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Outlines

Global Cloud Resolving Model

NICAM (Nonhydrostatic ICosahedral Atmospheric Model)
Icosahedral grid & Nonhydrostatic model & Explicit cloud physics
« Development since 2000: number of test cases
* Problems of Current GCMs: Ax~ 20km at best & hydrostatic, cloud parameterization
e Horizontal resolution: up to dx=3.5km

B Global cloud resolving simulations with NICAM
B 3.5km-mesh Aqua Planet Experiment
B GCM expemeriments with realistic land/sea disribution

e Short-term simulation for Apr. 2004: preliminary results with 14km-
mesh 10days run

» Perpetual July, 60days run with 14km-mesh
B Computer performance on the Earth Simulator
B Toward 10PF era 15-‘
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BSynoptic scale disturbances
~200km: GCM

MDeep convection <5km: GCRM
ES
BShallow clouds <500m: GLEM
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3.5km-mesh Aqua Planet Experiment
with NICAM
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lcosahedral grids

Original Icosahedron

Glevel-0

Glevel-9: Ax=14km
Glevel-10: Ax=7km
Glevel-11: Ax=3.5km

Glevel-1 Glevel-3 Glevel-5
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Model description

B Dynamics

Governing equations

Fully compressible non-hydrostatic system
(with acoustic waves)

Spatial discretization
Horizontal grid configuration
Vertical grid configuration
Topography

Finite Volume Method
lcosahedral grid

Lorenz grid
Terrain-following coordinate

Conservation

Total mass, total energy

Temporal scheme

Slow mode
Fast mode

explicit scheme RK2
Horizontal Explicit Vertical Implicit scheme

B Physics: Same as CCSR/NIE

S/IFRCGC AGCM except for explicit cloud physics

Turbulence, surface flux

Mellor & Yamada 2 with moist closure (Smith 1990)
/Louis(1979), Uno et al.(1995)

Radiation

MSTRNX (Sekiguchi and Nakajima, 2005)

Cloud physics

Kessler; Grabowsky(1998,1999); Lin et al.(1983);

Shallow clouds

Cumulus parameterization

Land process

Bucket;
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Spin-up time NICAM Analyzed term

0 day 60 day 90 day

14km grid
model 1

Interpolation

7km grid Y 30days
model

Interpolation

Initial condition 3year average of T42 result with
CCSR/NIES/FRCGC AGCM ver 5.7
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precipitation: center=—Y0
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May 1995, Observed

May 1998
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dx=3.5km
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Tvard propagatlon of Super cloud cluster
GMS IMAGE 1980 Nakazawa (198¢
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Preliminary results of
a global cloud-resolving simulation
with realistic topography

*dx=14km (glevel9) L40 wihout parameterization
*(dx=7, 3.5km, on going)

*Apr. 2004, short-term (H.Miura)

*Perpetual July experiment, statistics (S.lga)
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Preliminary results of
a global cloud-resolving simulation
with realistic topography

*dx=14km (glevel9) L40 wihout parameterization
*(dx=7, 3.5km, on going)

*Apr. 2004, short-term (H.Miura)

*Perpetual July experiment, statistics (S.lga)
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July mean precipitation

30 day mean precipitation GPCP July1979-2005
(NICAM)
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Leng wave at tep of atmosphere
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- 14kmi vs 7km
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Computer performance
on the Earth Simulator
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Parallelization & Scalability

glevel-8: dx~30km,

L100
1node=8CPU
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performance of the Aqua Planet Experiment

Satoh et al.(2005, J. Earth Simulator)
Table 2 Computational performance of the aqua planet experiments with NICAM.

NICAM glevel 9 glevel 10 glevel 11
AX 14 km 7 km 35km
At [sec] 30 30 15
nodes 80 320 320
1 day tume [hr] 0.64 0.81 5.28
GFLOPS 1911.8 7607.6 77015
sustamed performance[%s] 373 37.1 37.6

5h for 1day exp. using half of ES
3.5km-10days exp. requires 1% of lyear ES resource
1TB for 3.5km-10days exp., 90min interval

i,
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hbtiter performance on ES & Toward 10PF era

B Earth Simulator
B 3.5km mesh global model

ES (320 6h
B 10PF machine: 250 times of ES
C : 400m-
ES  8x8x4 =256
- 3.5km- 100
] (30bins) &
3
|
|
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m 1

[ |
| ES

B demonstration run, product run (IPCC run)

[ |

Ensemble run: cf. 1000

[ |

| demonstration run

B ES

[ | ES class
B Vector vs scalar

[ |

B massive scalar

B Vector-scalar hybrid
|

[ | hybrid
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Sumimary.

H A global cloud resolving model (GCRM)

B Nonhydrostatic system & Icosahedral grid: NICAM
B avoid ambiguity of cumulus parameterizations

B Use of the Earth Simulator

B An aqua-planet-experiment dx=3.5km and 54 layers
B Hierarchical structure of cloud convection
B Moist Kelvin wave structure with realistic phase speed
B Stronger rain, higher cloud top, larger clusters

B GCRMruns on the realistic land-ocean distribution
B Short term exp.(Apr.2004) with dx=14km
B Perpetual July with dx=14km
B dx=7, 3.5km, on-going

B Toward 10PF era

B High-res., longer, more physics, ensemble
B GCRM becomes a standard tool
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