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Summary of NICAM current status

Ref. Satoh et al. 2014 PEPS in press, / Satoh et al. 2008 J. Comput. Phys.
Tomita & Satoh 2004 Fluid Dyn. Res. /Tomita et al. 2011, ECMWF workshop proceeding

B Dynamics
Governing equations

Spatial discretization
Horizontal grid configuration

Vertical grid configuration
Topography
Conservation

Temporal scheme

M Physics
Turbulence/shallow clouds
Surface flux

Radiation

Cloud microphysics

Cloud parameterization

Surface process

TNCLIMATE

Fully compressible non-hydrostatic system

Finite Volume Method

Icosahedral grid with spring dynamics smoothing
(Tomita et al. 2001/2002)

Lorenz grid

Terrain-following coordinate

Total mass, total energy (Satoh 2002, 2003)

Slow mode — explicit scheme (RK2, RK3)
Fast mode — Horizontal Explicit Vertical Implicit scheme

MYNN 2.0,2.5(Nakanishi and Niino 2004) modified by Noda(2009)
Louis (1979), Uno et al. (1995)
MSTRNX (Sekiguchi and Nakajima, 2005)

NSW6 (Tomita 2008) --- 6 caegories of water ( 1moment-bulk)
NDW6(Seiki et al.2013) --- 6 caegories of water ( 2moment-bulk)

NONE
MATSIRO(Takata et al.)
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A snapshot of sub-km AGCM (NICAM)

Horizontal: A0.87 km: vertical
100levels: integ
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Real Case Simulation: 25 - 26, Aug., 2012
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Efficiency of NICAM on K Computer

Performance efficiency
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AGCM milestone from GCRM to GLES?!(roughly estimate)
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We are here
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(K computer)
800m/L100 36800P  10PFLOPS 10%  10Ff¥f 12.5H
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400m/L1 5000P 1EFLOPS 10% 509 24 B ]
200m/L100 23 Exa scale era
Tentative goal?
100m/L100 18880E
50m/L200 3027 100EFLOPS 10% 509 2485 ]
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SCALE project

 We have started the preparation towards the Global
Large Eddy Simulation

. _Co-design with computer science people
in RIKE/AICS http://scale.aics.riken.jp/

¢/ Team SCALE

NS B : |
Comp_utatlo Software Programmin
nal Climate g

: Research :
Science Environmen
Research t Research

Jeam Team

Programing
Framework
Research

Usability
Research
Team

TL : H.Tomita : ) TL : M.Sato TL : T.Maeda

™
(v Library, and Research for weather/climate research
QCFHMAZ'é With computer science people (SCALE library)
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S.Nishizawa(RIKEN/AICS): Preparation for submission

Scotti et al. (1993) formulation

= —2[e(A), (a1,a) 12 [25,8,] 2 5.
Y “““

Filter length
effect

/Filter length problem:

10mAR1
 (Ax*Ay+*Az)"1/3: Usually used. 20m 10mAR?
* This depends on the numerical scheme om SomARE
. . 50m 5mAR10 10mAR5
e In Scale-LES, 4t" order advection scheme with 4th - .
order hyper diffusion to remove 2grid-component. P
=> ZX(AX'Ay'AZ) A1/3 150m 30mARS
z=500 z=500
10(,% LA | T T T ! L | T ! T 3 E ! ! ! T L | T ! ! T LI | T T ! E
Black : dz=10m resolution AR1
10-1E Even in AR1, energy piling becomes reduced!
- T
{/ 1 L
1oz 1 E
|
F '/;
In the Case Of bule : dz=10m resolution AR10 In the case Of
Aeq= (AX Ay AZ) A1/3 If Aspect ration is large, enegy piling is terrible. Aeq= Z(AX *Ay- Az) /\1/3
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S.Nishizawa(RIKEN/AICS): Preparation for submission

Scotti et al. (1993) formulation

Tij= 2[csﬁeq ‘.]2 [?'Smrﬂs’mn]lfzs

-

Aspect ratio problem:

e Usually, no consideration : f =1 (left figure)

* |If fis appropriately set according to grid aspect ratio,
spectrum is drastically improved. ( right figure )

Aspect ratio

effect
ij-
-
10mAR1
20m 10mAR2
30m 30mAR1
50m 5mAR10 10mAR5
60m 30mAR2
100m 5mAR20 10mAR10

150m

30mAR5

z=500

100 ¢

10-4 L

In the case of bule : dz=10m resolution AR10

Aeq= (AX " Ay " AZ) A1/3 If Aspect ration is large, enegy piling is terrible.

and fla1 a?2) =1 11

z=500

| annronriatelv

In the case of
Aeqg= 2(Ax*Ay+=Az)"1/3
and f(al,a2) setting
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* Very high resolution run for DYCOMS Il RFO1

— LES with 5m cubic grid and 2" moment microphysical
scheme.

Y.Sato (RIKEN/AICS)
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Very wide domain, meso-scale LES run

* 5m v-grid & 50m h-grid
with 30km X 700km?

. decreasing 7 e
g l\Ynum ber
ger . &
-
Rt o : // AN
247, 768 K a7 o
[km] km] &

Y.Sato (RIKEN/AICS)
Preparation for sumition

Rayleigh dumping
to initial value

e The transition between open & close cells, and POCS.

* aerosol interaction & surface flux strength : key issue?

P

"' .

O 3

5 )

BN
9

Wide domain size

Resolution 50m in
direction

Eviromnet wind:(u,v) = (5,0) [m/s]
ration time: 12hours

Aerosol

:784 [km] x 28.8 [km] x 1.7 [km] (x, v, 2)

the horizontal direction, 5m in the vertical

ricti y=0.2 5 m/s

at(93 W/m? — 00 W/m? linearly varied
from I ft o right )
Sensible heat (16 W/m2 — 40 W/m? linearly varied
from left to nght)

subusidence (1.33e—6): Cor onding to
PPPPP Ffshore
Radiation: sal the DYCOMS-II

ied from 250 [/ ] 1 [/cc] with logarithm
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