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- V. Bjerknes (1904)
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- L. k. Richardson (1922)
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BJERKNES, V., 1904: Das Problem der Wettervorhersage,
betrachtet vom Standpunkte der Mechanik und der Physik
(The problem of weather prediction, considered from the
viewpoints of mechanics and physics). — Meteorol. Z. 21, 1-
7. (translated and edited by VOLKEN E. and S. BRO"
NNIMANN. — Meteorol. Z. 18 (2009), 663-667).
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ENIAC: Electronic Numerical Integrator and
Computer
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Anomaly correlation of 500hPa height forecasts
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Fic. |. Evolution of forecast skill for the extratropical Northern and Southern
Hemispheres, January 1980-March 2010. Anomaly correlation coefficients of
3-, 5=, 7-, and 10-day ECMWF 500-mb height fonena plotud as ll-monﬂ-

running means. Shading shows diffe in scores b
at the forecast ranges i (adapted and d from Si and
Hollingsworth 2002).

Shapiro et al. 2010
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X BAFERIHIEN  KFLOPS (Kilo Floating-point Operations per Second) MFLOPS(Mega FLOPS), GFLOPS(GIga FLOPS), TFLOPS (Tera FLOPS)
" THD.

*IBMIZ, International Business Machines C
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Camphor 2 (system A) EW
=Rasr X040
(@D Xeon Phi KNL 68cores 1.4GHzx 1 /node
#nodes. =1,800
#total cores = 68 cores x 1,800 P 122,400 cores
Peak performance = 3,05TFops x 1,800 < 5.48 PFlops
Memory capacity = (96+16 G8) x 1,800 P 196.9T8
\ Burstbufler  =230T8, 200G8/sec Darawie )

Storage

P ”
DataDirect ExaScaler (SFA14K)
Disk capacity ~ =24PB
Bandwidth =150 GB/sec
(Oct. 2016 - Mar. 2018 : 16 PB, 100G8/sec)

 Burstbuffer = 23078, 250G8/sec O/ IME

Laurel 2 (systemB)

W& EW InfiniBand EDR/FOR

Cinnamon 2 (system )

((=m.ac C5400 2820XT

(@D Xeon Broadwell 18cores 2.1GHzx 2 /node
#nodes =850

#total cores =36 cores x 850 P 30,600 cores
Peak performance = 1.21 TFlops x 850 9 1.03 PFlops
QR!MON capacity =128G8x 850 106.3T8 J

[ =rmas- €400 4840X
(@D Xeon Haswell 18cores 2.3GHzx 4 /node

#nodes =16

#total cores =72 cores x 16 P 1,152 cores.

Peak performance = 2.65 TFlops x 16 < 42.4 TFlops
Memory capacity =3T8x 169 48.0T8

Camellia (system E)
RS XC30 with MIC

i Xeon Ivy Bridge 10cores 2.5GHz x 1 /node

Xeon Phi KNC 60cores 1.053GHz, x 1 /node
#nodes =482
#total cores = (10+60cores) x 482 < 33,740 core:
Peak performance = 1,21 TFlops x 482 % 0.58 PFlops

\Memow capacity = (3248GB) x 482 > 18.8TB. /

WEAEW Omni-Path

Storage
DataDirect sfa12K

TWORKS
Disk capacity =3.0P8
Bandwidth =24 GB/sec

B35 (B# InfiniBand FOR/QDR

- BR ECMWF: (3.8 Pflops) 23, 2411

- & MetOffice: 111 (6.5 Pflops), 38, 39117 (2.7 Pflops)

- & Nuri, Miri (2.7 Pflops) 46, 4711

- 1A Prolix2, Beaufix (2.1 Pflops) 50, 511z

- 2K NOAA: Luna, Surge (1.6 Pflops) 62, 631

- of. RRTIRMEFT: =& (0.94 Pflops) 12011
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FROGRAM AFES

| [Bosic Porometer Module]
USE MAPARAM | ONLY : APREAD, APASET

| [Physics Grid-point Flelds Porameter Module]
USE MPLSDIM , ONLY : PLSOIM

| 1 Module)
USE MWL

#ifdef CFES
!

USE cfesmpl, only : ownit log, & lvor
cfes_moi_init, 3 Isb
cfes_mpl_fingl Isub

USE cfes_teble_interp, &
only ; id_ogom, \d_ogee, & Iver
id.sice, \d lond, & lvor
cfes_toble_set? I'sub
\

fendt !

IMPLICIT NONE

. G b ot
-~ A i, e
“afes. FR° 128, 67X

KJRD T

- RO AR E I E 1 —F THES
- BT -5 2R U e EAfE
i, BEIOR - BKFDEFREM

- MIEERR A O S A UIEETIL

RRJIUARBRET I EBBRKIET L

- KRKBERETIVIE, HEREEOATORNETE
IKE L THRDEDLH 2,

- AIERFIFTETH 5,

- EEARKETIVIG, —EOHEZTHEIEFE
BRR7THILNEEZEARE L, EZERE

- AIEORFREHNDE




ERENICH S FIER
- BRZAER ROOERFRBTRE S,

- IKEEZRBEN—IRBIETFTES Z &R,
- BIZE, BEREERZEZ S,

- BFEREVPRETCEHERRICES &,
AR IR ISER LEFE DL L,

LU, BRISED < IFERERFREBHNIEL 25,

ERE SR

C TS ASRADOAEAEOR
- =AY T ERRE

¢ ARG NVEESE: Z¥ 7z &[0

A

- BIZILTE574DTIE = A1IHR,
574 EIRTREK

ARG )V EIE D EREER

© RESMA

- EEIR Py

. T—UIEH 08

CBET—U IR

- m z'z\ ANVANVA J

I EAVARVANY

)LV Y RILZIERDOS -1.0 -0.8 0.6 -0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

LYy RIS sinf& &

Kuriharat& -+

RO S FRB X TNIE
B E DEEMIC4(-1)E

Kurihara 1965
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10, 1. The dntribution of grid pokaes for the 0.3
comventionel T108 Caesian grid - h';":‘ The dutribtion of gl ot for the “Tully mbaond”

Hortal and Simmons 1991

(1-b)g" ¢ T (1+b)g  q
Le Treut and Li 1988
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Numaguti et al. 1997; Ohfuchi et al. 2004;
Enomoto et al. 2008; Kuwano-Yoshida et al. 2011
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(Atmospheric GCM Eerthe Earth Simulator)
(Y.-Y. Hayashi;”Y. O. Takahashi, W. Ohfuchi, T. Enomoto, etc)
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