B padote [36]), mpuBeaeHHasA K KOOp-
mumaaTaM (A, @. 0), rae { — KpuBOMITHEITHas oporpadmdecKkas KOOPIITHATA, BEITIISIIT
CIIEAVIOIIIM 00pa3oM:

du
dt

N . G
dt a cos @ dA ®

94

Jdt

dg”
ot

o TSIy

28.08.2017

Jow 1 ow dw 3 aw
ﬁz—{ u +vcosq}—}~f;

dp”’ 1 op’ dp”
= — i +VvCOos(Pp——
ot acos@\ JdA d

:_]l 1 E?E”’—VVG _ia’u_ 1 dp’ 1 dp, dp’ N
acos® di 0l pacosq| Jdi ﬁ oA dC
@:_{l oE, b _éav_ 1 (dp” 1 r?pu op’ M,
ot a 0@ 0 pal Jd¢ \/_ de d '

g Po I’
L f p ¢

T-T, Lp- R
+gp—ﬂ{( 0)_ ol +g&<ll[_—r—“1}¢]p*g;*qf .
pl & Ip, P R,

4 K

acos® dAi

- ap’ c
}~C a‘z +gp,w——LpD,

Cvd

o l z..'arﬂvvcos . Q——~ ] pD+Q,.
ot acos@l JA dP € pc,

. dg"
} o

—(S8"+S87)+M .

q

d
I ‘ !
—I : [u 99 +vcos @ 99 } —gaq £ Po il +S'+ M,
lcrcostp oA L0} ol \/— p dg 7
| dg” dg’ oq” g Po oP’ £
e 1 COS = ST+M,
Jlacostp(u o + vcos @ % = oC \/_ |3 oc +87+ M,
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KoHdurypauma COSMO-Ru

Hau. & rpaH. ycnosus.

/ S \ ™ rmu MHnumanunsaums
+ ObpaboTka gaHHbIX HabnaeHUN COSMO-Ru ML,
« AHanus Ans noAcTUnaroLLeil NoBEPXHOCTU ICON DWD * LUnapposas
+ «Nudging» aTMocdepHbIx HabnaeHi 1 IFS ECMWF hunsTpauma
AaBIeHNsl Ha NOACTMNAloLLEN NOBEPXHOCTH GFS USA
\o «Nudging» ckpbIToVi TennoTbl J GSM Japan

EMHaMMKa

 2*cnoviHas cxema PyHre-KytTta 2™ 1 3™ nopsigka annpokcumaumm
+ 5™ nopsigka annpoKcMcMauns aaBeKTUBHbBIX YTIEHOB

Xumusa
* Xvmus (ans ra3oBbiX KOMMOHEHT)
+ ®oTtonua
* Aaposonu

['eTeporeHHble peakuum

LInarHocTuka

XapaKkTepucTmKu NpU3eMHON noroapl
CpenHue 3HayeHus

MeTeorpammel

TpexmepHble 1 ABYMEpPHbIE MHTErpansl

28.08.2017 CITES-2017, Tapyca 33



YpoBHH B aTMOCc(epe
N p,mm z,m

0,5 22000

12,5 11807
Huxe 1550 m - 13 ypoBHeu
24,5 5162

MorpaHuuHbIN cnoi

36,5 1450 —
Huke 550 m - 8 ypoBHeEM

42,5 500
49,5 20
50 10 —_
50,5 0
28.08.2017

COSMO-Ru2 / Rul

ATMOCODEPA:
n-1/2 W, z
n T,u,v, pg
n+1/2 W, Z

50 /70 ypoBHeii

_

7 — caouHasg MoeJ1b MOYBLI

JHEPI'USA

0.00
0:01 m

0.03 m
0.09m

=+ 0.27m

0.81'm

243 m

7.29m

CITES-2017, Tapyca

21.87m

BOJIA

0.00 m
0.01 m

0.03m
0.09m

4 0.27m

0.81m

243 m
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.-.- COSMO-Ru7/13 ----
& 4060 3984

ms ome coswomza 2 M %
3 18 834 4 19 085

5 15 978 8 15 587 z: ; ::: :z i :::

7 13763 10 13998 - P 36 1662

9 11879 13 11807 27 1823 3

11 10 211 15 10470 1546 38 1254

<1550 m :

13 8711 18 8643 1295 39 1073
15 7 355 20 7539 12 ypoBHEU 30 1070 40 908
13 ypoBHeMn 31 871 a1 757

32 695 42 621

43 500

<550 m : 34 412 44 393

8 ypOBHe" 35 303 45 299

8 VPOBHEM 36 214 46 218

37 143 a7 150

38 89 48 65

39 a9 a9 51

40 20 50 20

41 0 51 0
39 49 49 51
41 0 51 0

28.08.2017 CITES-2017, Tapyca



13 anpensa 2011 r. LUMKTT npuHana peweHue o BHEOAPEHNA
CUCTeMbI Me3omacTabHoro nporHosa noroabl COSMO-Ru B
ONepaTUBHYHO MPAKTUKY B kayecTee 6a30BOU ANS
ucnonb3osaHua B &IBY "MuapomertueHTp Poccuun” n apyrux
NpOrHOCTUYeCKUX yudpexaeHuax Pocruapomera.

15 pexkabpa 2016 r. LULMKTT npuHana peweHue:

J BHELOPHUTDb B onepatuBHYO NpakTUKy MO TeppuUTopum
Mockosckoun obnactmn u LU@0O nporHo3sr 0caakos U CKOpPOCTU
BeTpa no COSMO-Ru2, kak aononHarowme um
AeTanusnpyrowme oCHOBHOU metogd nporHosa no COSMO-
Ru7/;

d NCTTOJNIb3OBATDb nporHo3ssr COSMO-Ru2 (TemnepaTypsl,
BeTpa, 0CaAKoB) No Tepputopum CesepHoro Kaskasa B
OnepaTtUBHOWU NpakTuke B kayectee OCHOBHOI'O
YUCIIEHHOr0 MeTOoAa KpaTKOCPOYHOIrO NPOrHO3a NOroAbl

28.08.2017 CITES-2017, Tapyca 36



1.

Cucrtema COSMO-Ru co3gaHa KOnnekTMBom COTPyAHUKOB
cneayroLwmx opraHmsaummn:

®rbY "lmppomertueHTtp Poccun”
(B TOM Uncne 6onblian rpynna monoabix BbiINyCKHUKOB
Kadeapbl meTeoposorum n KAMMaToNormm

reorpadpuueckoro pakynbreta MIry mm. M.B.JlomoHocoBa),

®rbY "IBU Pocruppomera”

Kadegpa meteoposormm u KiMmatonormum
reorpadpunyeckoro ¢pakynoreta MIry um. M.B.JlomoHocoBsa,

®rey "Cu6HUITMA”.

28.08.2017 CITES-2017, Tapyca 37



Komanga (33/20/6/13/5)

1. Texn. auuua : I[.C.PuBun, /I.B.baunosB, U.A.Po3MHKHNHA;

2. T2m : U.A.Po3unkuna, /I.B.baunoB, A.Il.PeBokaroBa, |.C.PuBuH;
3. ART : A.A.Kupcanos, Y.Kocrposa, A.Il.PeBokaroBa,l.B.CypkogBa, ;
4. CHer : U.A.Po3uHkuHna, E.B.Kysbmuna, M.M.YUymakos, B.B.Koneiixun, E.Uypoaun;
5. Cetkn : [.C.PuBun, /A.B.baunos, E.B.Tarapunosuu, M.B.lllarynoBa;

6. AncamoOu : E.JI. AcraxoBa, L.LKO.AuadepoB, I.C.PuBuHn;

7. Ilorp. ciaou : B.JL.IlepoB, M.A.Huxkutun, M.U.Yymakos;

8. VERSUS-2 : A.IO.Bynaean, M.B.3aiiuenko, A.A.Kupcanos, A.B.MypaBbLeB;

9. YeB. nannbix : L.C.PuBun, /JI.B.bauno, E.®@unkeanoepr, M./[.LIbIpy1bHHKOB;
10. IToctnpoueccunr : U.A.Po3unkuna, E.B.Ky3bmuna, M.U.YUymaxos,;
11. boJora : ALJO. IOpoa, M.A.HUKMTHH;
12. ITouBa : U.A.Posunkuna, /.M. Ilpeccman, I.C.PuBUH;

13. Onacubie ML.A. : Bb.E.lleckos, /[A.B.baunos, B.JL.Ilepos, I.C.PuBuH.
14. Iloasip. uukiaonsl : [.C.PuBun, M.A.Hukutun, M.N.UymakosB;

15. Pagnanus : H.E.YybapoBa, A.ITosaroxos, I.C.PuBun, M.B.lllatyHoBa.
16. Jlec : A.B.OJIB‘IGB, I.C.PuBun, U.A.Po3unkuna, U.A.Poszunkuna M.A.Hukutun;
17. Kaumart : A.B.KI/ICJIOB, M.A.Huxkutun, [.C.PuBun, B.C.Iln1atoHoB, M.U.Bapenuos
18. Ymca. meToasbl : B.M.I 0J1I0BU3HMH, I .C.PuBun, /I.B.biaunos,
CuHuii uBer  — MoJI0Ke 33 J1eT, IOAYEePKHYThI (paMHJINH K.H.-
28.08.2017 CITES-2017, Ta

ca
pacmf,mdeeT — MOAYEPKHYTHI (PAMUJINH /I.H., OCTAJIbHbIC K.H.



Cucrema COSMO-Ru: obnactn onepaTMBHOro nporHo3a noroaol.

3a cyTku moaroraBjauBaercs u paccbuiaercss 0osee 8000 kapr u 2500 mereorpamMm
(KOJIM4YeCTBO y3J10B 3-MEePHOM CEeTKHU AJ151 aTMOcdepbl)

. COSMO-Ru13 (ENA)

R P S, K T COSMORaT
i at: I.'I """-~-..__Ilr.i_=_.‘ / ‘} Jiuﬁ\é‘%ﬁfl‘ﬁg;“ﬁ- ?_H bt _QOS'M'O-RUZ '.
[/\/. 20000 000 y3M0B ; ™. »f;ﬁ A PN (CFO, VFO.SFO
N N\l w2/ X \ =4 COSMO-Ru1

r#-@j

]’f‘“*-*\ COSMO-Ru13Sib -
3r0B LRSI

S
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o ) Fi
< B/

'\x ! _;Tj '\_*_J-

“"._"‘F J.-' i {;\ﬁ-' > # \\\ ;)
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[P . ';’_’,.-'II_ | C ] ; 'f

f P 1 - E
e =
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TexHonornyeckaa nuHusa (ICE, Tornado - VFO) cuctembl COSMO-Ru: cyet B 00, 06, 12, 18 u.
COSMO-R_u13 .(ENA)

UV e
HY & [Y > N = Y v
HY &TY 0 & R
) i --'ﬂ ; 5 N o :'I 'E .’ ‘A: e
- ~COSMO-Ru? &

O6nacTb : 13200 km x 6100 km

i I A Xx : 13.2 km
2 et : At : 120s
120 h (2.50-4.20)

X Kkmx4340Kkm  "COSMO-Ru2 & T1POTHO3 Ha
O6nactb 4990&"#4%“_#@__ o COSMO-Ru2 o B0 3o

AX N km r‘ - i 3 SF . 0-5.25)
At :66s = I f AH)L&_DﬁJ
lNMporHo3 Ha: 78 h (2.50-3.30) . 4

I
' i

Y&IY

o o

5. 7360000 y3nosf* b S [

: '.:: == ;‘.H:"_" . '
' i * ] RS- g

g iy @ /10105000 yarjos =
b VFO (3.90-5.10) (1.05-1.30)
e 7 Tpu o6aacmu —
% O6nactb: 5000 km x 3200 km Ob6nactb  : 900 km x 1000 km Qonacre: 210 K x 210 km
p—— A x : 1.1km
T AX : 13 km A x : 2.2km At . 5
At : 120's At : 155 s 36
: n D a2 h MporHosHa : 36 h
NMporHo3Ha : 78 h pPOrHo3s Ha 1 800 000 yanoB
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00:00 13des 2017 (UTC): H500

.".Or'!"/ |

Mporuas Hwa O4. ot 00:00 13ges 2017 (UTC)
COSMO—-Ru 13.2km

28.08.2017 CITES-2017, Tapyca

—H500 [gp dam]

41



COSMO-Ru system products

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 Saffir—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

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

|:| Tropical storm 39—-73 mph 63-118 km/h |:| Category 4 130-156 mph 209-251 km/h ti}e center
(0]
Category 1 74-95 mph 119-153 km/h Category 5 2157 mph 2252 km/h
[ Jory P [l Jory P the cyclone
[ ] category 2 96110 mph 154-177 km/h [_] Unknown were

predicted
quite
accurately

The background image is from-NASA.
Tracking data is from NOAA.

Lead time O4. |or 00:00 06won 2014 (UTC+0) — H500

28.080EMO -RU 13kM CITES-2017, Tapyca 42



Mpoayktbl cuctembl COSMO-Ru
B cyTku 8000 kapTt n 2000 meteorpamm)

MeTeorpaMmmbil Ansa nyHkToB

KombuHaumm napameTpoB
O6LWNpHbIE PEMOHDI

«BbIpe3kn» NoBbILLEHHON
aetanusaumm

(LleHTpanbHbIv pervoH, anbHuin
BocTok, , Cubunpb, bantuinckoe,

Q
a
Q

‘-Iacrl%g Bgﬁa'é%%&ﬁ'ﬁ%-ﬂu‘}ﬂ )

AaBrieHue
01:00 17FEB 2014 (MSK) ---'-'“l-""."" e L S BT
15:00 16nex 2018 (MCK): Betep Ha 10w N m-mum-c--mn«,u,u;o,cam,,,,, ”-""‘n-m-““-"
» ik . obnaudocth
BepTuKanbHble
npodmnm
/ " Mpoaykuna GRIB, a Takxe-
BRI S AOMONHUTENbHO — COrflacoBaHHbIX C
e S, nonb3oBaTtensmu ¢popmartax (ASCII, XML,
o Ry O OTER BN et CVS & etc.)
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Ipumepsl npoaykuuu COSMO-Ru2 (Ces. KaBka3)
Cymma ocapkoB 3a 12y BrnaxHocTb n NUHUM TOKA BeTep,

WLGAM 3G IPTADAYWNE 14 SALUD (WM Hanpagnerne 6e1pa, OTHOCHTENswAR BIENH0CTE wa HBOO UPIOU Tolexk ZUTb (MUK) DeTep Ha 1Uu
TrRT e coagh oo Cef@r o
k : AnAT
% .
- s | I 3
- e = VIRV NI -
- . § [EORERERS]
s . ‘;},L 6"7—“‘-—@1{; = o
o w § Yy sy )
i - SHASA o
< H h - 2
) "
L o
Ve s N TR
u 7 PEPYRRDA SA. t
103 wa 424 0F 15:00 [4aex 2016 (MCK)
IMO—Ru 22w — Hanpasnewne serpa 0-Ru 22w e gerag v 100
Ha3 ma 42% 0T 15:00 l4ge 2016 (MCK)
IMO-Ru 2.2um — Anerewwe wa ypome wopa
MpupocT BbICOTbLI CHera T2m,
{1 1 { {he T -
15:00 1508 2016 (MCK): MpupocT sucoTu cuera sa Z24u. Q100 1Saee 016 (MCR): Tha, THSD

e R L |

Deweser mcuty mers se 2o fev]

el e

Mparsss wa 24 or 1500 T4nex 2016 (M0K)
Moctnpoueccase COSMO-Ru 2 2k
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Mpoayktbl cuctembl COSMO-Ru: COSMO-Ru7

MeTteorpamma ans NeneHpxuka
05/07/112,12 UTC, fc+78 h

‘ Sochi_Gelendjik_W — MNpeaocTasneno: 'Y "Tuapaderuentp Po" | Ooarota: 87.9235 | WupoTta: 44.58 | Bucota: 40.768M |
‘ Mpoervoa Ha 78 yacafoe) oT 05.07.2012 16:00 MCK (124, UTC+0) | Mepene COSMO—-RU / Pwkm | Paccurano: 05.07. 20712 19:37 MCK |

CunbHble 40XAN Bbi3Banum
KaTacTtpoduyeckue naBogku
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NMporHo3 nopbiBOB
BeTpa No moaenu
COSMO-Ru2.2

3a 3.54aca go
cobbiTnA
(BbinyweH B 11.30
MCK)

benasa oKpPYy>XHOCTb —
nonoxxeHne MKA/

KpacHbiM noKasaHbl
30HbI C YCUIEHUAMMU
BeTpa Bbiwe 25 m/c

[MporHo3 wa Ou.

ngMaq 2017 (MCK): BeTep Ha 10wM

15 0820 COSMO—Ru 2.2km
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o1 09:00 29mas 2017 (MCK)
CITES-2017, Tapyca L'_E'ETE'P Ha. 10m

MNopeiew BeTpa Ha 10u [M/c]
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ObnacTb kBasnonepartnasHoro rnporHo3a COSMO-Ru7-ART

X MR  +50:00 BCB nporHos Ha 48 u.

| L | ER - B 12:00 BCB npor+o3 Ha 60 u.
 ceTka 135x150x40
» ~30-45°B.4., 50-60°c.LL.
e Llar ceTkn 7 Km
*At=40c
* HaYyanbHbIE U rPaHUYHbIE
ycnosuss COSMO-RU7
[, * aHTponoreHHble ammccnn TNO
« CO, NO, NO,, 05, SO,, PM,,
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AECA

EBPOIEMCKOU TEPPUTOPUU POCCUM
B YCAOBUSIX MEHSIFOLLLEI OCS1 KAUMATA

Onsuer A.B., Asunor B K., Baiibap A.C., benorernos H.B., bononauacknii B.K.,

Heanos JI.I.. Ky3emuna E.B., Kyp6arosa IO A, Jleramosa H.T., Mamxun B.B.,

Manrypa IL.A., MomaanoB A.I., Myxaprora [O.B., Hukutua M.A., Hosenko E.1O.,

Ilpumaga B.b., PuBun 1.C., Pozunkuna H.A., Cazonora 1T.A., Cangnepckuii P.b.,
Cypxora 1.B., Xonomesa E.C.

AR P
A
I .
(UMK )
s

MOCKBA 2017
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NMapamemposi ammocgepoi
(PAP, memnepamypa, enaxrHocms, CO, )

o !l -

®omocuxmes u “ YemeuyHas Tpaxcnupayus
dbixaHue e nposodumocme (nucm, pacmeHue,
(nucm, pacmeniue, (nucm, pacmenue) pacmumensHbiii
pacmumenvHbii &R nokpos)
nokpoe) gy \ /
o 2 BodHbiii
nomeHyuan
- aucma
MNMapamempeoi !
ammocgepbi ’tf fk
(ocadku)
» Bodubm nomexyuan

no4yesi u KOPHBU

Puc. 7.1. O6mias cxema COIpsBDKEHHOT0 OIMMCaHmsl (POTOCHHTE3a, JIBIXaHHS, YCTEHIHOIT
IIPOBOMMOCTH M TPaHCIHMPAINH pacTUTENIbHOT0 nokposa (Olchev u ap., 2009).
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Puc. 11.2. O6mas crpykrypa Mixfor-SVAT mozenu.

28.08.2017 CITES-2017, Tapyca 50




KomtextupHas MoHorpadus 0000maer pe3y/IsTaTkl KOMIUIEKCHBIX SKCIIePHMEHTATBHBIX
H MOJIENTBHBIX HCCIIeIOBAHHIA, HATIPABIEHHEIX HA H3YUeHHe JIECHBIX 3KOCHCTEM IIeHTpallh-
HBIX patioHoB EBpometickoii Tepputopun Poccuu i HX ponu B 0OMeHe ITapHHKOBEIMH I'a3aMH
MeXTy 3eMHOH MOBEPXHOCTEIO H arMocepoll B YCIOBHAX H3MeHAIOIMerocs KiuMara. B
KHHTe [IPOaHaIH3HPOBAHEI COBPeMEHHEIe TeHIEHIIH H3MeHeHHA KITHMATHIeCKHX YCIOBHIA
H JIECHOH PacTUTEIBFHOCTH B HCCIYEMOM PerHOHe, MpeCTaBlIeHbl PeKOHCTPYKIIHH HX JTH-
HAMHKH Ha MPOTSHKEHHH TONOLeHAa U ClieHapHH BO3MOKHBIX H3MeHeHHH B OyaymeM. [loka-
3aHBI PE3Y/IBTAThl 3KCIIEPHMEHTAIBHBIX HCCIISIOBAHUMI 110 OIIEHKEe BJIMSHHS CIUIONIHBIX Py-
OOK Ha ITOTOKH ITAPHHUKOBBIX I'a30B B JIECHBIX HKOCHCTEMAX.

PaccMOTpeHE! CcyIecTRYIONIHE MO/IeTbHEIE TTOXO0/IB! /114 OMHCAHHS MepeHoCca apHHKO-
BBIX Ta30B MeKJIY 3eMHOH IIOBePXHOCTEIO H aTMOC(epoH, a Takke BOAMOKHOCTH HX IIpHMe-
HeHHs JUIA 1IporHo3a notokoB CO; u H2O B 1ecHBIX S5KocHCTeMax IpH KITMMATHYeCKHX H3-
MeHeHHX. Ha ocHOBe pe3y/sTaToB YHCIeHHBIX SKCIIEPHMEHTOB IOKa3aHa ONpeJielAroas
POJIb JIeCOB B (DOPMHUPOBAHHH JTOKATBHBIX H PETHOHANBHBIX METEOPOIOIHYECKHX VC/IOBH.
MoHorpaus paccuuTaHa Ha IMHPOKHIH KPYT CIIEITHATHCTOB B 00TACTH SKOJIOTHH, METEOPO-
TIOTHH, TIaJeoreorpadHy, MaTeMaTHIeCKOro MOJIeTHPOBAHMS.
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12. BIMAHUE UBMEHEHUSA JIECUCTOCTHU HEHTPAJIbBHBIX PAHOHOB
EBPOINEMCKOHW TEPPUTOPUU POCCHUHA
HA PETUOHAJIBHBIE METEOPOJIOIT'MTYECKHUE YCJIOBUS:
OLIEHKA C IPUMEHEHUEM KJIUMATHYECKOW BEPCUU MOJEJI COSMO

Kyssmuna E.B., OabueB A.B., Hukutun M. A., Posunkuna U.A., Pusun I.C.

........

|
]
r

e | o | LT
m.l""‘r:_ i,,,.w' 0 01020204050607 o
Puc. 12.1. OGaacrs iwnrerpuposang mogenn COSMO u obascts sganioll asenesmof

AECHETOCTH wPernony (Orpanienn Kpaciiid sonTypost ). Linetom nokasamns creneis ofnecennocTIl
TeppirTopin ABOFHLIMIT 1T CHPOROINCTREINIIMIT Decamil (1 JoSEX eIHIs ),

28.08.2017 CITES-2017, Tapyca wa 52



NMonsipHble LUKIOHbLI

ENA (Europe - North Asia)
Ax=Ay=132km, At=120s
1000 x 500 y3noB

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

> BKS (Barentchevo - Karskoe Sea)
» Ax=Ay=22km, At=10s
> 1000 x 1100 grid points

28.08.2017 CITES-2017, Tapyca 53



Bepudukauna COSMO-Ru no cnyTHMKOBLIM AaHHbLIM

MporHo3 o1 2014.03.26 00 UTC
Ha 07:45 (npn3emHoe
fasneHue, obnaka cpeaHero

Apyca)

Monen COSMO
peanncTuyHo
BOCNpON3BOaUT
obnavyHoCTb B

HAIAPHBIX LLUKIOHaX CITES-2017, Tapyca 54



oo @[ﬂHIIFIIIHI
Ob0iacTH pacyéTOBREE L

'ﬂ'nﬂ A€TaM3allnn N Obnactu mogensHbix pac4értos 13,2, 6,6 U 2,2 km
METEOPOZIOTMYECKUX NMONEN ‘ L ‘ i&vﬁ:ﬁi M

MCNO/Ib30BaAJICA METOp,
B/IOXKEHHbIX CETOK: pe3yNbTaTbl
pPacyéToB nNo bonblien obnactn =N
MCNO/Ib30Ba/INCb B Ka4yecTse
HaYaNbHbIX N TPAHUYHbIX
yC/I0BUN AN meHblien. War
CEeTKW Noc/iea0BaTe/IbHO

54°N 1

coctasun 13,2, 6,6 n 2,2 Km 45N

C warom ceTkun 2,2 Km N 1 :

PaCCYUTHIBAZIUCH SKCTPEMANbHbIE '

CUHOMTUYECKMNE CUTYaLUM, 27°N |

Habntoaaswmecs ¢ 1985 no 2015 “128%E 136°E 144°E 152°E 160°E 168°E 176°E
rogbl.
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Ilose naBjaenus (rlla) u ckopocTu BeTpa
(M/c) 1996 02.14, 23 u. BCB

32.5

O6wan CTpyKTypa noneu
BeTpa U AaBNeHUA

ANA pPa3HbIX MOAENbHbIX 4OMEHOB
OYeHb NOX0Xa, HO NPU YMEHbLUEHUU
lara CeTKM Mmogenu ysemumnBaerca
NATHUCTOCTb CKOPOCTU BETPaA

28.08.2017 CITES-2017, Tapyca




COSMO-Ru system for PyeongChang 2018

COSMO model setting

COSMO-ICE66 COSMO-ICE16 COSMO-ICE04

Domain 2770 x 2770 km 825 x 825 km. 180 x 189 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
II\;iJlrer;:er of vertical 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 3n 1h 1h — 15

conditions update

28.08.2017 CITES-2017, Tapyca 57




Organizing NWP system for PyeongChang 2018

?r.v: II'. 'Jﬂ af'#f kS °
Hrh - Domains for NWP

7 COSMO-ICEG66
“~_ " dx=6.6 km

COSMO-ICE16
dx = 1.65 km

COSMO-ICEO4
dx = 0.445 km

"

LY CITES-2017, Tapyca s 58




Snhow event on January 29-30, 2016

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

T P

" | Midlevel Precipitation

| Thursday .f"h‘--'l' : 5 . : ’ : - cloud, % 1 mm/3h
> | W\ 90 520
o ' 25-50
= & >= | 70-90 | 15-25
50-70 'MW 10-15 |
5-10
== 2-5
= 12

011

. i
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Snow event on January 29-30, 2016

COSMO-ICE16 forecast from 28.01.2016, 00 UTC + 48 h
Pmsl, Midlevel cloud, 3h accumulated precipitation.

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

»g0 |M 230
70.90 | M 26-50
I : 15-25

50-70 | 1015
30-50 |8 510
10-30 |8 55
1-2
041
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ICON n ICON-LAM-Ru

28.08.2017 CITES-2017, Tapyca
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YaecTs 3.
ICON
Y

|CON=LAN=RuU
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ICON features which are important 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

28.08.2017 CITES-2017, Tapyca 63



HoBasa rnobanbHaa HermapoctaTuueckaa mogensb ICON
(ICOsahedral Nonhydrostatic model )

«ICON saBnsaetca pa3paboTkon HemeuKoi cny»K6bl norogbl (Deutscher Wetterdienst — DWD)
n MeTeoposormyeckoro MHCTUTYyTa MM. Makca MNnanka(MPI-M) ana cuctembl rnobanbHbIX
NPOrHO30B NMorogbl KAMMaTa HOBOIrO NMOKONEHUAY.

B 2012 UHcTuTyT TexHonorum B Kapnpys npucoeanHunca K pabotam ana NnoaKA0YEHULO
Xummnyeckorro moayna ART.

Ucnonb3yetca agna onepatusBHbiX nporHo3os ¢ 01.2015

O6naactb Nobyc:
LLlar cetku : 13 Km -> 2.95 MaH Touek 1 avenka: 173 km?
Yncno yposHen: 90
3abnaroBpeMeHHOCTb MPOrHO30B8:
1744 no00mn 12 UTC
784 B8 06 and 18 UTC

BcTpoeHHasa obnacrb:

LLiar ceTku: 6.5 Km

Yucno yposHen: ~ 60

3abnaroBpemMeHHOCTb MPOrHO30B:
78 4no 00, 06, 12 118 UTC

1 ayelika: 43 km?

G. Zangl (DgytsshgrWetterdienst, Research and Development) «1es.90T7 Tapyc L 54



Numerical Weather Prediction at DWD in 2015
Global model ICON ICON

i : COSMO-DE (-EPS)
Grid spacing: 13km with zooming area Europe

Grid spacing: 6.5 km Grid spacing: 2.2 km

Layers: 90 L 30
o~ ayers: ~

Forecast range: Layers: ~ 60

_ Forecast range:
174 h at 00 and 12 UTC Forecast range: i

78 h at 06 and 18 UTC 78 hat 00, 06, 12 and 18 UTC 24 hat 00, 03, 06, 05,
: 12, 15, 18, 21 UTC

1 grid element: 173 km? 1 grid element: 43 km?

. 1 grid element: 5 km?
plus three other zooming areas 8

o To0 1400 2100 2800 3500

Hibhe der Drographie in m
= S 65

D.Majewskl (Deutscher Wetterdienst, Research aevelopment, detlev.majewski@dwd.de)



Co3znanue moaeau riodaabHoit moaeau ICON u ee Bepcuu 1
orpaHuyeHHou TeppuTtopuu ICON-LAM nposoaujiacs NpuMepHO
4() akTUBHBIMH Pa3padOTUYNKAMU (CHEHMATUCTAMHU B 00J1aCTH
METEOPOJIOTUH, MATEMATHKHA U CUCTEMHOI0 MPOrPAMMUPOBAHNA).

BeJIMYMHA COBOKYITHOCTH Pa3padoOTAHHBIX UMM NPOTrPamMM JJIst
Moaeau ICON/ICON-LAMcocTapisier npuMepHo 670 Thicsau
cTpok Ha s3bike Doprpan (F95/F2003/F2008) u 200 ThICAY CTPOK
Ha s3bIke Cu (3Ta nHpopManua OblIa NpuBeaeHA B Jekuuu D.
Reinert, F. Prill, G. Zangl «OverviewofthelCONmodel» na 3-u
mkoJe mo moaeau ICON, 28 ¢pespanas 2017 ., Opdendax Ha
Maiune, 'epmanus

(http://www.dwd.de/DE/fachnutzer/forschung lehre/seminare/
2017/icon_training/icon_training node.html).



D. Majewski

(Deutscher Wetterdienst, Research and Development, detlev.majewski@dwd.de)
Deutscher Wetterdienst 6
‘Wetter und Klima aus einer Hand ]

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

800
600 runtime
= total
400 = DyCore (nh_solve)
300 = Physics

200

100

50
Static Domain
Decomposition =25
Example. 1100 PEs £

5760 11520 23040 46080 92160
MP1 tasks x OpenMP threads. hyperthreading enabled |
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Puc. 3. -Obmacrs anrerpuposanns  [CON-LANM-EN A (caena ¢ BuU1e e HUBIV Ha S oM
KOOPINHA T CAsuny roitcdepugeckoil cucremoil Koopmnar) -
I HAT 0 KOO ARG T casuny roii ce puueckoii cucremoil koopanmar (cnpasa )

28.08.2017 CITES-2017, Tapyca
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1 Pa6ora mo miaanam Pocruapomera
] Pabora nmo nepcneKTHBHBIM IJIaHAM KoHcopuuyma COSMO

(J MeTeobecneueHue cieluaJIbHBIX EPUOIOB
»Ka3zanp-2013, JleTHsiss YHUBepcHuaaa
»Coun-2014, 3uMuue QUMNUIiCKHE UTPbI

>I[3JII)HI/II71 BocTok -2016, Poccusa —Kurtaii: JABYXCTOPOHHEE COTPYTHHUYECTBO

»Aamarbi-2017, 3uMHsIsT YHHMBepcHaaa
»PyeongChang-2018, 3umHue OJUMIMICKUE UTPbI
»KpacHosipck-2019, 3uMHsIsT YHMBepcHuaaa

d Pa6ora no npoexktam PH®, xo310roBopa
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MPUMEP: ICON-LAM —Ru: yncneHHbie akcnepmmeHTbl (Cray-

XC40)
CeTKa: war 20 km, R02B07
war no spemeHu: 60 ceKyHA
Bpems cyeTa: 630 cekyHpa (10,5 muH)
NPOrHos: Ha 42 vac.

PacnapannenusaHue Ha 25 y3nax:
300 mpi-noTokoB, 4 HUTK, 2 TIMBpuAHbIE BeTKKU, Bcero 2400 agep

COSMO-Ru = ICON-LAM-Ru

2017 - 2018: Tectbl ICON-LAM-Ru

2019 - 2020: TecTbl cuctembl yceoeHua EDA (u EnVar) ana ICON-LAM

2017 - 2022: NocteneHHada 3ameHa COSMO-Ru Ha ICON-LAM-Ru

28.08.2017 CITES-2017, Tapyca
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Project ICE-POP2018

(International Collaborative Experiments for Pyeongchang 2Qf

Olympic & Paralympic winter games) 7

e was endorsed by WMO on 27 November 2015

e Participants from 11 countries (Australia, Austria, Canada, China,
Finland, Russia, Korea, Spain, Switzerland, UK, USA) take part in
the project.

* The main goal is advancing seamless prediction from nowcasting
to short-range forecast for winter weathers over complex
terrains based on an intensive observation campaign

Roshydromet representatives participate in two WGs: NWP WG and
Evaluation WG.

NWP system for Pyeongchang 2018 based on COSMO-Ru model was
organized in Roshydromet.

Human resources: 5

" Dmitry Kiktev (Evaluation WG), Gdaly Rivin (NWP WG)

= NMarina Shatunova, Denis Blinov,’ EKaterina Tatarinovich (mastér's



NWP system for Pyeongchang 2018

1320 x 1100 km

COSMO- _ . 150 x 200 km
J Domain 600 x 5;00 grid 300 x 400 grid points
points
Grid spacing 2.2 km 0.550 km
Number of vertical 50 60-22
levels
Time step 20 s 6s
Forecast lead time 24 h 12-24 h
iy . Driven model ICON COSMO-ICEO02
£5SMG Bedpyagtivities 3h 15 min
| DAS for COSMO-ICEO2 run 8 times per day from 21

ICEOO5 | :,.cnscnone
e

"I.
¥

February 2017

COSMO-ICEO2 run 3 times per day (06, 12, 18 UTC) in
guasi-operational mode

Several experiments (case study) were conducted with very
high resolution version COSMO-ICEO05

Near future plan

* To find optimal physics configuration for COSMO-ICEOQ5

* To run both versions for the winter 2016-2017 period
28.08.2017 * To verify obtaimedresults using spatial verification methods
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MnaH Ha 2019 .

Cuctema COSMO-Ru:
obnactu onepatMBHOro NPOrHo3a noroabl

_+ COSMO-Ru6 (ENA)
“e. COSMO-Ru1 |

* *COSMO-RuO5MSK
' |

2 =
MBOCTOK
S

adf

o

28.08.2017 CITES2016OSMO-RUSIb He MoOKa3aHb! 4

PacuemHbie obaacmu COSMO-Rul 0n4a Coyu u

S

o




NMnaH ganbHenwen paboThl

1. OnepatusHaa ICON-LAM

v HoBas duU3uKa,

v/ TpeyronbHas ceTka,

v'HepaBHOMepHasA CeTKa,

v BepTUKaNbHAA U FOPU30HTa/IbHaA TeNecKkonusawms,
v'3aKOHbI COXpaHeHus,

v'LES (Large Eddy Experiments)

2. UccheposaHue ¢ ICON

28.08.2017 CITES-2017, Tapyca
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a) - . . . «0)

IFS [ELICTIN) we scerga ayawe, ves ICON (HCT),
IFS (ELICNIN) ve scerpa ayswe, 4esm ICON (HCN), AH [orHocuTEnbHER BRamEDCTE) B T2m, UewTpansuan Espona, Ansaps 2017
RH [orHocuTensHan snammocts) u T2m, Lewtpansuan Espona, Aexabpe 2016 T —————
— T _ W AT
e VTS DO CIE STAT AdL

RH, cpeaman ownbua T2m, cpegnan ownbea

3 Boe 1 k.1 !
i3 i\ | ]
: - ] |
\ AN . agi-l 1
1
L} I

L KpacHuit user IFS (ELICTIN) , wepwnii ICON Kpacsuit yser IFS (ELCTINY , wepssid ICON

PycndunumpoBaHHbi cnaing ns goknaga lLlaurns.
Zangl G ., 2017
Recent model improvements and current status of the limited-area

mode. — COSMO User Seminar, Offenbach, 07.03.2017
(http://www.dwd.de/EN/specialusers/

research_education/seminar/2017/cosmo_user_2017/cosmo_user_2017_en_node.html).
28.08.2017 CITES-2017, Tapyca 76



CpeaHeKBaapaTUyecKkas ollnbKa Mmy1bTUMOAE/IbHOro NPOrHo3a
T850 (a) n H500 (6) ana maa 2017 r.
http://apps.ecmwf.int/wmolcdnv/scores/mean/

=

a) - - - - . - 0)§

Data: 201705 AMSEF 850 hPa tn ham/obsanatons

anat
i

OueHku aa cpaBHeHust moaesien, koropbie Beaer EICIII mo
Junuu BMO, nis CesepHoro noayumapusa ajas mas 2017 . ajis Beex
6 LHeHTPOB, KOTOPbIE COOMPAIOTCH B JIaJIbHEHIIEM NIPOBOAUTDH
MYJbTUMOACJIbHBIN CE30HHBIN MPOTrHO3 MOT0AbI.

28.08.2017 CITES-2017, Tapyca 77
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Max-Planck-Institut Bantscharietiaiiionss %
o : euTscner Yweteraiens
far Meteorologie Wetter und Klima aus einer Hand Ny

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

Giinther Zangl, on behalf of the ICON development team
CCIA User Seminar, Offenbach, 07.03.2017



WMO verification against
radiosondes

Comparison between DWD and
other global NWP centers

RMS errors of temperature,
geopotential and wind speed at
850 hPa, lead time 36 h,
northern hemisphere

28.08.2017

WO verification against observationg

GME ICON

lead-time: 36h.
valid-time: 12UTC

level: BEOhPa

nhen

=
3
:
14- H850
o
&
12-\/\/‘\ é
=
2
i
CITES-2017, Tapyca
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WO verification against observations
leack-time: ¥2h

e g2 T GME |CON
nhery.
7850 UK
24M Japan
2.1- §i_ France
WMO verification against - | ECMWE
radiosondes W\/\fw
15-
Comparison between DWD and H850 J;CS;
25-
other global NWP centers m : '_:J:Z“ce
RMS errors of temperature, ity g o
geopotential and wind speed at UK
850 hPa, - ECMWF
lead time 72 h, ‘
northern hemisphere V850
France
g DWD
5 - UK
V\,J\/\/f\/\/% ECMWF
28.08.2017 CITES-2017, Tapyca 81
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WMO verification against
radiosondes

Comparison between DWD and
other global NWP centers

RMS errors of temperature, E i

geopotential and wind speed at 850
hPa,
lead time 72 h,
southern hemisphere

28.08.2017

WD verification against observations
lead-time: 72h
valicktime: 12UTC
level: B50hPa

GME |CON

‘snemf.

CITES-2017, Tapyca
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Impact of new bare soil evaporation scheme: RHand T @ 2m,
SW-Siberia, September 2016

ME

2016/09/01-00UTE -~ 2016/08/30-18UTC
INI: 00 UTC, DOM: S-W Siberia, STAT: ALL

0.05-

000+ @

-0.05 1

-0.10+

0,20+

score value

0.15-

0104

0,05+

0.00-

28.08.2017

forecast time [h]
CITES-2017, Tapyca
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ECMWEF is not always better than ICON: RH
and T @ 2m, Central Europe, December 2016

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

"Ja_lid haour
- ALL

Experiment
== con
== ifs_icon

score value

= ] s = 4]
Oy - o Oy v L @ Cy ks w0
) T T L

28.08.2017 forgeast Hme [ 1Es (ECMWE), black: ICON 84



ECMWEF is not 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

0.5

! ME
| AH
| 18

-0.054
0.0-

"u’allid haour
—ALL

Experiment
- icon
= ifs_icon

score value

0.05-

DIDD' T T T T L T D'
e

o = - O
o N ¥ ©
e ha 8 T

forecast time [h]

28.08.2017 CITEs-2017, Tredz IFS (ECMWEF), black: ICON 85



Deutscher Wetterdienst g
Wetter und Klima aus einer Hand b ‘

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



lllustration of ,stripe-grid’ used for supply with
lateral boundary conditions
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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 / EnKF 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)



Research application: HErZ NARVAL |
HD(CP)?

ACONLAM (Inital state: ECMWE analysjs; £BC; FCMWF forecast)
hl?t%g?/a/go%.él/zb%fﬁ km; At=24s 10°S to 20°N; 68°W to 15°E

Domain Il (two-way nested): A =1.24 km; At=12s; 4°Sto 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 XC40;
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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https://goo.gl/bYfIZT

Tropical cyclone FIONA

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

ICON HErZ - NARVAL-Il - HD(CP)® Simulations: 20160817 +10.0h
Column Water Vapor (g/m
: - .
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Daniel Klocke (DWD), Matthias Brueck (MPI-M)
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Tropical cyclone FIONA

ICON HErZ - NARVAL-Il - HD(CP)* Simulations: 20160817 +10.0h
Column Liquid Water _ _ «g/m®

—C

15°N

10°N -

5"

5°8

BO*W 45"W 30w 15°W o
0 0.005 0.08 0.4 1

Simulaton by Danisd Kiocks (DWD) and vimimlization by Matthiag Brisck (P}

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



deg latitude

Model domain and orography
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deg latitude

Accumulated precipitation (29 days, mm)

total precip kg m-2
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score value

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