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[ 1naH goknaga

MoTunBauna n TpedboBaHus

bnok peweHnsa ypaBHEHUN OANHAMUKNA
[Tpobnembl pa3paboTkn napameTpusannm
[TpobnemMbl yCBOEHUA OAHHbIX

[Tpobnembl 3P ekTUBHOW NapannenibHoON
peanusauumn

Mopenb INJ1AB



MoTuBauus

* ECTb WWaHC 4Yepes HECKOSbKO NET AorHaTthb
CPEOHEMMPOBOro YPOBEHL B rnodasrbHOM
YMCIIEHHOM MNPOrHO3e NoroAbl, onNMpasiCb
Ha y>Xe CYLLEeCTBYHOLLME Yy HAC pa3paboTku.

« [lanbHeWnwunn nporpecc oyaer
HEBO3MOXeH 0e3 KapanHanbHbIX
M3MEHEHNN B MOAETN.



MoTunsauusa n TpeboBaHus

HeobxoanMMoCTb CyLLECTBEHHOIO NOBbILLEHUS
rOPM30OHTaNbHOIO N BEPTUKANbHOIO
pa3pelleHns BcrneacTBue:

* HeobxoamMmMocTu ynyylleHnsa BOCNPOn3BeaeHS
rmyObOKOM KOHBEKLMN — ABHOE OnncaHue

* [1porpecca BblY. TEXHUKU



TpeboBaHua K byaylwien moaenwu

Bbicokoe (nopsigka 1 KM) ropn3oHTarnbHoe
pas3peLlleHne o3Ha4YaeT HeEOOXOAMMOCTb
HermgpocrtaTtudecknx ypasHeHun. (Kak
crnegcrteue, NPMMEHEHNE CUrMa-KoopanHaThbl B
4YMCTOM BUAE HENEPCNEKTUBHO)

B rmobansHOM mogenu — perynsapHas LWMPOTHO-
AONroTHaga ceTka HernpuMMeHmnma

BbluncnutenbHaga adodPeKTUBHOCTbL: BpeM4d
NHTErpupoBaHnsa Ha 1 cyTkm Npu 3agaHHOU
TOYHOCTU Ha JaHHOW BbIYUCIIUTESNIBHON CUCTEME

TOYHOCTb = BOCNpOM3BEOEHNE CNEKTpa +
drasoBble N aMNNUTYOHbIE OLLUNOKNK



[Tpobrnembl 3pPEKTUBHON
napannensHon peann3auun -1

Uepes HeckonbKko neT byaeT AOCTUrHyTa
nponsBoaguTenbHoCcTb 1 ak3adononc (101°)

~10°-10° npoLeccopHbIX aep
[Tpoueccopbl OyayLEro — CyLLEeCTBEHHO
MHorosigepHbl (~100-300 agep Ha KpucTtann).

[ocTyn B «4anbHIO0» NaMATb CTAHET OTHOCUTESBHO
OopoXe B OONbLUMHCTBE CIy4aes.

Heobxoanmo cmeHa napagurmMmbl MaclUTabupoBaHUS
(cenyac — kog macLwuTabmpyem, ecriv XopoLlo
napannenutcsa Ha ~ 100 npoueccopax, B byaywem —
Ha ~104-10° npoueccopax)



LLlar ceTkn No ropmnsoHTanu ans pasnuyHbixX 3agad mogernvupoBaHus
aTmocdepbl B 3aBUCUMOCTU OT MPOM3BOANTENBHOCTU BbIYUCITUTENBHON
cuctembl (NWP= yncneHHbIN rnobanbHbIN NPOrHo3 noroabl)
1 KM — paspeLueHne, Heobxoaumoe anga sBHOro onmcaHmnsa rinybokKon KOHBEKLNU

N3 otyeta World Modelling Summit for Climate Prediction, BcemupHaga meteoponornyeckas opraHmnsaumns, 2009

Computing Capability &

Model Grid Size (km)

20-50 yrs/day

Peak Rate: | 10 TFLOPS 100 TFLOPS 1 PFLOPS 10 PFLOPS | 100 PFLOPS
Coros 1,400 12,000 80-100,000 300-800.000 6,000.0007?
(2006) (2008) (2009) (2011) (20xx 7}
0.
statial NVVES 18 - 29 85-14 4.0-6.3 1.8-29 0.85-1.4
5-10 days/hr
Seasonal’:
17 - 28 80-13 3.7-5.9 1.7-28 0.80-1.3
50-100 days/day
1.
Dacacar 57 - 91 27 - 42 12-20 5.7-9.1 2.7-4.2
5-10 yrs/day
Climate ChangeZ: o
120 - 200 57 - 91 27 - 42 12-20 57-9.1

Range: Assumed efficiency of 10-40%
0 - Atmospheric General Circulation Model (AGCM; 100 levels)
1 - Coupled Ocean-Atmosphere-Land Model (CGCM; ~ 2X

AGCM computation with 100-level OGCM)
2 - Earth System Model (with biogeochemical cycles) (ESM; ~

2X CGCM computation)

* Core counts above O(10%) are unprecedented for weather
or climate codes, so the Iast 3 columns reguire getting 3
orders of magnitude in scalable parallelization (scalar
processors assumed; vector processaors would have lower

processor counts)

Thanks to Jim Abeles (IBM)




[Tpobrnembl 3pPEKTUBHON
napannensHon peanu3auun -2

« Peanusauna tonbko nog MPI — HeadbdpeKkTnBHA:
B npenenie Ha ogHy TOYKY CeTKM 8 coceaHux,
KOTOpble Ha4o XpaHUTb U NepecbinaTb

« ObmeHbl MPI mexay sapamu Ha obLen namaTu
4yTb MearnieHHee, yem OpenMP (B npeaene)

* Tonbko OpenMP — He NO3BONIAET UCNOSb30BaTh
pacnpeneneHHyo namMmsaTb pasinyHbIX Y3r0B

=>
* ['mbpugHasa texHonornsa MPI+OpenMP nnu 4to-
TO HOBOE



[TocnencTBus ansi BbIbopa CETOK U

anropuTMOB

Heobxoammo no BO3MOXHOCTM 0becneynThb
rfloKanbHOCTb ObpalleHu B NaMATb
(ncnonb3oBaHMe KaLL-nNnamsTn)

MuHnMun3saums rnobanbHbIX KOMMYHUKaL NN

NckrnoyeHmne nonapHbIX PunbTPoB U aHaNOMM4YHbIX
METOO0B KakK HeAoNyCTUMBbIX Ons
MacLITabnpyemocTu

YucneHHble meToabl, AenatoLine donbLue
BbIYMCIIEHUIA NPU 3aJaHHOM KONM4YecTBe
obpalleHun K namaTy NnpueeTcTBytoTCA! (MEeToAb!
BbICOKOIO Mopsiaka, Hanp., nonynarpaHXxes — Npu
HEKOTOpPbIX OrpaHN4YeHnsX)



Bbibop ceTkn

* Tpa,EI,VILI,I/IOHHbIe LUHNPOTHO-AO0JITOTHbIE CETKN UMEIOT
cryweHmne mepmnamnaHoB Yy NMoJiloCcoB.

(kapTuHKK 13 npeseHtaumm W.Skamarock, NCAR)

lat-long grid icosahedral gnd  1cosahedral gnid cubed sphere Yin-Yang gnid
(triangles) (hexagons)



VIkocasapanbHasa ceTka
(TpeyrornbHUKn)

icosahedral gnd cubed sphere Yin-Yang grnid
(triangles) (hexagons)
e Advantages:
P i ey g gy oy AT, . . .
P i A relatively uniform resolution,
4/: s | A< ' - % AN
V.o RO easy to refine locally and globally.
fis ' A
’( fl 1 r & “1 a
% i T Disadvantages: non-conformal,
\\ P! (e wregular grid, high order
o S discretization is difficult.
R AR :
) R Complex coding and data
S5 structures may be needed.

o - - - - N
~——aa

(OLAM. Walko and Avissar. 2008)



VIkocasapanbHasa ceTka
(rekcaroHsbl)

lat-long grid 1icosahedral grid icosahedral gnd cubed sphere Yin-Yang gnd
(triangles) (hexagons)

Advantages: relatively uniform resolution.
global refinement possible.

Disadvantages: non-conformal.
high order discretization
not easy to implement.
difficult to locally refine.

12 special cells (pentagons).




Kybuueckasi cdepa

lat-long gnid icosahedral grid icosahedral gnd cubed sphere Yin-Yang gnd

(triangles) (hexagons)

Advantages: relatively uniform resolution,
local refinement 1s possible.

Disadvantages: possibly non-conformal.
8 special points (the comers).
plane boundanes need special
treatment.

Two nonhydrostatic implementations.
Do we see the corners and plane boundaries?

Figure 1.4: InSlanianeous piol of Ine 1emerature feld at
500mb obtained LBing the stmosphanic isomorph of MITgom



CeTka VNHb-AHb

lat-long grid icosahedral grid icosahedral gnd cubed sphere Yin-Yang gnd
(triangles) (hexagons)

Yin-Yang grid

[ Y3 dirag. the Book of Changss)

The unvarse (both space and tima) can ba divdes into Yin and Yang,
Which is composed with metad(® ), water{K), sood{R), he(X) and
ol £ ). For example, the moon is due to Yin, and the sun belong %o

Yang. Tha encrgy of the atmosphere comes from he sun. Linear integration (le

piecewise-constant fluxes) 1s
stable. conservative, but
inaccurate.

Yang (N) system Yin (E) system

Higher-order flux integration can
be designed to be conservative

, and accurate, but have not
Poraded try O ragesana ESC, e & e deveieper oF Tae YinYang g% pfo‘.'en Stable_

(From Peng et al. EGU 2004)



JBonoumus p,, AeHb 9 (TecT A6MOHOBCKMN)
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PegyunpoBaHHaaA LUMPOTHO-AONTOTHAA
ceTKa

» JlaBHO Mcnonb3yeTcd B

CMEKTP. MOAENSX, KOTOPbIE
He nMerT byayLlero
* B KOHEeYHbIX
pasHocTax/obbemax/... -
BO3MOXXHa Mpu

crneunanbHOU
doopMynnMpoBKe Mmoaenu
(Hanp., nonynarpaHXxesa
aaBekuuna, dypbe no
gonrorte



Bbibop ceTku

Bce ceTkn nMmeroT NnoTeHumarbHble
HeJOCTaTKU:

onIMOyI'OJ'IbeIe CETKN:. CneunaljibHblE
TOYKN, rpaHuLubl, N30TPOTNA

[pyrne ceTtkn: TOYHOCTb U
9PPEKTUBHOCTb NPOrpaMmmMmmnpoBaHmns?

[Toka HET OKOH4YaTEeNbLHOro peLleHnsd



Bbibop npocTpaHCTBEHHOM
ONCKpEeTn3aumnmn

(~ 30 cTtaTteun 3a nocnegHue 10 ner)
CnekTpanbHbI METO HE pacCMaTPUBAETCH.
PaccmaTpuBanuce:

 KOHEYHO-00BbEMHbBIV MeTo

» CnekTpanbHble anemeHTbl (MKO ¢ bas.
doyHKLUMAMU BbICOKOIO nopsiaka) — Hanp.,
pa3pbIBHbIV ["anepkuH

* [lonynarpaHxeB meToAa
* KOHeYHble pa3HOCTH



MeTton cnekTpanbHbIX 9NEMEHTOB Ha
kyobunyeckoun cipepe B CAM (NCAR)
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o
y
#
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From J.Klemp presentation at PDEs2010

Model for Prediction Across Scales: MPAS

Modeling system for unstructured icosahedral
(hexagonal) meshes using selective grid refinement

Jointly developed, primarily by NCAR and LANL, for
weather,regional climate, and climate applications

MPAS infrastructure - NCAR, LANL, others.
MPAS - Atmosphere (NCAR)

MPAS - Ocean (LANL)

MPAS - Ice, etc.

Bill Skamarock NCAR

Joe Klemp NCAR

Michael Duda NCAR

Sang-Hun Park NCAR

Laura Fowler NCAR

Todd Ringler Los Alamos National Lab
John Thubum Exeter University

Max Gunzburger Florida State University

Lili Ju University of South Carolina




From J.Klemp presentation at PDEs2010

Conforming, Variable-Resolution Voronoi Meshes

A conformal mesh is a mesh with no hanging nodes.
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Conjecture: Smooth refinement on conformal
meshes should mitigate many refinement problems.

Why a C-grid staggering?
* Provides good accuracy for the fast (gravity-wave) modes
* Avoids the parasitic mode inherent in an A gnd

* Proper reconstruction of Coriolis term ensures stationary
geostrophic modes




MacwTtabnpyemMmocTb nnu
9PPEKTUBHOCTL? (1)

MacwTtabupyemoctb Ha 100000 saapax Ha COBPEMEHHbIX
apxXuTekTypax, nogpasyMmeBaeT sIBHYIO IMOO ABHO-HESIBHYIO
cxemy, 6e3 nonynarpaHxeson agBekumnn. => O4eHb MarsibIn
Lar rno BPEMEHMN.

Ul n mogenupoBaHmne Knumarta orpaHuymMBaeT Liar rno
BPEMEHM annpokcumMmaumen no BpeMeHn Tex nNpoLeccos,
KOTOpPbIe Mbl XOTUM pa3peLUunTb.

HekoTopble pa3paboTkm MmacCuBHO-MapannesrbHbIX
NpOrpaMmmMHbIX KOMMSIEKCOB MOAENM NPOrHo3a noroabl (Kak
MUHUMYM, YaCTUYHO) (PMHAHCUPYOTCA NPOMN3BOAUTENAMMU
CynepKOMMNbIOTEPOB.

C Opyroun CTOpPOHI, cnekTparbHaga rnosyHesBHas
nonynarpanxesa mogenb ELICIITT macwtabupyeTtca kak
MuHumym Ha 5000 agpax.



MacwTtabnpyemMmocTb nnu
9PPEKTUBHOCTL? (2)

[TonyHesiBHble anropuTMbl MHTETPUPOBAHUS MO
BPEMEHMW.

[1porpecc B apxmnTeKkType KOMMbTEPOB, BEPOSTHO,
npuBedeT K nosierieHntio O(100) saep Ha obuien namMaTw.
3BECTHO, YTO MOJTYHESABHLIN CONIBEP MacluTabupyeTtcsd
Ha O(1000) (MPI) npoueccopax.

MHorvne suxpepaspewiarowme mogenu (LES),
C)KMMaEMBbIE U HECXKMMAEMbIE, BKINOYaOT HEABHbIN
TPEXMEPHbIN COSNBEP U HE XanyrTcsA Ha MNIIOXYH0
MacLTabnpyemocTb.

BeposTHO, nonyHesiBHbie conBepbl OyayT
COPEBHOBATLCSH C rOPU3OHTaNbHO SABHbIMU —
BEPTUKAITbHO HEABHBIMU METO4aMM.



MacwtabnpyemocTb nnm

3P PEKTUBHOCTL? (3)
[MonynarpaHXXeBa agBeKLUUA

(I103BOJ1$IeT NMCcnoJib3oBaThb War no BpemMmeHn B HECKOJ1IbKO pa3

OonbLe, 4YeM 3nNepoBbl CXeMbl):

[MonynarpaHxeBa agBekuus macwtabupyetca Ha O(1000)
(MPI) agpax.

HeaddekTnBHaA Ha nkocasgparnbHbIX ceTKax.

Boinrpbiw 6narogapst nonynarpaHXXeson agBekUmMn MeHbLLE
npu paspelwieHnn nopsgka 100 m, HO BCe Xe eCTb.

YcnewHo ncnonb3yeTcya B kKaHaOckou onepaTtuBHOM
me3omaclwitTabHon mogenu MC2 (onep. Bepcusi ¢
pa3peLieHmnem okomno 2 KM; Bo Bpema Onumn. Urp B BaHkyBepe
paboTana akcnepum. Bepcus ¢ paspewieHnem B 1 km!) .

[TonynarpaHxeBa agBeKkUusa, coxpaHsaLaa maccy, B 1,5 pas
OopoXxe, HO MmacluTabupyeTcs.

BeposTHO cepbe3Hoe COpeBHOBaHME MPU CYyOKNITOMETPOBbIX
pa3peLUeHnsaX C 3NNepPoBO aaBEKLNEN.



[Tpobnembl pa3paboTkm napameTpulaumnn
Ona Mogenu ¢ paspelleHnem nopsaka 1
KM (J. Onvlee, WWRP/WG-MWFR, gpoknag Ha WGNE 2010)

* [nybokasa koHBekunsa: 500m — Skm — ananasoH
YaCTUYHOro paspeLleHnsa KOHBEKLUUN. Hn
NOJSIHOE OTKIOYEHNE NapaMeTpm3anmnm
KOHBEKLUMWN, HWN MOSTHOE BKIMOYEHNE He
paboTalT JOCTAaTOYHO XOPOLLO

« «Cepas 30Ha» ana napameTpusaymm
NorpaHcos: CTaHOBUTCS HEOOXOAMMbIM
TpexXmMepHoe onmcaHmne TypoyneHTHOCTH.



' What happens at intermediate scales ?

Use Meso-NH in LES mode to see what happens at NWP-scale

LES ~ 1D
>E - E >E

SUBGRID SUBGRID Resolved

0

E

Resolved

1(-) m 10b m 250 m 500 m 1km 2 km 10km 20 km



' Calculation of the resolved and subgrid TKE

Horizontal cross section in the middle of the boundary layer
62.5m 8000m

G2.5m 12%m 20500m S0 10000 m 20000k 100 H000m

Averaging over larger boxes of original 62.5m results in Meso-NH



, Partial Similarity functions

TKE {part)
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: TKE in the mixed layer
» The data follow the

same function.

For the fine meshes
(near the LES), the
subgrid part is smaller
than the resolved one.

When the mesh
becomes coarser, the
subgrid part grows up.
For coarser meshes, the
parameter becomes
entirely subgrid as the
resolved part is null.



Heo0XoANMOCTb TPEeXMEPHbIX
napamMmeTpusaunmn npoLeccoB
NnoaceTo4YHOro macLutaba?

YKa3aHua Ha HeobXxoaAMMOCTb
TpexmMepHoOU napameTpusaunm
TYpOYNEHTHOCTN:

-  OKCNepuMeHTbl C NPOTOTUNaMU
TpexmMepHoOU napameTpusaunm
TypbyneHTHOoCTU (Piotrowski,
JCP,2009)

- bonblwaga 4yBCTBUTENbHOCTb
BOCMPOn3BEOEHNA KOHBEKLNMN K
HacTponkam ropn3oHTanbHOU
andodysum B Mogensx

Surfoce roinrate (mm/h)

4

o

[ — Tk UM

—— 200m CRM |
— Zkm UM || II
|

Vi
REFERENCE | s

2 4
lime {UTC)

GCSS deep convection
working group case 4.

* Increasing delay of rain
onset with decreasing
resolution

3D turbulence reduces
overshoot and difference
in time of onset
precipitation



[IlpuMmeHseMble cTpaTernn B
«CEPOU 30HE» AJ1A KOHBEKL MU

* [loBbiCUTb pa3pelleHne 0O MOMEHTAa,
Koraa BCA KOHBEKUMSA pa3peLllaeTcs ABHO

* [1pOCTO BbIKNMIOYNTL NApamMeTpusaumio
KOHBEKUMU (Tak genatT O0NbLUNHCTBO)

« COoBMECTHas napamMmeTpusaums
TYPOYNEHTHOCTU U KOHBEKLINU



OnbITbl ME3OMACLUTAbHOro
MOOENNPOBaHNS KOHBEKLIUW
CYLLUECTBYHOLLMMN MOOENSAMMW

(J. Onvlee, WWRP/WG-MWFR, goknag Ha WGNE 2010)
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* Observed coherent precip
structures not reproducible



ALARO/AROME exp at 2, 1 and 0.5km
with/without deep convection parametrization
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« Without convection parametrization:
Strong upward motions, high clouds, overestimate of precip peak



Visuelt NOAA-billede fra dmi.dk

Vejret, 122, februar 2010 « side 37

BrninaHne tpexmepHou
CTPYKTYpbl 0OJ1akoB Ha
pagnaumMoHHbIN BarnaHc:

HeobXoaANMOCTb
TPEXMEPHOIro
npencTaBlieHns paguaymnm

'classical’ vertical air column Position

for model physics computations of the sun

Planned new configuration:

Each time step a tilted air column is
determined in the direction of the sun
for computations of solar radiation

model grid



[TpobnemMbl B yCBOEHUN AAHHbIX
NPW BbICOKOM pa3peLleHnm

* HerayccoBoCTb/HECUMMETPUYHOCTb
OLLUNOOK

* YCBOEHME pagapHbIX AaHHbIX
(obna4vyHoCTb)

* Bbicokaa ctommocTb nogaepxku 4D-Var
Npun N3MEHEHUN Mmoaenn — aHcambrsieBble
dounnbTpbl KanvaHa?



[ nobanbHasa nonynarpaHXxesa
Moaenb atmocaepsl [J1AB

[TonynarpaHxeB guHamMn4yeckuin 6110k cobCTBEHHOM
pa3paboTKu: HECMELLIEHHas! CETKa NO ropu3oHTanu, pasHocTu 4-
ro nopsiaka rno ropn3oHTarnm; nonyHesiBHaa cxema no BPpeEMEHMU

[TapameTtpusaumm ALADIN/LACE (Bkntovass MUKPOMOU3NKY)
- CobcTBEHHAs napameTpusaums 6onoT

- BegyTtcs paboTbl N0 BKKOYEHUIO «MOJTYCBOEN»
napameTpusaunm npuxogdlien pagmaumm

Pa3peweHune onep. sepcum 0,9x0,72 rpaayca, 28 yposHen. C
02 mapta 2010 nget Ha ceTb.

JKkcnepumMmeHTanbHasa Bepcus ¢ paspewieHnem 0,22x0,18
rpagyca, 50 yposHeu (60 k 2013 1)

[TporHo3bl exxegHeBHO (4519 HEKOTOPbLIX PErMoHOB 2 pa3a B
CYTKW) Ha
http://meteoinfo.ru/plav-forc-rus



Impact of initial conditions for SL-AV model

RMSE H300. Northern extratropics. 12 UTC. Skill score S1 for H500. Northern extratropics. 12 UTC. March-

March-September 2009. September 2009
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RMSE T850. Northern extratropics. 12 UTC.
March-September 2009.
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[lapannenbHoOe ycKkopeHue

nonynarpaHXxeson Mogenn atMmocdepbl
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BbiBOAbI

Peanunsaunsa rnobansHon moaenun atMmocepsbl C
pa3peLllieHne nopsiaka 1 kKm TpedyeTt obLLUMPHbIX
nccneaoBaHUN:

Brok anHamukun: BbIOOP anropuTMOB U NX
peanusaumsa Ansa HeCyLeCTBYHOLMX MokKa
KOMMbIOTEPHbIX apPXUTEKTYP

[TapameTpusaunmn: TpexmepHaa napamMmeTpmsauns
norpaHcnos, (KkBasm)tpexmepHas
napameTpusauuns pagmaumm, UHTeEpPMENC C
6nokomMm AMHaAMUKK. QP deKTUBHaAA peannsauus
0151 HECYLLECTBYIOLLMX MOKa KOMIMbIOTEPHbIX
apXUTEKTYP.

Ecnu He npucTynnTb B brinxkaniiee BpeMs K
PELLEHMNIO 3TNX Npobnem (B koonepawuum), MOXHO
CUMbHO OTCTaThb



Cnacmbo 3a BHumMaHue!



