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Artist’s Representation of the Earth Simulator

Earth Simulator System




Performance of the Earth Simulator

* Linpack Benchmark Test
World Rank, No.1
— Sustained performance : 35.86 Tflops
— Sustained efficiency : 87.5%
* Interconnected network: Single-Stage Crossbar Network

#Processors i g 5,120
Processor nodes 640
Processors per node 8
5 ok 1 cabinet (Znodes included)
Peak P{:‘:ff ormance 40 Tflops
Per node 64 Gilops
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Activity

a. High-resolution Coupled model and Global
Warming Experiment

(CCSR/UT-NIES-FRSGC)
b. 20km-mesh Atmospheric GCM
(Meteor. Res. Inst/IMA)
c. Next-generation Atmosphere & Ocean Models
(FRSGC)
d. Integrated Earth-System Model
(FRSGC-CCSR/UT-NIES---)



High-resol ution Coupled model and
Global Warming Experiment
(CCSR/UT-NIES-FRSGC)



The CCSR/NIES/FRSGC Coupled Ocean-- ,
Atmosphere GCM on the Earth Si mulator

>
>
>
>

MIROC 3.2

with Interactive Aerosol modules
Ocean & Ice: Grid 1/4 x1/6 48 levels
_and: 1/2xU2 MATSIRO SVATS mode
River: 1/2°x1/2° TRIP river routing model

Par allelized with M PI on 80PE for atmos. and
608PE for ocean (13% of whole ES)




The Ocean component Is too coarse
to resolve eddies in the high-latitudes

Rossby’s deformation radius for the first baroclinic mode
Model grid size (based on WOA)

1/4°(zonally)
1/6°(meridionally)

at 60°
dx=15.4km
dy=20 km
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Extreme events? (daily precipitation)

Frequency of daily precipitation > 50mm/day
AGCM Obs
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Hawallan Lee
Counter Current
(Xie et al., 2001)
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Time variation of the vertically
Integrated aerosol density
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Time variation of the global mean
temperature at 2m
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b. 20km-mesh Atmospheric GCM
(Meteor. Res. Inst/IMA)



|mpact on typhoon simulation
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Simulation of the present day climate
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Regional climate smulated by the 20 km
mesh model (January precipitation)

Model (TL959L60) Observation
(1991-2000 )




Tropical cyclones
simulated by the model

Frequency of tropical cyclones
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Kyosal Project 2

Development of an
“Integrated Earth System Model”
for projection of
global environmental change



Kyousa 2 Project:
| ncor poration of biogeochemical processesinto
aGCM

Pl: T. Matsuno

M. Aita, A. Abe-Ouchi***, A. Ito, S. Emori, T. Oikawa**, R. Ogaito, M. Kawamiya
M. Kishi* ,N. Kuba, T. Kohyama*, H. Kondo, H. Sato, Ta. Suzuki, Ts. Suzuki,

K. Sudo, T. Segawa, K. Takata, M. Takahashi***, M. Takigawa, K. Tanaka,

Y. Tsushima, Y. Yamanaka*, C. Y oshikawa, S. Watanabe (FRSGC)

M. Kimoto, K. Suzuki, T. Nakgima, H. Hasumi (CCSR/Univ. of Tokyo)

T. Nagashima, T. Nozawa (NIES)

K. Ichii (Nagoya Univ.), T. Takemura (Kushu Univ.)

Double affiliates of FRSGC researchers: *Hokkaido Univ., **Univ. of Tsukuba,
*** CCSR/Univ. of Tokyo



Structure of the Integrated

Earth System Model
Biogeochemical processes ,—"J Physical climate system
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FRSGC integrated Earth System M odel

Physics Core
= Kyousal 1 based

Atmosphere

Climate
(CCSR/NIES AGCMS5.7)

Aerosol
(SPRINTARS)

| Chemistry
. (CHASER)

Climate
(MATSIRO)

Climate
(COCO)

Biogeochemistry Biogeochemistry [ | Biogeography
(NPDZ-type) (Sim-CYCLE) (Veg. dynamics)

Ocean Land




Terrestrial Carbon Cycle model
SIm-CYCLE
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Future climate scenario under SRES-A2 (2090s — 1990s)

CCSR
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Plant Carbon Differences (2090s — 1990s)
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Soll Carbon Differences (2090s — 1990s)

™S
J2L

Alrnw ad AL AL S AT GLUTHLLL Lt Le) Uroenn




1550 [

1500

1450

SMASS (Pg C)

—
L
o
=

1250

1200

1150

Results

1400 |

:—_-Eﬁi—""'ﬁ

——CON A2
- ——CCSRAZ A2
- ——CCCAZ A2
[ HADCM342 A2

o~ T

Sof Organic Matter

370 PgC

.

]

150 PgC

\{

1960 1930

2000

2020
Y ear

2040

2060

2030 2100



FRSGC integrated Earth System M odel
KISSME

Atmosphere
Climate
(CCSR/NIES AGCMS5.7)
Aerosol Chemistry
(SPRINTARS) (CHASER)
Climate Climate
(COCO) (MATSIRO)
Biogeochemistry Biogeochemistry EiDgEﬂgl’Ephy
(NPDZ-type) (Sim-CYCLE) | W(Veg. dynamic
Ocean Land




“DGVMization” of SSmM-CYCLE

DGVM: Dynamical Global Vegetation Model
-> |ncorporation of the effect of biome-shift into SIm-CY CLE

Individual basis model, which explicitly treat
3D forest-structure within 30m x 30m patches

' Individual characteristics

' Foliage  : biomass, crown diameter, crown depth i
Stem  : biomass, height, sapwood & heartwood diameter |
Root  : biomass :

--- Shape of crown and stem are approximated by cylinder




FRSGC integrated Earth System M odel
KISSME

Atmosphere

Climate
(CCSR/NIES AGCMS5.7)

Aerosol Chemistry

(SPRINTARS) (CHASER)

Climate Climate
(COCOQ) (MATSIRO)
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Oceanic Carbon Cycle Model

Biological Model: Oschlies & Garcon (1998)
with the carbonate system
OGCM: COCO3.4 (Hasumi, 2000)

Horizontal Resolution: 1 deg. X 1 deg
54 Vertical Levels

Forcing: Monthly mean climatology
Integration Period: 19 years
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Some Model Results

Surf. Chl.

Air—Gea CO2 Exchange (Model) N oot e
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Air-Sea CO, . B - £,
Exchange - o :



Coupling of the Oceanic and terrestrial

global mean CO2 flux [PgClyr]

CO2 flux at the sea surface [mol C/m"2/yr]
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FRSGC integrated Earth System M odel
KISSME

Atmosphere

Climate
(CCSR/NIES AGCMS5.7)

N .

Aerosol ‘4' Chemistry )
(SPRINTARS) “ (CHASER)
Climate Climate
(COCO) (MATSIRO)
Biogeochemistry Biogeochemistry [ | Biogeography
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Atmospheric chemistry model
(CHASER)

@53 chemical species
(ozone, NOX, €tc.

® Chemical reactionsup to
~20 km altitude

® A simple reaction system
In the stratosphere will be
added.

CIHIADIET




Next-Generation Model Development
at FRSGC

1. Globa Cloud-Resolving Atmosphere Model
(Icosahedral Geodesic Grid)

2. Eddy-Resolving World Ocean Circulation Model
(Equal- Area Cubic Grid)




Why we need cloud-resolving model ?

o Parameterization of convective cloudsis
Impossible for 10~50km grids
(no scale separation)

* Meso-scale convective cloud systems
(cloud clusters) have particular structure
and behave autonomoudly.

-> “|arge-scale control” does not hold
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Development
of the Global Cloud Resolving Model
Using the Icosahedral Grid

Frontier Research System for Global Change



(O) grid division level O (1) griddivision level 1

o Grid generation method

1. Start from the spherical
Icosahedron. (glevel-0)

2. By connecting the mid-points
of the geodesic arcs, four sub-
triangles are generated.
(glevel-1)

3. By iterating this process, a
finer grid structure is obtalned.
(glevel-n)

o #of gridpoints

— 1linterations arerequried to
obtain the 5km grid interval.
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Held & Suarez Dynamical Core EXp.

(a) GME(ni=64) (b) IFS (c) Our mod€
Zonal wind (m/s), GME (ni =64) Zonal wi FS T106

Hatinmde|dig]

« The jetis located at 45[deg] and 250[hPa] in all cases.

 There is no difference of distribution and intensity
between the model results.



Lifecycle experiment of baroclinic wave
Global structure: almost same

* Results after 10 days

— Temperature & velocity
fields at z=180m

Gleve-6 : 120km Glevd-8:30km  Glevel-10 :7.5km




Lifecycle experiment of baroclinic wave

B L ocal structuresof glevel-10(7.5km)




Computational Performance

 How long timein 3.5km/L50

— Target mesurement
L CE 1day ssimulation( dry version : only dynamical core)

measured in ES

Horiz. grid At | #of Elapsetime[h:m:s] | FLOPS | Sustained
[s] Node(CPU) performace
Gl-6 120km 900 5 (40CPU) 00:00:19 90G 28%
GIl-7 60km 450 | 20 (160CPU) 00:00:32 410G 32%
GIl-8 30km 200 | 80 (640CPU) 00:00:68 | 1720G 33%
Gl-9 14km 100 | 80 (640CPU) 00:06:30 | 2260G 44%
Gl-10 7km 50 | 80 (640CPU) 00:46:50 | 2450G 48%
Gl-11 3.5km 25 | 320(2560CPU) 01:34:10 | 9750G 48%

Optimized version : 1.5h - 1.1h




« Default grid : glevel-6 e Stretched grid

— 120km grid intv. —  After the transformation
* Homogenious o Gridinterval :

120km >

-
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Total hydrometeor at z=1.4km (G1998)

2hour 3hour 4hour




Radiation-Convection Equilibrium Test

Configuration

Relative humidity & horizontal wind at z=1km

=] -4 [FT - ] - ] K

X
-

Vertical section at the equator

Initial condition:

* An appropriate temperature
profile

Ratiation:
 No-interaction with cloud

* Newtonian cooling cooling
rate

2K/day in the troposphere

Surface condition :

e Temperature:300K

« Water vapor: saturated

—> tropical evironment
Scheme used:

e Turbulece: MY-lev2

* Micorphysics: G1998

» Surfaceflux : Louiset al.
Grid used:

o 3.5km/ R=100km

- Veay very small earth



Global mean temperature Global mean precipitable water

control
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cqqlzday

o Un’]in=8np_édél|1_'5aé§ I
10 20 30 40 B0 B0 70 80 90 100
time {day)

4] 10 20 30 40 50 60 70 80 90 100
fime {day)

o Global mean temperature
— Control case < Reduced cooling case < Increased flux case
* Globa mean precipitable water

— Control case < Reduced cooling case < Increased flux case
Equillibrium : not yet achieved
L ess precipitable water than the typical value ( 60kg/m”2)
-> Better result, if interacted with radiation process?



Cubic grid OGCM

Sea Surface Hight
(after 500 yr integration)
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Resolution: ~100 km &
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Simplified Physics
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