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The Earth Simulator Center
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The operation of the Earth Simulator started in March, 2002, and 7 years have passed. For these years, the Earth Simulator
has been used by not only researchers of JAMSTEC but also many researchers of the domestic and international institutions, and
many remarkable results have been made. The Earth Simulator Center was established at the same time as the birth of the Earth
Simulator. The researchers of the Earth Simulator Center have also developed new simulation technologies.

The simulation is the only one method by which we can predict the future scientifically. Therefore, it has the important role
in the science as well as the technology which can contribute to the life of the people, and has the important meaning in modeling the

future of the human beings.
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1. G HEREHAISERRE 71 7 5 A
KA -WEYIaL—Ya VIt V—F

1.1 1 L®IC

REHFFEY I 2 L—2 3 Ve IV — T Tld, KA
EFV (AFES), LEREEE TV (OFES), LT, KEImF
KEETIV (CFES) DR ZITV, TNOHLDETVIEEflS
T ER T 572, BT, ThooEs, EEdkE 7o
Yz b OMHIERRN AT .

1.2. AFES

Z ZTl&, AFES (atmospheric general circulation model for
the Earth Simulator, #iEk3 3 = L — & ARG AIEBRE 7))
OBEE, BESEHOYRRLPAFESE VoK I 2 b —
¥ a YIRS O VTR b, AFESHME] ) BV 7o ki
BERRY I 2= 3 YIZonTE, Thiml b
OTHEIE N2\ (Kb, 2004; Ohfuchi et al., 2005; K,
2006, 2007; BIAM, 2006; A - Kk, 2007; Ohfuchi et al.,
2007).

1.2.1. AFESOI %

AFESDN—2 k74 5 72E 7 VIZCCSRINIES AGCM 5.4.02
(Numaguti et al., 1997) T3 575, Fortran 0% JlWT—HHE &
BELTW5A., Z0OB, WIS I 21— OMRERRARICE] X
W3 ki, Nz bfk, /=KW - 7 — FREEFIERL
TaA=F1 Y TENTWA, ZORE, BUitiixiEzFEEiL,
20024F T — F oy NVE Y — 7 MaEE %% E L7z (Shingu et al.,
2002). ACTHHEZEELO kmE THINTHBY, AV AT —LD—
afME L7245k I 2L —Y a VAT ETH .

REKIEBRE T VIR RN 25T 5 1%a T &
FEbrEL iR 2 VAR 200 4 OWBLERED 5 % b, HEFEI T,
% L DREKRBERETFT VA FARE LTWB Hoskins and
Simmons (1975) I2FE6D VT4, sz iie L, Bit
XA T T OMGHED S EHH T ZEulerifiZ VT 5.
ACPEERA I S ERTARAN R R vy, IRRBSIRIE AR S bV
ZERITATH Y, L& 70 B R IE & R R S 2R
FHET B (). RGN A X L 7 B
DIETHREEL, NERAr—IVOERIEHEIEE £ 3 4
7)Yy MECL DHEEERELS LTS, ShEiidL
&, & AVF—EORFEICEN 7z Arakawa and Suarez
(1983) 2 VT 5, WyBLEARIE, MR, REERR,
MaF-aienls, WY, WEE 7 5 v 2 A L gk, mIHK
POV TIRKEHE S 5.

1.2.2. AFESOY R
AFESOTL R, A (20 kmPAT) TOARSEEN) 1 &

FRFRSEE (100 kmPREE) COSMEFBIEN L% BRI T-> T &
fo. MIAIDFa—=v7E0d, LY EFIIBIGE T
AZALTVWDHELNLEAF—L%EAL, EBIGAL T
AEPLMEOUREINZ S L) T E & o7z EIJIHE
kR &ToWEMfR L ¥ a7 o—EBICi B2 fi L 7:
B3, T ZTIEIFa T A OV AR EERIE M O 1 RS OB B
[ZDOWTIRRD, 7z liht, BEEEFEOLA LAKT e
YR ORI DOWTIE, CFESOHITIER2.

il & e LS A 72002, Temperton (1991)12H0 X,
VY% v FVEBORIEZE S LiEm b 1T - 72 (Enomoto
et al., 2008). LT ZEMNTHIED RV EHEZ1T) 72
B, A AREEDFER N Y v ¥ FIVEEEHORHE T2
PR L 72 (Enomoto et al., 2008). 47 AFEE ORI,
Swartztrauber (2002) O EANEIBELZA D T2 { CIWTBEL
100RETH XV IEHETH S L 2l L7z, 72, HEko
WAL TEHE L2V ¥ v~ FVESEIE A v 722830 3k
B 700FE1E THlEkE S % A%Swartztrauber (1993) D% v %
L2559 THHE L THED RWEIRDMTA 5 Z L IR L7z,
251, PL—HORROMER L& HIE LA F—
L HBBIRE LTV A, Peng et al. (2005) I AN X 5
W ZE W0 3 5 75 » D 2 Biii 2 AFESIZEA L,
KREROBROREDN 135 2 L &/7R L72. Enomoto
(2008) 1%, AT M VRARE R 7SRRI A 6D THE
FEANZ EZIRL, £ OEE - JIEETVTHW LT
WBHEERIR & LT, I ARIEOIKT) 2 K& T
X5 LEIRLT

REERIEA F— 21218, MEOHEORHZHL 72X
F—2ITMRT, KRHHEEEIZBA KA, 100 mA T —
VOSHEGE A ¥ X # /L L 7zEmanuel A ¥ — 2 (Emanuel 1991;
Emanuel and Zivkovic-Rothman, 1999; Bony and Emanuel, 2001;
Peng et al., 2004)%E A L7z, Emanuel A ¥ — 4121, 78—+t
VDY —A LN, ERIAEE, B O, ZRHE7
7 v 7 ADKERFEROT Y N KRIBZRCE 25 E Fh s O
T, LD AHZALNFELFHPATE SR HURER LT
WL EZATHAH. INFTTORBETIE, BEKEREKIN
OYEE, ZFEHPIREIO BN ISR C AR R 21D
DIk,

R RS A & — 2 0E, RESD SZREART 58
LREAGBRED S 25, HKTHOIXOLDENOZIIET AT —
WTHRIFIL TV THHET HDT, HTFHAO—EHIIESS
AT HMEEZEE LT\ 5. fEROLe Treut and Li (1991)
LB AF— 21, KEXADADIESD E D E DM
THAIL TS Z LR IGEL T 575, KERIO TEED
PRSI 5 72, F 2T, VARSI & AT
WA A5 B ARGE (Sommeria and Deardroff, 1977; Mellor,
1977) L, Mellor and Yamada (1982)DHELFTEAE & #A L7l
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TR A F— AT S8 72 (FH - B4, 2006; Kuwano-
Yoshida et al., #&fd). GO 7 B —Y v 85 X ¥ 1
Nakanishi and Niino (2004) Ofii% 7z, IREROSESAR
I21&, fEk D Blackadar (1962) (2 & % b DI/ 2 T,
Bougeault and Andé (1986) % V272, ZOYREORE, TIE
TTRIEHINL, XY BENLBENT Y A% FBT 52
LASTE/2(X1-1).

123 AFESHEZ VA RA Y I 2V —Y 3 VIl%
(L)AERA Y A — VPG TR
WERDY I 2 L — & A1) L 7220024 FIZKFR#E 10
km, SRHEEEO6MAFESE VT, AFIZEHITIET B

(a)  ISCCP: ANNUAL MEAN

(¢) T790LD: ANNUAL MEAN

LOW CLOUD FRACTION (%)
- .‘ - O T_ll‘il.]- -

s

W CLOUD FRACTION (%)

ST, KEREEL, AT I 2 L—3Y 3 ¥ %1T- 7 (Ohfuchi
etal, 2004). ZFHIREUE, MEMATRO Y I 21— 3 VT,
FNEIIRKEZD T 4 T A ¥ MROFEEDEETH 5
CEDRBRENS. BEDY I 2L —Y 3 T, KIERO
T CHEN BRI Lz (K1-2). ZOfHEETO
BRI 2 L= g VIR e o7z, IRV I 2
L — % OISR Z GOV, PAHIKRELREEZ 261
7o, EZABLENE, I ST A Y E—-Y a YRRV
TVl ST HLDTH S, KEMHEEL kmTliE, &
TR AR L W) BB AT A Y ) =g v
OPGENLT LHRD 2 bh, YIab—Yarg
RAE B VIANIEREIZ 72 BERTId 2o,

0 50

78

Fig. 1-1. Annual mean distribution of low clouds. (a) Satellite observation, (b) turbulent condensation scheme proposed
in Kuwano-Yoshida et al. (c) Le Treut and Li (1991) condensation scheme.

P11 AR TEERE. (a) BB, (0) Fr7zlSEA L7CELFEERS A % — 2 () RO 1HHBERE 2 F — 4.
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HIEFNFET VORKIHATLC, FHlivs 2 25K
EIFNT AZ )= a VENWTTY, BEEY I 2
L—ya v aERLEZ EIEERSH - EL TV,
HTH B05, FHENTT— % Xy b X0 ST VACE
FERED KRR T — 5 &y M afED I EATE/2T LITHEER
R TH 5. Yoshiokaetal. (2005) &, ¥ I 2 L—3 3 ¥ Okk
REFEL AT L, BRDBEICHELY T &, B
WISERDHLTIZER0 HID L)) BIELE By & O
HAEHIZOWTHIS NI L. ZOF—F v MIEROM
ZELIAMZ B FIH LT b, Watanabe et al. (2005) &, i
ToOREHI)IE L CAFESORDY Z#FIHI L, MENTR OS2,
IR IVF =M DT D W T OBIRENELE R LT\ 5.,
S5, Bl 5 &9 BT RGUT, BT R Bk D
X9 EEBISROWEIS, R THIENTE.

AFESOIT— F Y NVEZHEE [V A7 — VRG]
X, ENZEN 10~20 kmTHEE I N T /2IT ERHERIERIL
BEKFLAawZ s, BENRNT AF )= 3 Y EHwTn
THHEMRLEDY I 2L —2 a VAR TH LI EERL
T2 lnn, A& RIEE TV OERMEELE R L 20T
BRVWALEZSNL. KEUTIE20074:11H 2> & M5
% %20 kmig& - CORBRFIRE FH L7z, KA iFHt >
& —1%, BFEAERS kmi& T2 HWTB Y, BIEPINCL10 km

M- COLERFHZ M LT 5 (Moncrieff et al., 2008).
EREBUANC B3 2 B A (GEO) TRE SN TV D [H4tL
SBEOWEHDORNFH] BV TAFESDY I 2L —Y 3
VRERDBIHEN, EHRPEAIRRG Y I al—Yark L
D7 DFHHBEEROMROEEEIHER SN TS
(Shapiro et al., 2007).

(2) BEEBIRD A ) = X LH15%

FRDAFES % FIW 72 ACHREELD kMDY I 2 L —Y 3
YT, A0 kmDY I 2L —Ya Y SMEIERIER L.
Z 0%, TR SWIMEEZ BT 57077 A2 HEL,
MHOBFHIRFRE T L 72, BHEEE 40 L <, 25k
BULOBIG SR 2 B BIGU B % T s &9 g%
WY Bz, s oliffgis, SEEHSo TR 1% H
M &3 5 ARG AR OWFZEETI THORPEX (81l S A 7 4
WEgE - PRI REEESEER) ~OEIKE &UHIC, I DRt % Fi
L T\22M.A. ShapirotiLOB) 50 F CHElti S /.

AFESIZ L ZBEHS O X /1 = X LWFETIE, KPIERE
13321220 km#% fv>7z. Nakamura et al. (2005) (&, 20034F8H
WRINCIsA: L7zt B Dy I 2 b —Y a Y &7 7.
WHAKIREZ R B DY I 2 L—Y 3 b, BEIZILR
P ECAEL A 70 v F ¥ ZAHRKIRR AL S Sy ks)

Fig. 1-2. Typhoons generated in a 10-km mesh simulation using AFES (Ohfuchi et al., 2004).

B1-2. ACPHHMEEELD kmDAFES % IV 723 3 2 L— 3 3 ¥ CFtE L 72 &)E(Ohfuchi et al., 2004). 9
H15H21 UTCIZ B3 % Bk s3ii(mm hy).  #IiHEEI9 He HO UTC.
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BRENC X D HHIZY 7 b LDl B AT L2 & 21
5722 L7z, Enomoto et al. (2007) |&, 200248 A 1ZHkizik
KEb725 LR TEDY I 2L —Y a3 Y &fFo72 &
OIEITR, JERTGEZR A TS 7 T ¥ I OBHEIEIT D
Tl Y W Vs a1 A DA D A QA A S Y/
{2 L72. Enomoto et al. (2009) i%, 20044E7 A D5 L O
SR D F i R ARG RGHT 1 O HAEHRI AL S T S 5L
DFALIC X Y I L7122 & &R L72(1M1-3).

(3) KAKIEERDTE L & 2B B3 5 Pt 2o i 7E

AFESIE, KEAAMEEROIZHR LTS 5558 01F 03k
AR EICHKkKRT 2EEE LTHHH STV S,
Takahashi et al. (2006) &, KFHZE20kmD Y I 2L — 3
BT, BllENEZRADZANF—AXRT ML, LL
125000~500 kmT? -3FH| & L N /INE % A — L TOEN
AV R =NV LT —=ANOBTRECHHETwL I L%
AL, W R AL ONE & REBRIZ3R D 72, Hamilton et al.
(2008a) |&, AHHEEIOkmETHY I 2 Lb— 3 »&HHF
L, WREHETOA Y 27—V L Y=L TDARZ FVD
HEP LY DRTHLIWESH L, AV AT—V

temperature
40N '

35N

30N
125E 130E

LY=L TDARY PVHEIZZANF =D ¥ A —
R ERET- A — VLT OMERRIC & B 58I L D dud Hh
TWV5bZ LR SAMIC L7z Hamilton et al. (2008b) (%, #%
FEUPEVIRIEDYINS { 72 5 2 & RGO VI THRIFAVINE €
% 2 L EREH M OB S B R E ACHHEIEL kmo
Ialb—YarPLLHHELTnS 2 LR L7z, AFESIE,
TEEORFZ W 5 7= ORI IR 2 2Tt e L7k
B GZER (Yamada et al., 2005) R ERERGKED Y I 2
L—3 3 Y THRH SN T 4 (Hayashi et al., 2008).

AR R TR 22 &, B OV E OFEitis R 2
¥ ¥ IEFNI o 72 HE BETR IR TR YR O TEU R
7o BN HA¥E$ - Twb. Nakamura et al. 2008a (H4)
fii1, 2008 B ) 1%, BUAL S BUEIEERE 1TV, KR
HRRAMREEDM YD 3 (A M —2 + T v 2)NIH 7§ 21
52 L7z, Minobe et al. (2008) 1E, 2 ¥ 3 a{Biticif-72
TEHKIRATRC B DSE L,  & OSREGRITR TR I K
ATVDZ ERRL, BRINEZ LD RREEESRICEL T
WERIEE R (M1-4). 5%, HIBRGET IV & H72hE
7t (f 2. 1¥ Kuwano-Yoshida and Asuma, 2008; Taguchi et al., $%
) & OFTHEI AR S 5.

2004072006 degC

Fig. 1-3. Heat wave in a 20-km mesh simulation reproduced by AFES. 1000-hPa temperature (°C) at 6 UTC on 20 July.

The initial time is 0 UTC 15 July.

P1-3. KCH#EEE20 kmDAFES & IV CTHEBL S M7z IR SR i, 20044F7 J120 H6 UTCIZ431F %1000 hPalfli COXU(C).

PIEZNIX20044E7 H15HO UTC.
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@ 7 ¥ TNFEE R T— 5 FUEORZE

R DTN VL BE DT ANEE 8 R0 Bty DFR TR
HERMUIRET 2 E— FPNEL T 5720, EFUI5EE
WCHARZRTETH, IMHICE TN BEMEL, ¥
Ial—Ya VAR OTEEHL TV, XD XwvwyIa
L—2 a3 y 0702, BEOSWIIIMEZ WS & & HIg,
MAEOR Y EbT 2 LD H S, T, 20065EKAGT,
TR RFERFT, [TOHF TN AN T4 VF
T — 5 FYEFE R O R REVEIC B S A 9E] &5
HiL72. ZOR-ENERD T T, AFESEXRGUTORITT >+
VTV V= v 7 4 )V (Local Ensemble Transform
Kalman Filter, LETKF) % i\ 7z[E{b > A 7 & 2 #§4E L
(Miyoshi and Yamane, 2007), LAEAREEDFHRNT7— 5 & v
MALERA (AFES-LETKF experimental ensemble reanalysis,
AFES-LETKFEER 7 > W > TV 2 E L 72
(Miyoshi et al., 2007a). ZDF—% 1%, BEAEOTRNT & 138
D, DLOORZNIH L THEEORITHE-Z 5 Tnb S
LHHHHT, ZDIE5D &0 LTS 2 TEHA S
N%. FEHTIRA TR I LD A 20 W BERI SR L % P-4
BIEHY THL, WIS U TH A A 23 200 b & F
nTwa ([1-5). 4B, ZOF—FI3HEky I —r+&
UE=hoF I TRENTW A,

2007~20084F 12N L7z [JRFTT ¥ TVERH V=
VT 4 W & W REIRERS A ELICRI S AF%E] T,
RSy F 2 LR WLETKFZBISE L, AT oM
JE R s 5 & FIRECEHIIC K L 72 (Miyoshi et al.
2007b). F7:, HEREEAIZEL v 7 —oifges b LFEZEC
ZML, AFES-LETKFH{LY A7 2 %FH LT, MISMOX
W87 A SEB ORI (B > A 7 A FEBR) & F i L T
5. TIUIHEAT L TITHNZZPALAU 2005 T F 27z

Fig. 1-4. Annual mean climatology of the sea-surface temperuature
(contours drawn every 2°C between 10°C and 20°C) and precipitation
(colour, mm d*). (a) Satellite observation, (b) control experiment with the
observed sea-surface temperature distribution, (c) sensitivity experiment
with a smoothed sea-surface temperature distribution. Reproduced from
Minobe et al. (2008), Nature

BU1-4. ARV BT BRI 0 (SHEHL, 10°CAH520°C % T2°C
i) & ki (o, mm d)OFETFIREAE. (@) BB, ©) Bish
7K A G- 2 72 SIRER, (©) WIRKIROBEL N TN RS
2T L7298 Nature| SH#% X 7172Minobe et al., (2008) & ).

Oy 7 FORERHITE, B0 E AT S &L
Rl & o THRHBIZHABIZ LA Z EAH S ENT
V2% (Moteki et al., 2007).

1.3 OFES

HWERY I 2 L — 71K SN B IEDOF RS ORHN TR
I2& o T, HERMERET IV 2 W LEHEOMmEY I 2
L — a VIFGECI, 4 A o — v O KB BR A & %
100kmAZEE D FFHBLIECHEEE 7 1 & b 2 ERICHIT 5 2
LR o TE T Fo413,20024E0MER Y I 2 L —FFE
BYED S, HEERIESRE 7 VOFES (Ocean General Circulation
Model for the Earth Simulator, Masumoto et al., 2004; Kt
2004; {4 AAth, 2004; Ohfuchi et al., 2005; 541t 2006; Ohfuchi
et al., 2007; Sasaki et al., 2007; 1/£ % A, 2008) 7z H v > CACHi#
TREE0.LEE (FUL0km) DTG, I 2 L—2 g V&5
LCT&7, ChETICERMLIZAE YTy T Ial—
vay, BEEHY I L—Ya VR T PR
70 Y S KBRS, I M B A & T AEH
B TIRACIFER 2 r — VoS X {HB SR, KR
E IS % L BE AT EE 2 i O ZE RN B O 7 —
ZE LT, A RO TE TV A,

ALERA

2005071700 u sprd m/s

no w

1.5
1.2

0.7
0.5
0.3
0.2

120E 140E 160E

Fig. 1-5. Lower-tropospheric winds around a typhoon produced from
AFES-LETKF experimental ensemble reanalysis (ALERA). The
ensemble mean winds (m s, arrows) and ensemble spread of the zonal
wind (m s?) at the 850-hPa surface.

[X1-5. FEERYT >3 > TOVEITALERAD SRR L 723tk Tl
B BEEVELOE,. 200547 A17HO UTCIZ3BU) 4850 hPalfi DT
2 TVAFEO(m st KEH) ERPGRD T 32T - AT Ly
F(ms?).
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1.3.1 OFESO# %

TR RIEBE 7 VOFESI KRERFER SR O HERE AT 1
eI 5Bi% L 72MOM3 (Modular Ocean Model Ver.3,
Pacanowski and Griffies, 1999) % ik I 2 L — & [WI 12365
L& Rl L% i L 72 E 7V Cdh 0 AL % B\ 775
W SACETEE D IELTRMHEME Y I 2 L —Y a Y &L
T&7z KPHREEEIZ0.1E (#910km), $RiHJ51H)136,065m %
54581250, ABOMLVEEE RSB 5 X9 1F 0
BUBOIE S &5m, REEIE330mE L7z, XI5 RS
PHIRAT =% &V, WEREOET), 7SV & e
WML7BT T v 7 A, R ZF PSR 7 7y 2
A%FE LTz, 72720, Wk OB 2 EE T 572012
Fiikis 2 B EGEIIME~ OB Z M L7z, 72, ki,
L, ACERTNIASTRFIRLZ vy, $RE 5 TIEKPPIR &
AF— A (Large etal., 1994) % H\ 7z,

LI (WOA98, Antonov et al. 1998a, 1998b, 1998c; Boyer et
al., 1998a, 1998b,1998c) DIl 3545 & i L 7z IR %
WM& LC, NCEP (National Centers for Environmental
Prediction) KN 7— % (Kalney et al., 1996)? H S
Bz & LT, WA % & O P 2 IS IE R
AT HB SN AB0ERDAE YTy Ty 32— ay
FERLT. FOONEITICBWT, FHEHZ &4 AH
PESRYS % O WP B, e 1 v M SEHENICHE ST
% Z & % ffR (Masumoto et al., 2004), ZDiEFzPIHMEE L

T19504ELARED HEHDONCEP REFHHIT 7 — & 2411 & L
7oALY I 2 L — 3 3 >~ (Sasaki et al., 2008a) % S
BAELZDYIab—Yva Vi3EREPTH S, F72,19994F
DRI & O S CBIgE 2 JRUn D 2 B 7 — & H45 5
N5 L%, JJOFUROF—% £ b DQUIKSCAT)IE
7*—% (Kubota et al., 2002, Kutsuwada, 1998) % Hi\ 7z 355
B 3Ia2L— 3~ (Sasaki et al., 2006) b iEAT LTt LT
Wh, F72, AEYT TV I ab—Y g v ORREENYIE
L LT, 70y (CFC11,CFC12)% b L—H& L CHIARAZZ
1950-1997MD 71 > ¥ I 2 L—3 3 > (Sasai et al., 2004; {3
ftls, 2004; Sasai et al., 2005b) I ZHARERE TN ZHIAATE Y
a2 b—3 3 (Sasai et al., 2005a; Sasai et al., 2006; Sasai et
al., 2007a; 2007b) 72 &b FEfi L T 5.

132 AV Ty ISy Ialb—varv

A¥ YTy Ty Ialb—1 a3y (Masumoto et al., 2004)%
Bl LC, REGEDOAF Y TV ay MERL-6IIRT. ¥
Ia2b—3 3 U, B AR Y aBmICRES NG
FEFE, PSS, AREIROMET R EARENICHR S
TW5. FHCTU RSSO R TN /e ChER L, B
TRSEIIR D 3D DUEHL R BRI L1 D DIRD AT Tl
%L, MAEPOWROET N THY, ZhENEET7T Y b
Lo Twah, iz, WMOFROMLT TIIEAREkmAEEE
OHFHIBLRAEL <AL, 4 ¥ AT T4 @Y 5

Fig. 1-6. Snapshot of simulated surface current speed (m sec™) based on the OFES spin-up simulation.

[X1-6. OFESAK Y 7 v 7Y I ab—v a YOREHHEAF v 7 a3 v b (msec?)
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AV PRV 7R RONS. 72 BoiGEEOfRET
H % I BT 2 F 2 B & i3 2 & oA, RS DR
WIS SN, Ky I 2 Lb— 3 UABIEMICKE 4 22l
FERY & MBI T & 7201, ARG DS L10km & B 537
BBEZATAHZEDEENEEbIhs., F7/20FESOENFY
EARLE, HWE AT CTRARMTANEE TINS5
LTV LHETPRZ SN, ZOHERVERIZ
Maximenko 5 (2005)12& - C, FREHITH Ao TR
THoHIENMRINTEY, YIal—Yarz2Huniz
B = A LWFEDHEA TS & 2 A TH 5D (Richards et al., 2005,
Richards et al., 2008, Maximenko et al, 2008). L L, H#lo
JulE A S O, ACRVEAERBIEOTEABE & s 2
EMICY 7 b EIEBIEM LIS LB SN, SHRoOMNET
H5b.

133 MEHBMEY I 2V —Ta ¥
HEORKTFNT 7 — & 2481 & L 72195045 S BIAE
FCOBEHIFEY I 2L—3 3 V13, BHNEH»S T
AEBUBRASE) F ORI IR 2 7 — L OTEEBIR 20983 5 &
EDSTESL., KV IaL—¥ 3 O ClE, Sk
KFERO TV =—= 28R, 1 FESAR—LE—FH

35N {0

30N

LORAELE), KPECBREDO TERIBAE), 1 >~ M
DOFE, HEKEOT A BENTH S NIFEHNET) 2 &A%
FIICTIL S NS & & A%fERE S 1172 (Sasaki et al., 2008b). 72,
ISR OMBETBHEEY I 2L — Y 3 YO HER DT —
FERMVDE, INETIRETE b o 7IROP AR
MOBMNEBIONIEE1T) S L AHkD X512k o7
IRORNEE7 T > s ORMEB O & LT, i
BEIIR D MR D T AEBIEZEB OB FEIZ OV TR 5.
HMSHAORE R THERT 5 &, WA & OB 2 o 72
FRHIE TR ST \C B AR B R TOA S 5755, 20
BB IR O LD LB S EE R R L 7o T
LR ETERBELEHORNEEZEZLENT VS (eg.
Schneider and Cornuelle, 2006, Qiu et al., 2007). ¥ 5
(Nonaka et al., 2006; ¥frifs, 2006; BFrift, 2008)iZOFES T —
& DFFNTIZ & o T 1980FAARTH-I B S M7 A o — v

Feitt & MIENT BRI O~ & LSRR & RiRROR
TR AR I H R AN R S A, HEERT
TR ATIASH S TS (1-7h) 2 & A EHTH S
CERRL. 2RO FIC L A BRITORT T v 7
ARPRD &, WHKRRAE 2§50 TN 57280, HEEOEH

50N 3

45N
40N 14

35N 4,

e _—i

140E 160E

160W 140W

Fig. 1-7. Wintertime (January-March) mean SST fields over the North Pacific based on (a) the observation (Frontier Research system
Comprehensive Ocean and Atmosphere Data Set) and (b) the OFES simulation. Contours indicate the five winter mean for 1984-88 (every
1°C), and shade indicates the difference of that mean field from another five-winter mean for 1968-72, as indicated to the right of the top panel.

[X11-7. (a) 5 (Frontier Research system Comprehensive Ocean and Atmosphere Data Set) 3 & O (b)OFES Y 3 2. L — ¥ 3 ¥ OIL D
19844E7 5 19884 E DA (LH A H3 H) & 1968474 5 19724 DAZE DIl Kil (St 1 C ) 075 (B3, C).
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TR IR EANE S AT CII 4 R RO ZEE)
ThY, KA ELE 2155 (Tanimoto et al., 2003).

ALTRETVDHIE, FOEEDABI, FERENTHS
729012, T LTSN T W22 /2. Taguchi et al.
(2007) DEOFfFHT % I\ 72T T, BTk OZ5H) % JalL 2 BKE)
EN/T A= TR L7z (X1-8ab) A5, & OFEEE T T ORE
WIIB L D B RED oz, £ T, OFESHZEFHFERD
WS B 2 FTOREE T I D R o — IV & 5335 L 7T 2 110,
TAEEBDORFALNE DK E % A —VOFIML, BIROET
OAC—JECHFANTE, INERAT—VEGME, HION
D 5 VITFIRBRIEOETAENTH D 2 L LI L
72, WO LT ORERFNE, KBBLA 7 — v &I
FeUEE L TBY, Bl Lo THRE S hizu 2 —
PWABEBDR—=ZAA—=H— Lo TSI EHVRIEE N,

1.3.4. i RLBLN RS ) CBRE) & 7zt 2 P B IR
BRBEINC X 2 B4 OQUIKSCAT IS ) 77— & THRE)
L7-OFES;BZHBERTIZ, TORUSH T — & DRI
WOMIEORE, AR RFECIROP IR OB R &
INE TR A — VERSRMGET D720, FNOH AT —IVO/NES R
LUTHT BUHEOIRE D B FFBL S 7z (Sasaki et al., 2006).

(a) OFES large scale

BIZAZ, HF/XTAFHEOWH LD B IRORR RO JEUE
T3 = VARG L 722 R DIR OB FE ARG, N7 A
FhRBOVE ) IZHED % Hawaiian Lee Countercurrent (HLCC) 7z &
HHFEMICHI SN2, HCLLIFESRUC S 5 3 h7nT A
RO T OJRD A — I L o THE S, HLCCAS &
0 ik L 7RIS & 2 B WKL SRR 5 % KA
R HE/ERAR SR TWw b (Xie et al. 2001)7%, HLCCIZ
o 72 KADPRASHEIZHLCC % BRE 3 % BUG [ 2 7z
L 7- (Sasaki and Nonaka, 2006). 55 o fiir L O il
F—F LiHEY I 2L — 3 YORIERICE 5T, ik
S A — VOGRS HUREDINE DR 4 75 2 HEte
T 5T EHTE H(H1-9).

1.3.5 FBITEE XL O F— 7 2B

OFESY I 2L —¥ 3 v — & I3, #e7a s b
MO KHBUAGERY, FREINZEENA O TAEBIZEB ORI IR
ZEH A o — W OILFEBADOWRFIIZES, BT — 5 49 B
BEF—5 L LTEHTH Y, ENIOESE < OWigeE - bf
87 N — 7 L OILFNZE %8 U T & 0T b, BRI
7 A REFEBISTEZe Y 7 — DRI, TV T7TF
T —ZWiget v ¥ — % U COFEST— # it s Th
DEL L DEEDBEONTETCWS, T2, AEYT YTy

(b) Rossby wave

HES

\

150W 120W
4 8

Fig. 1-8. (a) Broad-scale component of the post (1984-1996) minus pre-shift (1968-1980) difference in OFES SSH (color shade in cm).
Unfiltered OFES SSH averaged for both periods is superposed with black contours (at intervals of 10 cm). (b) Same as

(@) but for SSH anomalies from the Rossby wave model (shade). (c) Same as (a) but

(b) for frontal-scale SSH (shade). Black contours designate differences in the unfiltered OFES SSH between the two periods with contour

intervals of 5 cm.

[X[1-8. 19844F-7> 519964 -4 & 196842 5 19804FE- D PH DI F FED7(f,cm) & Wi O I fE(EFHE# cm).  (2)OFESOTEL A
I — VHSK & B3, (0) O A ¥ —IE 7V, (C)OFESDRIAL A 7 — VAV S RS 7272 L (0) D&M ZOFES DU E LS

T A4V Y =% S il O 2(cm).
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2= avoF—Fi3HEks I L -k y—nbHt

FA TR TS,

[X1-8 : 198442 5 19964F- D44 & 196847 5 19804 DF-
WORMEE O (fu,cm) & IR OF4ME (S cm).
(QOFESOMAL A r — VHSK E sy, (DT A Y —KET N,
(C)OFESDFFAL A r — W AVINE Ze BB, 72721, (c)
DZEAHHLOFES DRI LIS 7 4 WV & — 7% Jits X 7\ WY ]
D7E(em).

—HPDOFESY I 2L —¥ a YOMEHIIZBVW TV D
HOWFERRE N L72AS, F ORIl ok
S0 & HEBIBAT) & 2 O IERTHTHR~ D2 (Nonaka et al.
2008), HuCR DAL FHEERIE DLW A /1 = X 2 (Qiu et al.,
2008), AtfE24REDOFILALEY (Kawai et al., 2008), #E 5
7 TOEMERETT (Nakamura et al., 2008b), FIHRATEED S
FRBIANERET B - AR A A = X 2 (Nonaka
and Sasaki, 2007), F§A ORI = O -HEHBZH)
(Sasaki et al., 2008c), P ¥ FiffaEEE(Qu et al., 2006), 1 ~ F
PEOWIFE TIZOFESIC & 5 A ¥ PR BN (Masumoto
et al., 2008), HA ¥ FHEORALHKOZHINZE) (Ogata et al.,
2008), FiA ¥ FEEORAEANOZIELOZHiZE) (Du et al.,
2005), KWHETIEZT ¥ ITT F—2DFHiB X ORAELT)
(Doi et al., 2007), BAFETIZT 7V — AT OGS
(Aoki et al., 2007a), HiFHE— KK (Aoki et al., 2007b) % &,
LA FHERE DORE 4 TR HE R BIRFIEASOFES 7 — % % W AT
b C&7 T BRENOT AN F—(EHOEIZ L 555
(von Storch et al., 2007), RIEEIRIESLO ZLAHD (Aiki and
Richards, 2008)7 & OMHFEIIFHIZEIC S OFEST— & AMifibiL
TWb., HEEARRIZEC D OFEST— & OFIIILA > T
ETBY, vFHFOIMET 2B L0774 23—

\‘ ///

20N

r-o-uqu«-llr\- at¥ ll-.l-l.((lviﬂiﬂlrtﬂttl)b
'o.a)n;:yttqquavlﬁu AAassrrrr wrsiad Lrhwy A2
BT

Ay TyYT PN
"vuvrv"l

15N -

7 4 7 VIERIZOFESB L FIBLFEER DT A by F %
DFAELFIOMZE (Kim et al., 2007)2% 7N, TV =—= 3 3]
RORZENH SIS NIz BUED B4 I FIIFeAsEsT
TTHY, F7-OFEST— ¥ 2t L - ENIOIFE# wi7E
TN—TOWMFREBHIGTETH Y, Sk b ki L CHRAH]
FCT&5.
ERKRMIEREET VTR ST ACFES

1.4.1. CFESO# %

K& A E 7 VCFES (coupled atmosphere-ocean GCM
for the Earth Simulator)i%, K5KIEBRE 7IVAFES (Shingu et
al., 2003; Ohfuchi et al., 2004) & {#¥: KB E 7 )V OFES
(Takahashi et al., 2003b; Masumoto et al., 2004) % ¥ & L72E 7
)V Cd % (Takahashi et al., 2003a). K&ET N & HEHEETIV
WWH L7727 a7 g AL LCESORRZEHH ) — F LTE
178N, MPI (Message-Passing Interface)i@fZI2 L ) 7 — % %
T 5, VbW SMPMD (Multiple Program Multiple Data)
BROIF 7077 5 THY, KFETNVEHY B TLHEHE

J— FEEREETHZ LX), EFVHIOFERED®E:
W& 2EED [Fib] 2R/MET 52 AT RETH L. £72,
ES L CORBIBEHIFI 2 B IS E N7z, —Hil
BRFIEAEEET N E IR, HEO0OMN L1z T
07 A(flux coupler) Z S, KRRETILIFEET IV
PEFET— & 5SS B MUK 5. Flux coupler & i
M3 554, %’:Tﬁﬁﬁ@%ﬂi_\ﬁ@%“@% D, 8FEFEH T
7T PIFRITHISTE B M, 77— 7 mEAME LT

753“2%0%3“9%\ CFESD X 9| ﬁi‘%if ST 5HANTIE, &£E
TIWNZT = Mol ZONREEITH) TV —F %8BT 5
VI H DA, T—F OEAEDSHET S5,

160E  165E  170E 175 180

170N 165W  160W  155W  150W

l|||||||l|ll

-1 -0.8 -0.6 -0.4 -0.2

‘ I4 0‘6 OOB 0.5

Fig. 1-9. Annual mean current vectors at 38 m depth (m sec?) and surface wind stress curl (color, unit: 107 N m?) in 2003

based on the OFES QSCAT simulation.

[X[1-9. 20034EDIBMIEDTEHNRZ I b(m sec?) & FKifii ) 51—V (color, unit: 107 N m3) DI, QuikSCAT)RET)

7 — % CHAE) L 7-OFES 2 PSR,
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1.4.2. CFESDH K

Lo [7va b5 A4 7] CFESTIL, MHEE TSR
FEASEASINTELT, KRAET VO S F SF LN,
&0 bt & pEfEAE R R IHR O b oM s T
W IS OBRI SRR ROV I b—T 3
NZE o THOD TEETH L7200, TTEOUEAET L.
F72, EHMEECRIIMZE L3R ER TETE LT,
ZD7=ODYR AT L CERML 7.

OFESIZIEA SN 72#KE 7V (Komori et al., 2005; /NSF,
20071, 7 7 A A KFEREAmPENT gL ¢ - ¥ — RS s
)V (Zhang and Zhang, 2001)% 12, MEOWREIT-72d
DTH5H. NFEETE, REEHRE L2770V MR
TORYBARE TV (Hibler, 197975, AERIEFIFHEIICERT
RS T ORRATERE 7V (Hunke and Dukowicz, 2002)122
Wiz F7:, OFESARE FFEOBHA F— 2%, HHHEIO
WREEA LTz, —H, BAOFBRETIE, BEEZELL
(Oberhuber et al., 1993) two-category, zero-layer-€ 7" )V (Parkinson
and Washington, 1979)12, A-IEEFEL°BIKIMIZ 31T % FEE ORl
fffe e &, KRS GRS ofke 2 B L 7z.

AFESOFUHBIEZ, Bz T — Fmstrn8 (Nakajima
et al., 2000)7> HmstrnX (Sekiguchi et al., 2003; BT, 2004)122%
Oz, TN, RSO TSR EI L S AR N
A 7 AHSKIEIZ3E S N7z (Enomoto et al., 2008). 7z, B
THERE, i [Nr YTV 5, BEolity v/
Y — MR - B &% G E BT 7 VMATSIRO
(Takata et al., 2003)(Z AALHL % 7.

old scheme

‘lillnlli

i izl i

7

1.4.3. CFESZ MW RAHEHER G Y I 2 L — 3 3 Y Ii%E

INHOYREEE 2T, KRETIVOMMEEDIKTT239
SRIEABJE, T TV OIREIEAVKT0.25° $iEB4 L NIV D,
B SRR AIF G Y I 2 L= a Y eBIR L7z (A
1%, 2006; Komori et al., 2008a). \»H W AHdouble ITCZ
(intertropical convergence zone) /34 7 A% &, KEBDOREHHE:
HAEET IV CTHRBICAS N A REIZIE > Ty, 2B
RERIEER & ABURBHESL, BB RIAER & VRS
TIHOPHBIEEL, 2 L CENS OMELMERDAET DRI,
FHERFIRIRAORIME PR S €5 5 D TH o 7z

C DR S1F, PRI OWHKIRETH S A7 ) B9
FZ BN RECTH 5. Nonaka et al. (Pt BrpiZ2, 2008 %
ZH)E, B4~ FEOMHARRIHUN S B LT 2170,
FEEPERSGEEELIHE ) SRRSO RBIRIC & > THIBROBRK(
AT R E (P &) 7 7 v 7 ZAHWRIIZAEL
B2 EIZX D, HIRHIPED M ARSI N TW A S
LEHLMIL.

—J7, RRMEREEY I 2 L= a Y TRIEEICEE T
DORFEELDFIEIND Z L0 5, Komori et al. (2008b) 13
PENEROMEYEF IS H U CTIIT 247, HhiREE (2000~
4000 m) (ZB\VT10° m/s FEE DOIRIEZ FFOShE T ASAE S
5L, FBEBANRT MVIEIREE S T EE RIS X
V2T E— 7 ZHpo L2 /Al L. Zhnid, 18ko
WEEHATOY I 2 L= 3 YT SR TO AR WHIR T
HY, JHU L o Tk S Bk 4OV ¥ — % a5
VEEATRIZE SN BARERTH 5.

Fig. 1-10. Annual mean fields of (left panels) low cloud as measured by cloud water mixing ration (color shade; units in Kg Kg*)
averaged over the lower troposphere (1000-700 hPa), surface wind vector at 10-m height, (right panels) Sea Surface Temperature
(color shade; units in °C), and surfaceocean current vector at 50-m depth from first 5-years of integrations of the medium resolution
CFES (top row) with old cloud scheme and (bottom row) with new cloud scheme.

[X1-10. (ZERI)HFEPE TR (1000-700 hPa) T3y L7z EARA L TR EN/AEVIYE R L 10 mEEEIZ B B i LR~ T
V. (FREIER KIS 5 —, °C)&50 miE COMFIHE. FHHEEECFESIC X AR5 B HES ORI IED
. FBUIIHEBE A ¥ — 2, FBUIHES A F— 212 L DR
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1.4.4. CFESOHLIR & 5%

BUEL, FikomEERRCFESICNZ T, HEBBEOEY
TR T ¥ TNVEIED 72 DIV IKHEE % P2 L7 i
TBEERCFES DA 5. 72, LETKFZ BN L7 KRS
G5 — & FEWIZEICING C, CFESDT ¥ ¥ 7 WMALEED i
T CH 5. 1.2.28 TRz AFESORE T~k A 3 — 2 DL
E (Kuwano-Yoshida et al., BZaTH) 1, KERETO FEERD
BNAE D725 L72A%, CFESTIE, KEEHERIC BT 5 Bk
WA 7 AR E ) EHEBRIRIZT TR, JAROUE
AREIRO KA AR % 38 U CUGEic & CRed MIEY
ZrICk Y, WEERETERedouble ITCZNA 7 ADHER D D
7259 (Sasaki et al., 2008a). = D% EECFESIY, Hiff%
FERLC154E M, PRI CO0E M ORI T LTHBY
(Sasaki et al., FlkH), 4, HERENSIORITES & i) L CaE
M2 fFHT 2479 PETH 5 (X1-11).

1.5 ERX AL [FF5E

WERY I 2L —F vy —iF, HEkY I 2 L—7 2K
% BlG U 7220024E ISR, 7V OfF geit L HEE b L, R
DY 3 2 b= a3 YREEBIRN O RO FIZHF LS9,
[EIRAL] fZE2 i L C &7z, RA - EY I 2L —Ta
VW TNV =T, H T T RRIT BE T AT TE
(RPN/MSC), A7 Y 7 AIMEEMSEAT (SI10), 7 T » AENLifG
FEBHZEWIZERT (IFREMER) & O EIRSILFBIZEI =R L 72

HF FRGIT R T HTSEE & OILFFFZETIX, 19984F
W7 A S A F T ORRERSTN) =2 - T—VD
KBWEHH Y I 2= a V&1 o7, ZO7aY 27 b
{ZLarge Atmospheric Computation on the Earth Simulator
(LACES) &afhireniz. SHEITIEk28 ) £ 9121 km
Ay aT, BaRGUED, #ane SN0, £
LT, TRERSENO=Z20Y I 2L —Ya v &2 fihotz

Specific Humidity (850 hPa, 0016.11.17 122Z)

Fig. 1-11. (Top) 850-hPa specific humidity [g kg™] and (bottom) sea surface temperature [°C] on November 17 of the 16th

model year in the high resolution CFES.

XI1-11. ERIEEERRCFES TRl S N7R5 64 B 11 H 17 H 0( 1)850 hPalfi T [g kg F)iFAKIR[C].
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(Desgagné et al., 2006).

A7) T AW & OILRBIZETIE, NCEPOFHENT
7—% (Kalnay et al., 1996) &H#IHA~XY FL - EF V2 H
Wy, HASHIHD10 kmA v ¥ 2D NFHH T v - Zr—1) &
7 OFHENT 2 AT7% o 72,

RO OO RO IBU AT TH 5.

7 F v AENLHRER SR & O LFIZE T, WED
INS TR A — IV OWAIREEBISUTIER L, 2 ORI OfF
BB L ORHBIBICRITTA 287 b & A D = XL ORFFehs
bz, PHREDOWENBAEDY T AV 2 — VB4
(= 30km) & fHE L 72 B b S N7 3 T WEAHEEE >
Jab—v 3 TR, FEOBGIIT A —HKsKE I
TEBIG T 1) I 2 HIRREEOTAD T T X Y 2 r— )b
O T7 O v M RMOWEHSREZT | &RL, REITmy
EATER E NS Z & 2 SAIZ L7 (Klein et al.,, 2008). &
72, RIS ITE L 0082 2 FUs A % fe L
TG RIEL, BERMEORISIASHERNERICN X 2 hiE
s EHL, ZORKHEIZ2500mDHEENERIC RS 2 &%
g L7z (Klein, 2008). —7J7, R&RMHEHEAETIWVCFEST
132053 O EHEE TRA L FED TGRSR 21T - TH Y,
2,000~4,000m¥EEDEFEHERIE TN & 5 K& R diE
SEEAR S 7 (Komori et al., 2008). BIFEM ALY I 2
L—3a T, WEBOKRE ZErHES) 2R Laflid k<,
T KICHFEEDOBETH B, $72, F5EDeep JetsZ LR
G LB L SN e COMBIMEE Y I 2L —va v
LITbN, WEBEREOZETAGRET 2 AT 2 HRAD A
Y12 X > TDeep JetshYER S5 Z & (d'Orgeville et al.,
2007), RAHAY —EAMATLELIZ L > TREEL R D &
WEREE— FOfEEjets & 72 % Z & (Hua et al., 2008)% 1 5 2>
2L 7.

EoE

QUIKSCAT TR EUG ST 7— # 1&, J-OFURO (http://dtsv.scc.u-
tokai.ac.jp/j-ofuro/) D7 — % & v b ZMMHHR GHERFH LD
Rt L Tz L

2. FIRMERBHAMIZERE 7 1 75 A
FIAMERY I 2V —Y g VIRV —T

211 LI

Ferld, HERY I 2L — & ZBRAE L 2 KBBRGTHERE
Salb—YarEEUT, kA FEL~Y Y Ptk
U L3 5 HERNER RO L 54 F I 7 A% BFET 52
ERBIRL, ZO72DIEE 7 5 KHBEETIR TR 2L
AEAET VT X 2 OSBRI RS ) A A T E 72,

224 VX VB OERELIEH

A FERY A A PO LWEHEEHET T4 2 Y V&1
BEFLE (H2-1). 4 ¥ UHFIL, KRBBIEYIEREC
WLAETTHD. ZODERBRERET (1 HETLY Y
Fa1) AL TEG R ) Ao TERI A2 E ) .
BEFETOBR Lo 2 AR S % 2 & ¢, FoBift
FME LTS . 2%, 4 Y UETIEF X ST T
—HETH 5.

T4 X BRI % A ) 70270 O FEIRN 43809 2 B 2 [ R
(A X o) &, IS hizg v R & OBIRD T
LT L7

F7e, RNFT) y REEERA v T ETHEREL, HiEk
5 A FEORSOBR GO LI 5 M (Bermiix
HATEROIMITEIRO R T~ ¥ X VIEER 7 4 < U BERSAC
i < FRE) 1A LT, N5 & S iR L7z

BB, A XY UETE =TT UHTERIZD F 2
TFRETRIA SELa— FOFE L. Jhudihiky 1 €
¥Ialb—Ya VETUANDONEOMARRETELIZD D
Thh.

2214 YX YR TICHEDWIZHIRS A FET I 2L —
vav

40X T ERERYAFEY I 2L —Y g rya— R
BWHL, ZOUFULE F2—= v 7 %7072 ZOE, ES
D512 7 — R ffio 72515C, ¥— 2 M D46% DT PERE

Fig. 2-1. Yin-Yang grid. An overset grid with two identical component grids in spherical geometry.
B2-1. A 2 MG O DEFE 2 R 72 BRI RO F X TS
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FiBkL, 20044EDT— K> - ~LE(Peak Performance) % 525
L7z, ZHUS, A Y TS KB R b5 R D L7z
BN EEMFTHH I L ZHWTHILDOTHA.

A X TR A FEI—=FICLAB512/ —F
(4096 7T & v P F b & LA KHBEIEIC L Y, Bul A
J—¥Ra, KWL <V HETOMIKS A FEL I 2L —
YavEfiot BuIs < U (=EROETE) oY I 2
L—¥ 3 VI REMEEED R SN 5 72O IZFATHWEET
Hotz. A VX UKTERVIFADT A FEI—-FIL, £
DEHFEMRICE Y, ThETENBIRETE Ldo
Ry < VEEBIC B 5 54 FERERT A2 L
W L7,

ZORF MR TR DB Y < VB OHER Y 1 FE
YIal—va voOE, 10074 FATEO LY < U EGH
BWTIEY =y MEEMED O — b - T — 2 RRED TR
N5 L (K2-2), BLOZIUIECAY AV T 4 VBT
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Fig. 2-2. Convection structure in the outer core with low Ekman number.
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Fig. 2-3. A mantle convection simulation with AcuTE method on Yin-Yang grid.
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Fig. 2-4. Snapshots of simulated Rayleigh-Tailor instability : validation of our simulation method for viscoelastic property
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Fig. 2-5. The spatio temporal variations of slip on the fault for (left) homogeneous elastic model and (right) viscoelastic layered model during two seicmic cycles
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Fig. 3-1. A schematic figure of time/space scale of phenomena in atmosphere and ocean.
B3-1. KR EIMEEDRRA ZIRFH, 22 A 7 — )L DI

JAMSTEC Rep. Res. Dev., Volume 9 Number 1, March 2009, 75-135

93



HWERY I 2l —F vy —
The Earth Simulator Center

WRBEI BT I L=V a BTV, EDXI)BETIV
ThBLIENDBHDN, FI28ETH BN DONTORG %
BItAL72. 9, #EkY I 2 L — ¥ 2 RRBRICTH L724a,
TFHMET ML EZ FTHEEZELTHILENTE, ZOE
TMZEDOREOBILR 2, PHTE 21O TOmYE
I EHEAE L CTE 7. ZOHNERAT 70T Z R0
PEASGE 7V Multi-Scale Simulator for the Geoenvironment
(MSSG)TdH 5.

KRALWEETIE, W & A 7 — LV OBIRAS, 1 ZITH
EOMIRIZH D Z EAMSNTWS, 2B TIE, KB4
BlCE DL, FREORD HREPSN, BER LWL, 54
MO E THEG D S BRI ORI A r — v Th Y, R
M7 ZEM AT — NV Th A, FIUH L, BAERERAED—
EIFEN L) BV H A 510 HFEEECTH1000km D ZE [ A
T=NVThhb, NLOKHE, ZEHOAr—VOREE L
B, WERICBWTOHD LD, 1000k m A7 — IV TOH
LERZATITRBBIG L W, KER T —VDSREA 7 — )V
IVHEBT IR0, L/ SR, SREAT— VAT
ERVAT —V (HEL SO TABEE Gt 7e &) TR
BHEFNVEHNTEL.

3.3 MS S GO L ¥

KA 5 A € 7V Multi-Scale Simulator for the
Geoenvironment (MSSG)DH##IZ, F§, AERICIRH L T
ZYin-YangZ'V) v F[2]%2 %85 2 & A5CT& . Yin-YangZ
Uy Fid, 3RILO2D0D/30 V%S & 9 EBFEROKR =1L X
2, BRENIER D ) 7-MiE % L72# 7 Ch 5 (IX3-2). Yin-
YangZ' V) v NI, $EROMEREEIEERO—R(ALR45E &
AL, REEEOMED H270METH E M-l 2 O & DX

AIVE LT, MR LRI MR S E72h ) 02D
XAV (X3-2()) TE v 7 TR LR TH VEHR E X
RN EE) AT T 5. AR L KT 5 &,
TSR AR T, AU & MRS Y &Rl ECOR T
BAF L Z Ean, Jufim s mmEo I RfETlE, ¥ Ia
L—3 a VORISR E R 7 v KPS 5. Yin-
Yang 7'V v FCIAbM & RIS 3 2 R R E A Wiz D
2, FRRMEETOZ ) v FOBRRR W, Z0O0b 0 IZE
FENRDHE L D) A9 ERHMEAES 5 (X3-2).

YIalb—Ya roitEETALAICE, REICHRE
17972012, 7)) v F R OHEEAR TG CEHE
AT TR T HMGMN L LELM0H b 7280, L
JEREZ D7) v KIEOHEHIL, FHEAT Y 7OEE/NSL &
LRITNILSLWEWIHHfE DI &Ik b, BIZIE,
TR SR CEEIREIC 7)) v FEZERL LD ET S
&, BRI TIE, AB D7) v FrikEO#K10
GO 0T, FNETRIEAT v T ORI Z
W EBRITUTR SR, Yin-YangZ U v KT, b7
Uy FEREAYEL % 54 CHREE D & 5435501
RECTH H720, [0 URHRHMGEEZGE L72Wfr, MR
JERER & 0 BHASH .

[XI3-21%, Yin-YangZ'!) v F%& 45k FICHE D A1) 72850
THY, (O)ILYin-YangZ' V) v P EIZBITF B 45k E SIS
RO AR T 4 ¥ TR BGOSR TH L. 7))y
RHERT AU OVTIE, ENENOEBNDOBIT S 7
Uy FEIZBWTEHEEITY, &3 AVOBFITHY 5 4
VE—=T 2 A ALDT) v FBWTOR, D7) v Fip
DA L CEZ RET 5. BEEFEEO ) v FOfizRko 5
THEL, ZL OTHEPRESNTVDYS, MSSGTIE, 1~
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Fig. 3-3. Time/space scale hierarchy for MSSG. (a) Yin-Yang gird system for the global. Each colored panel is corresponding to Yin and Yang grid,
respectively. (b):Japan region is nested with two way interaction to the global. (c): As our near future target simulations, urban scale weather/climate
simulations will be allowed with two-way interactions to the global/regional scale simulations. Urban topography was lent by Geographical Survey Institute.
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Fig. 3-2. Schematic features of domain decomposition on Yin-Yang grid system.
(a) shows one dimensional domain decomposition for region and (b) presents two
dimensional domain decomposition.
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Table. 3-1. Computational performance on the Earth Simulator.

3-1. MSSG, MSSG-AB & U'MSSG-ODHIER Y I 2 L — ¥ L ToiME e

3662807040 1%| 461.0]99.9973
42738 229 99.3%| 1313 | 53.4%| 3546 | 99.9968
44019 229 99.3%| 902 | 550%| 2426 =

2713190400 45752 228 99.5%) 1874 | 57.2%| 4791 [99.9983
46061 228 99.5%) 1415 | 576%| 3652 [ 999969
4692.4 228 99.5%| 961 | 587% 2475 =

4718592000 36293 240 99.3%| 1446 | 454%] 4013 | 99.994
3568.5 240 99.3%| 1136 | 446%| 3337 | 99.989
42343 240 99.3%| 701 | 529%] 1832 e
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Fig. 3-3. Precipitation distribution snapshot of global simulation with 1.9 km horizontal resolution (mm/h).
Instantaneous global precipitation distribution (mm/h) plotted every 6 hours obtained by validation experiments.
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Fig. 3-6. Precipitation distribution with different horizontal resolution. (a) presents results of regional simulation by MSSG-A with 1.13 km horizontal

resolution and (b) shows observational data during the same term.
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Fig. 3-6. Hind cast simulation results of cloud distribution in winter season in Japan area.
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Fig. 3-8. Snap shot results from regional simulations with the ocean component after 15 years integration. Upper: sea surface temperature (1) at 15m
depth from surface. Bottom: absolute value distribution of horizontal velocity (m/sec) at 105 m depth. Color contour in Bottom one is used referring to

the color bar in http:ecco.jpl.nasa.gov/cube sphere.
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Fig. 3-9. \Melocity distribution in the depth of 100m with global/regional
MSSG-O.
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Fig. 3-10. Upper: results from tracking forecast of typhoon ETAU. Best tracking announced by Japan Meteorological
Agency (black line) and results from 120 hours forecasting simulation (red line).
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Fig. 3-11. Observational data from a satellite. Left: tracking data of typhoon MAWAR in 2005.
Right: SST response to the tracking of MAWAR observed from a satellite.
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Fig. 3-12. Left: simulation area picture taken by a air craft, Right: distribution obtained land use data for whole of simulated area. Boundary data
out of those simulations area is interpolated from meteorological data (MSM) provided from Japan Meteorological Business Support Center.
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Fig. 3-13. Simulation results were shown from 5m horizontal or vertical resolution simulations. Buildings can be resolved with anthropogenic
heating source. Each figures show horizontal temperature distribution at 7.5 m height (upper-left), 12.5m height (upper-right), 32.5m height
(bottom-left) and 102.5m height (bottom-right), respectively. Dynamics of thermal plume have been represented.
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Fig. 3-11. Wind stream function and temperature distribution for the vertical direction. Upper wind distribution tends to pack boundary
temperature in urban canopy area. However, further analysis is still required in order to understand heat contents mechanism.
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Fig. 4-1. CAVE system at the Earth Simulator Center, "BRAVE".

X4-1. HERY I 2L —Ft ¥ 7 —1Z%E STV H4HCAVE & A
72 [BRAVE]

VARG EG R SN TBY, £A7 ) =i
RHIHE SN BB X O A HOEG 2R v v & —
MRgEColE LMl 9233 5. Wif5IZ96HZ T HIZY) D
BAohb, A7) —rvOF 4 AIBmx3mT, HENIZA-
T ORFEIE I ez, BOWEAKES 252k
MCTED. WY v v & —EOME L MEEIFIC T v 3 v
TYAT A QR NI YIRS, FhaeRCEIC
T—F— DN LN L WSS 7 4 — RNy 7 8
b, ZONIvF VIV AT AL, FHEIRET A2 b
O — 5 OfCER A D FFHCHR L T b, ZO720FI#,
a2 bu—7 TR URTIKILEMDTEEOWHTT, AR
AKFRZT 7 v AT B EDSTREE e 5TV A.

4.2.2 VFIVE
VFIVEIZL, 199947 SRRl A AR G PRI D Bl -
VIal—vaviidet v 7 — G BIRRIAIITEREE B
FHARTZERT ¥ X 2 L — ¥ 3 Y RHARZERR) IS B v TR
X o TR BIE S N2 —F X V) 7Y 57 4 WAL OV
7 77 THY (Kageyama et al., 1999 and 2000), HAEZ D
BHZSIIHIER S I 2 L— 5 & v & — TR EkATN TV B,
—fEICCAVEZ E T/ N—F X V) 7 7 4 ZEE RIS L7z
WHALY 7 by 2 7, 2RTEDE=F — T L TW it
KDALY 7 by 2 T DY 2 — TR T 2N —F % LY
TUVTAHICEELEDDRZ V. o TENLDY T b
Y 27T, WYL E RIS L2 E A S ko
LI2ODOKERE Lo T v, LA LVFIVERR, M4005 5
CAVETHE) Z & ZHife L L TR EN T 5, VFIVEDSF
B, BRAVEOHIZHH SN2V I 2L —va ry7—%0
RAREFUCRIHE H SDSA D AR, 7 — 7 ORI it %
FOWI~HORBIHIL, ST ETRMEDDFORNRERL
L, EOICEEFEMIEL TRR2WESISHLTY 7TV sy

Fig. 4-2. Menu of VFIVE.
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Fig. 4-3. Scene of vector fields analysis by visualization function of
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Fig. 4-4. Region of Interest (ROI) function of VFIVE.
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Fig. 4-5. VFIVE for PC clusters.
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Fig. 4-6. Data flow in the MovieMaker.
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Fig. 4-7. Parallel visualization by MovieMaker, in case of isosurface.
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Fig. 4-8. Data flow of the Y'Y View system.
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Fig. 4-9. User interfaces of Y'Y View system.
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Fig. 4-10. Camera Path Editor.
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4.3.3 Armada
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Fig. 4-11. Visualization of the Earth dynamo simulation by Armada.
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Fig. 4-12. Visualization of crack tips dislocations, by the point-sprite method.
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Fig. 4-11. Visualization of the Super-Droplet data, by the point-sprite method.
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Fig. 4-11. Photo-realistic visualization of a cumulus cloud based on the
Super-Droplet data.
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Fig. 5-1. 3-D Simulation of a shallow maritime cumulus formation and precipitation using a coupled model of the Super-Droplet

cloud microphysics model and a non-hydrostatic atmospheric model.
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Fig. 5-2. Direct simulation and MMI simulation of the attractive interaction of two phase singularities. (a): The result of direct simulation,
i.e., whole region is simulated by the Micro model. (b) The result of MMI simulation. (c) The Micro region in (b) where the Micro model
is activated, which is automatically determined by the algorithm. We can see that (a) and (b) agree fairly well.
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Fig. 5-3. Schematic illustration of the handshaking between particle and continuum domains. The information of macroscopic

quantities in the handshaking regions are exchanged each other.
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Fig. 5-4. Arrhenius plots. Panel (a): chain initiation reaction. Panel (b):
chain branching reaction. Panel (c): chain termination reaction. Solid line:
thermal reaction rate coefficient. Blue and red points are one-dimensional
cuts on two different lines parallel to the flow of the reaction rate
coefficients obtained by particle simulation.
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Fig. 5-5. A comparison of maximum pressure histories obtained by MMI
and continuum models.
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Fig. 5-6. Time profile of the wave power in case of R=0.1%.A@Red and
black curves show the results from our new model and the conventional
Hybrid model, respectively. The dotted line shows the analytical results of
the linear growth rate. Both in the linear phase of 170-200 and later non-
linear phase, our new model can treat the wave characteristics. On the
other hand, in the case of R=0.5%, our new model can not treat the wave
profile because of the kinetics of the fluid component.
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Fig. 6-1. Connection between macro physics and micro physics in friction dynamics.
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Fig. 6-2. Phase diagram of atomistic frictional coefficient in pressure-velocity plane.
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Fig. 6-3. Connection between macro physics and micro physics in fracture dynamics.
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Fig. 6-5. The number of particles ionized by an energetic electron in the
ionosphere.
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Fig. 6-6. The distribution of ionospheric plasma density. This figure is the result of holistic auroral arc simulation.
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Fig. 6-7. The distribution of latitudinal electric field at ionosphere height at the same time as Fig. 6-6.
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Fig. 6-8 The distribution of field aligned current density at ionosphere height after about 80 seconds from the time of Figs. 6-6 and 6-7.
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Fig. 6-9. The distribution of auroral emission intensity.
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Fig. 6-6. Molecular dynamics simulation of homogeneous vapor-liquid nucleation using the Lennard-Jones model.
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Fig. 6-6. Molecular dynamics simulation of homogeneous vapor-liquid nucleation using the Lennard-Jones model.
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