HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

-t W BRI B P NS 1 - R RIE R T v 7 0o EgE

I FAL

HiEORIE WEERF I TS r—v a3y IR
W

HiEORIE WERRIERISE TS =Y a v I
=S| % LTRSS TS =3 v 9K

PERDUFIFRIIIZE T HEEE U C & 7B VAN 2. W aiigEh 2 & X D /NS LR A 7 — )V OERHE O
FUTTREMEZ #EH XL, HIERY I 2 L—F Z W78 LWl Tl 2 2 7 2 Ensemble Kalman Filter for Kuroshio South of Japan
(KFS)) %ZBi%E L7z KFST &, #i7zZifflfiKin T — % Th 2 AR HE VD £D Y 8 5O &G i il KR 7 — & 2 R L
TN BT 2 BRI B O e 2 BIEMIC R T 5 L & I, HARMRERMREOBENT v 7Tz 1k T
DTEBL 720 BWIRHAE O TUNEEL, PERDUETTFIE 7V JCOPE2 IZHARTH ELTWa 2 & 25RR S .

F—T—F i, B, BEIRREE), T TV AR T A vy — T TV

1. IL®IZ
W R TR - 7 7 r— v a v I AP T AT H
A3 ¥ 0 TT RE % S2 8% (Japan Coastal Ocean Predictability
Experiment; JCOPE) | 2B W T, HAE#HOHRALT % T
WL, BRI FEOMIRET DA H = AL EFHT L L
& HICHEE, KEE WERBASE e &R T T — 5 2 e
T AR EML T& 72, ez D 5720, JCOPE2 F
WY AT AZIFI LD ET B EMOMFM > AT &% T
LC&7, WfEoitEE & D2, MEROFHHEE LT
7R DR L R EIALE (100km 27— V) 7217 Tk
VIR ORIFZEE R, £ D /AE % (10km-1km A 57— V)
A TEISHR, PR - ARREEICB W TEER
HEZHS TVWBZ LRI EINTET, 29 LHIZD
FUEEEOMFILE AT TH D WEMHITN 5 &
ERREVETFHENLZENL, T Y TVFRE
X o THERN TR ET> T I EDRENTH L EEL A
SND, FIT, WBEE TV OZEIBEEE %tk D 10km
F— =5 lkm DT+ — & —IZERGEL L9 2 T
T TVTFMET VO L #ED L, TNHLDET IV
T 572013 ERY I 2 L — % EToRHEDS
VHTH %, ET VIR LR EEATE S L9121,
9 L7z P S T30 e W s - AR R A ¥
WMo EEFMHICESREHTE2b 0L 75,
LAEREX. HARF RN % 1/36 BEAR T- TS L 72
TEERET NV ZNHRE LCRIERT YT vhnv=
TANY—FENRIZEH L. T v TV hNv= 74
V& —fFRT - F S A7 A (Kalman filter for South of Japan:
KFS)) ZHESEL7-. RZE#E %L L LT, 20154 10 H
252016 E3 AT CTF =L - 7 3 ¥ 7Tl
EBREIT > 720

2. FlET—%
WEY I 21— LIZBWTMPL % v, #EKBIEIC
N9 ¥ 7~ EERELR O AR BR € 7V Princeton Ocean Model

145

BRIz, BTIVIEEIE. HARRREOILE 28 B -36 B,
AR 128 E - 12 EOHMPHTHY, 7L Nx 47fFe

L 72o NCEP/NCAR N7 7 — & Zfi4 05y 7 AU A
DL THRmMTOERE - 2475 v 7 A% 5 2 72, Wil
HoriE, H PR BEAEICRER S 720 JCOPE2 # i AT
F=FICEoT215F7H 1 HOKE - 5%z 5 2. &
1-IREE D> 5 JCOPE2 7 — & D /K IIE /il 12 AR F X 48 7 A8
LETNEELE 2. Z OB MR &M b JCOPE2 77—
T 0nY 27,

2015410 H 9 H % 5 JCOPE2 Kilk - ¥ 7 — % ~D
MMz ko, LETKFIZ X A F—Ffbe ZNic X 50
HIE 5 D20 A v N=T ¥ v 7TV T HERZ G L
720 Wb — &1, f R EERZ (Jason-2, Cryosat-2,
Saral/Altika) . i J2 7 16 /K i (Himawari-8, NAVOCEANO
MCSST). Bk 5 (GTSPP) T %, LETKF Mt
2 HEIAT W, BlllF— 7 2 BRINE LN Z BB
L ANHIEIZEH LA S 50 H P92 1T - 720

J& BE FEIREAAT O RS AL, 1 2 R B AR 2 oo B R
(0.03m) L a v KYy MK (EHTHAIZ6H) ®2D
AR A HENICRBAT 5 -0ICEER T A =%
ThHoHIENbhol, TOENPDINT X —71F, Ko7
e [4] LR L& L7z,

FATRABO MR, KAEFTHEE S X7 4 (ICE) 1 node
(8CORE) L #bEk I 2L — % : 1 node (4CORE) T
RELBE L7206, StEETFLE2ZE L v E 456 15
DFEATHE L %o 72 FRMBFHOFEREL LTE, 98150
WETH o7, ICE & ES2 (RAAMIRY I 21V —%) o
BTt BREMICBwTBIERSO#ETH 722
EREETHE, BHERY I 2L — 7 OHEARRG LI
MMz ES2 127 — FEIEm s, ks I 21—
FOICEIZH L THWERREEZEBT LI LIl ko7
twnwz b,



Annual Report of the Earth Simulator April 2015 - March 2016

3. MR

LETKF f##7T i %, Himawari-8 I ¥ K v M#, JCOPE2
TRATAE & i L7z & 2 A, LETKF AT 1. #Ek o
JCOPE2 fFNTEIC I, BRI 0 A 70 & 3 B i o iy
MEICAON D ESICHZE/ Ay — VAVNS L E S % X
CEHLTWDLZLRERTE 72 XM 1ITRT
£ 912 LETKF f#FT il (X 1b) 1%, Himawari-8 I ¥R v
M (B 1a) (A BHND, bk 33.5 B R 138 BEAHED
HENRAE % X < B L TwA25, JCOPE2 fibrfE (X
lo) (AR % B\KEHE L TV 5, JCOPE2 @ X )l KT
MRARE (112 ERT) X AR L H 575 Himawari-8
ERALL72HE L AL L WA Z b £ H JCOPE2 Tl
EWHRIEEALEALON o720 T (XH#EL), JCOPE2
THOWTW AL TETH 5 3 RICEFFEICHO LR OAK

137

141E

1 201642 H 18 H @ & M # 12 BT 2% 10 K iR (a)
Himawari-8 2 H 32 ¥ RY v b 1/10 EE#T5 (b) LETKF fit

Wifiio 1/36 FERST-o (c) JCOPE2 MM filio 1/12 FERST-o

146

W23 bHZ EATRBENDHERTH %,

4, LETKF AT 2 B L ICEH L 2o, Thz
WME & L7227l 2 BaRAT v, i RARZTIS X B i
HEDOBIFERE L (B2). 1 # HOPMKREZ R
e, Ty TUTIMIAES XSO E I TE LD
OO, EINEDO B L EOM %MD A (B 6
). e ddbzlsh (EFREomn) &) mic

(@)

35N

2016/04/05

134E  135€  136E  137E

2016/04/19

A v
139E 141E

A
138E

134E  135€  136E  137E 140E

2016/05/08

34N
33N
32NE

31N

J

301 T
134E

N
141E

N T r
133E 135E 136E

2 B 1 AR PO, HHIE LETKF20 X ¥ N—7
YH YTV, RERE JICOPE2 Fills €7V O i lliL i
T 155 BE D ACE A B O R 72> SR U720 SRR PR
HUC X Bl #EEEEE 1AM ORBIIEY 2 RT b
DTHY, AEHEGEUHRETRTRL TS, (a) 2016
EIHSHZMEE L2Ya04 s HYUHE R ()
SH1I9H»H4H 19 HO VIR )4 H8HA”HS5H

137E  138E  139E  140E

COO10A, JbfE 33 B 13 4 WU 136 J 41 4%



HWERY I 2 L — FFrNEE — Barth Simulator JAMSTEC Proposed Project —

BT, JCOPE2 % M2 FllFEEA R L7z (X 2b,c)o

AW BTHESE L 72 Filll 2 A 7 & KFSJ %, 2016 4
3HAMS 4 HI2h Tiib 2 ki EsEER (X w ) |
12 & %5 365 UAitifEH T OHEI R C0010A (X2 Hiod Jx%)
B2 mEEESTFINCEN L2 [5. [BEwH] I2X5
HGBIHEr S BB E»RMEME LT, 3 H29 H2 S 4
HeoeHFTomm#EM, 4 H7H»54H 15 HF Tol
FHEW, 4 H16 HA2 5 4 A 24 HE TOFERBELAFRD S
n7z.

KFSJ &, il & gl omm s iliE il c & 2245, i)
ORFHINZ DOV TR ZDHIIE PR TE 0D, it
A RIS L 72 [5]e W ERH S, 3 29 HICEF
W A o 7z B B o Bl As 4 H 7 HURE S &
WCHOWHEE TEELEROB L ZAELLSELZIOL
HEW X N7z, WEPEMIR & LETKF AT i (143) 2
5. 3 H 29 HIZE NN & 5 7 B o #E e i o 3R
WEAS LETKF AT CIlZ L D EH < RBLE T Wiz Z &
bhoTze W EERABRNCIZ, Z O R E NI IS
THREHFRD LT (KL, fHERE L CTRITICK
WX e Ao 720 — )7y Himawari-8 #1f A REAE (X
4a) 21X Z OB RSB 1 2 28 BRI E T 7298,
LETKE f##H il (X 4b) 123 ZF N T shs 2 &
F . 29 L2 EAMRRE o7l 2 A+ 45 % K g
L7z eEZz 615,

Ens.Mean T(deg.c) 200m 2016/03/29

36N

6 7 9
3 2016 4E 3 A 29 H® LETKF Ml 200m 7Kl (5 & B
1 ¢ MFE) o U LETKF M7 S35 U 72 S it il o
AL JCOPE2 fRMTEIC & A Wi, SRR EIC X 5

LIS

10 12 13 15 16 18 19 21 22

ssthimawari8 composite 20160329
' N V., a8

el |-

SNTIZ9E 130 131 132F 133 134E 135€ 136E 137E 138E 139F 140 141E

(b)

sstenkf composite 20160329

305N{ £ e e

B X . ¢ | P

129E 1E 132E 133E  134E 1E 136 |7E 138E ;JDE 140E 141
4 2016 4F 3 H 29 H DI KiL. (a) Himawari-8 1 H 2 ¥R
¥ Mo (b) LETKF f#HTfitic

ER

RWFFEIZ 35T HAT O RBET 2 3% & LBl
77 Y% Y T AP AT L EHEE L, — 20Tk
BAEBT 5 EATE R, REEIE, S [HE ) ]
X B BB CH S kS &, IR 220 2 4 —
WAUNE CEER (R N E X ) BERICHRTE 2
55 2B IR ME T ETH B,

o

AW BT % Himawari-8 i 1 KR 7 — 7 OFIHIZD
WCIE, FHE MU IR S 0 & OZEUE [T —
¥ OUWREETIVAOBA & FIHEE GEME) ] 12X %
bDOTH b, T2, RUIEIZBIT BIEN L T ORT
2 MREICEITT A 720, MU OFRE 27 ST NERE [
L AT R B P RN AN 7 SRR R E T v S DI
WEgE) Wz, Fea i (RERIE) [ ion pi ke B 7
VI 72 BRI E 7)) > 7 OIS HWESE LR
WKCBWTHHER Y I 2L =92l L7z IRELSD
CHARIEHB L T %,



Annual Report of the Earth Simulator April 2015 - March 2016

SCHR

(1]

(4]

(3]

B. R. Hunt, E.J. Kostelich, and I. Szunyogh, “Efficient data
assimilation for spatiotemporal chaos: a local ensemble
transform Kalman filter,” Physica D, vol.230, no.6, pp.112-
126, June 2007.

T. Miyoshi, Y. Sato, and T. Kadowaki, “Ensemble Kalman
Filter and 4D-Var intercomparison with the Japanese
operational global analysis and prediction system,” Mon.
Wea. Rev., vol.138, no.7, pp.2846-2866, July 2010.

A. Jordi, and D.-P. Wang, “sbPOM: A parallel
implementation of Princenton Ocean Model,”
Environmental Modelling & Software, vol.38, no.12, pp.59-
61, December 2012.

Y. Miyazawa, T. Miyama, S. M. Varlamov, X. Guo, and T.
Waseda, “Open and coastal seas interactions south of Japan
represented by an ensemble Kalman filter,” vol.62, no.4,
pp-645-659, April 2012.

BB + v 7B & w ) | OO DMHERTH (13)
F Lo (k)

http://www .jamstec.go.jp/aplinfo/kowatch/?p=2568

148



HERY I 2 L — Z TN — Earth Simulator JAMSTEC Proposed Project —

Application Study of High-resolution Ocean Current
Modeling toward the Frontal Wave Prediction

Project Representative

Yasumasa Miyazawa

Authors

Yasumasa Miyazawa
Toru Miyama

Application Laboratory, Japan Agency for Marine-Earth Science and Technology

Application Laboratory, Japan Agency for Marine-Earth Science and Technology
Application Laboratory, Japan Agency for Marine-Earth Science and Technology

To investigate predictability of smaller spatio-temporal scale ocean current variability including the Kuroshio frontal waves

as compared to the larger scale Kuroshio path variation, we have developed a new ocean current forecast system using the Earth

Simulator, ‘Ensemble Kalman Filter for South of Japan (KFSJ)’. The system reasonably represents the Kuroshio frontal waves in

Enshu-nada by assimilating the high-resolution sea surface temperature obtained by the recently launched meteorological satellite,

Himawari-8, and achieves the first operational ensemble forecast of the Kuroshio path variation south of Japan. It basically

outperforms the current operational forecast system JCOPE2 for representing the Kuroshio path position as observed.

Keywords: Ocean current forecast, Kuroshio path, Kuroshio frontal wave, Ensemble Kalman Filter, Ensemble forecast

1. Introduction

The Japan Coastal Ocean Predictability Experiment
(JCOPE) promoted by APL, JAMSTEC aims at investigating
predictability and mechanisms in the ocean current variability
around Japan such as the Kuroshio larger meander together
with the applicability of the forecast products for the human
marine activities including the marine transportation, fisheries,
and offshore industry. Recently it has been realized in the
literature that the sub-meso scale variability with the horizontal
scale, O (1 km-10 km), plays important roles in the engineering
applications, ecosystem variability, and material transportation,
in addition to the mesoscale variability with the larger scale,
0O(100 km), which has been targeted by the ocean current
forecast studies so far.

The ensemble forecast based on the high-resolution ocean
model is effective for investigating unknown predictability of
the sub-mesoscale variability, which might be quite sensitive
to the uncertainty involved in the initial condition. The Earth
Simulator is definitely necessary for development of the
high-resolution ensemble forecast system. Developing and
establishing the new ocean forecast system will directly lead
to applications to the marine engineering and the marine bio-
geochemical studies.

In this fiscal year, we developed an ensemble Kalman
filter analysis/forecast system (Ensemble Kalman filter South
of Japan: KFSJ) based on an ocean model with horizontal
resolution of 1/36 degree south of Japan. The local ensemble
transformation Kalman filter algorithm (LETKF) [1][2] is used
for the system. We conducted data assimilation and ensemble

forecast experiments targeting the Kuroshio variations south of
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Japan for a period from October 2015 to March 2016.

2. Methods and data

An ocean model with a bottom-following sigma coordinate
based on the Princeton Ocean Model is implemented on the
Earth Simulator. The Massive Parallel Interface module is
included in the original code [3] for full utilization of the
available computational resource. The model covers a square
region south of Japan, 28° -36° N and 128° -142° E, with 47
sigma levels. Bulk formulae using some atmospheric data
provide from the NCEP/NCAR reanalysis data calculates
momentum/heat fluxed at sea surface. Sea Surface salinity is
relaxed to the monthly climatology. Staring from an initial
temperature and salinity distribution obtained from the JCOPE2
ocean reanalysis data with no motion, the model ran with
relaxation to the reanalysis temperature and salinity from 1 July
to 9 October 2015. Lateral boundary condition was provided
from the reanalysis data.

The LETKF analysis and its subsequent ensemble forecast
operations with 20 ensemble members were conducted
repeatedly with almost weekly update of the LETKF analysis
with 2-day interval using the available observation data: sea
surface height anomaly data obtained from Jason-2, Saral/
Altika, and Cycrosat-2 satellites, sea surface temperature (SST)
data from the Himawari-8 satellite and NAVOCEANO MCSST
data archive, and in-situ temperature/salinity data from the
GTSPP archive. The analysis/forecast operation involves no
relaxation to the JCOPE2 data.

After trial and error, we have fixed some LETKF parameters:

observation error (0.03 m) and composite period (6 days before
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and after the analysis date) of sea surface height anomaly,
which are much sensitive to the initialization, in particular, the
Kuroshio path position. The other parameters were same as

those described in a previous study [4].

3. Result

A comparison of the Himawari-8 SST composite, SST
analysis snapshots of KFSJ and JCOPE2 indicates that KFSJ
represents the Kuroshio front shape more similar to Himawari-8
as compared to JCOPE2. The skill of 50-day lead forecast of
the Kuroshio path by LETKF basically outperformed that by

(@)

Himawari—8 SST composite 20160218
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Fig. 1 Sea surface temperature around Enshu-nada on 18 February
2016. (a) Himawari-8 composite. (b) KFSJ analysis. (c) JCOPE2

analysis.

JCOPE2 (not shown). However, ocean current validation at a
fixed point (a Chikyu drilling point: C0010A, 33° 13 'N 136°
41 'E) showed that decline of the ocean current magnitude in
the middle of April 2016 associated with passing of a frontal
disturbance was not well predicted by both LETKF and
JCOPE2. We need to improve this defect by further adjusting
the LETKF parameters and/or other factors in the forecast

systems.
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