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Data Assimilation N’

Data assimilation is

a procedure that subtracts information from models and
observations, and combines them as an optimum
estimate.

The aims are

1. to obtain optimum initial condition for prediction

2. 10 obtain optimum boundary condition

3. to obtain optimum parameter (parameter estimation)

4. to understand phenomena with 4D data set (reanalysis)

5. to estimate observing system and develop optimum
system (through OSE/OSSE/sensitivity/SV analyses)




Total System is Important %
(GODAE)

see “GODAE Implementation Plan” at http://www.godae.org/

NwWP
centers

Data Assembly raw data

Centers
(floats, dtimetry)

measurement

network Ope ratlon

SST products; Or ResearCh
i Feedback wrt
Atmospheric
fielzs %ﬁ% Observing system surface flux
5. design and products
ent

7 JS.ESm\

 Data quality/errors

<«

GODAE
Data Servers

GODAE
Product Servers

Products
e

Data; error statistics;
metadata; dataproducts;

J 39 Middle users
data 1 08° Jent .
agg\;Sé ) aPrsggg:nent GOD (mal n Iy
Application sﬁfgéﬂ?éd deli\c}:f; ReseaI‘Ch
Genters Research Community)

Product
delivery

Sources of GODAE Users of GODAE
Legend: O Inputs Q common outputs

Product assessment \ Users/¢ GODAE End USG rS




_~\edoi~

@ GODAE

Modelling/Assimilation Centers

imitiadinad Mxmwﬁtm : T on 16—06—-2004 near 0 m
135 180 —135 -840 —45 O

08

cf. GODAE Implementation plan

Australia : (BLUELINK): Regional Australian
seas to Global Ocean

m Japan (COMPASS-MOVE projects, ...):
N.Pacific to Global Ocean

m US (ECCO, HYCOM-US projects, ...):
N.Atlantic and Global Ocean

m Canada (Fisheries and Oceans Canada)
m Europe (Mersea Consortium->MyOcean)
— ltaly (VMIFS) : Med Sea

— France (VIERCATOR) : N.Atlantic & Med Sea
to Global Ocean

— Norway (TOPAYZ) : North Atlantic to Arctic

— UK (FOAM) : N.Atlantic / Global ocean to
Northern Shelves
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Japan GODAE partner

Status of Japan-GoDAE Partners 2006/05/01
Group Kyoto Univ. Frontier Kyushu Univ. Frontier (FRCGC) | JMA/MRI JMA/MRI JMA/HQ JMA/HQ
& Jpn Mar Sci (IMRP) (RIAM) & Tokyo Univ. MOVE/MRI.COM-NP MOVE/MRI.COM- (MarPredDiv) (ClimInfoDept)
Foundation & Kyoto (Res. Syst.) & Fisheries (Res. Syst. & G
Univ. Hirose Agency JMA-next oper.) (Res. Syst. & COMPASS-K ODAS
(Res. System) Yoon J-COPE2 Usui, Tsujino, JMA-next oper.) (Oper. Syst.) (Oper. Syst.)
Ishikawa, K-7 RIAMOM & (Res. Syst.) Fujii, Kamachi Fujii, Yasuda, Kuragano, Ishikawa
Inn (Res. Syst.) Fisheries Miyazawa, Matsumoto, Ishizaki, Ishikawa
Awaji Masuda, Agency Yamagata Yamanaka Sakurai Soga
KU-JMSF Sugiura JADE(FRA) FRA-JCOPE Kamachi Kamachi Takaya
Awaji Yamanaka -
Forcing NCEP2 NCEP2 ERA40 NCEP2, QSCAT NCEP2 NCEP2 JMA-NWP JMA-NWP
JMA-NWP ERS-1,2 wind ERA40 ERA40 JRA25 JRA25
Reynolds SST JRA25 JRA25
JMA-NWP JMA-NWP
Data Jason Jason Jason+ENVISAT Jason+ENVISAT Jason+ENVISAT Jason+ENVISAT GTS-T,S GTS-T,S
GHRSST GHRSST GHRSST GHRSST GHRSST GHRSST Jason+ENVISAT Jason+ENVISAT
GTSPP GTSPP GTSPP GTSPP GTSPP GTSPP ->T,S (correlation) ->T,S (correlation)
TAO-TRITON TAO- TAO-TRITON TAO-TRITON TAO-TRITON TAO-TRITON GHRSST GHRSST
Argo TRI Argo Argo Argo Argo TAO-TRITON TAO-TRITON
TON Argo Argo
Argo
Assim. 4DVAR 4DVAR Kalman Filter 2DOlI 3DVAR 3DVAR Multivariate 3DVAR
(OGCM- +z-correlation (SEEK-VAR (SEEK-VAR -scale dependent (Derber & Rosati)
ADVA +IAU -TSEOF, IAU) -TSEOF, IAU) -4DOI
R) ->3DVAR 4DVAR 4DVAR Nudging
(CGCM-
4DVA
R)
Others Coastal OSSE Finer scale Coastal Metrics Metrics Next generation: Next generation:
(Future Metrics (N & (coastal ?) Wind-wave (N.Pac class-1-4) (Eq. Pac, Class-1-3) MOVE MOVE
Plan) Eq. OSSE OSSE /MRI.COM-NP /MRI.COM-G
Pac, Sea-ice Indian Ocean Seasonal Forecast
class-1- (Wind-wave) Seasonal forecast
3) (High-tide B.C.) Global OGCM for
(coastal?) IPCC-CGCM

Regional OGCM
For IPCC-CGCM




Ocean Data Assimilation Systems

Q@ED in Japan Meteorological Agency
" & Meteorological Research Institute

Global Western North Pacific

Initial Condition for | Initial condition for
EINino & Seasonal Ocean Forecasting
Forecasting around Japan

Operation JMA ODAS COMPASS-K

(simple) 3DVAR 4D0T

Research MOVE/MRI.COM

(Next Operation)

Multi-variate 3DVAR [Multi—variate 3D/4DVAR
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JMA-MRI Ocean Data Assimilation System:
MOVE/MRI. COM B

MRI has been developing ocean data assimilation systems (MOVE/MRI.COM:

Multivariate Ocean Variational Estimation).

Aims

1.

Sl O

Optimum Initial Conditions for operational forecasting in JMA
Ocean Climate: Seasonal - Interannual (EINino) prediction
Ocean Weather: Ocean state estimstion & prediction around Japan

Analysis-reanalysis (3 types) for understanding climate variability:

Western North Pacific : 1985-2006+ (0.1deg) 1full-time+3part-time+4oper
North Pacific : 1948-2006+ (0.5deg) (1full-time+3part-time)
Global : 1948-2006+ (1.0deg) 1full-time+5part-time+3oper
Reanalysis dataset will be opened through JMA Japan GODAE server and
IPRC/APDRC data centers for contribution to international intercomparison
projects under GOOS/OOPC/GODAE and CLIVAR/GSOP

OSE (OSSE, SV analyses with 4DVAR-adjoint system)
Coupled atmosphere-ocean data assimilation for S-I prediction
Coastal application for disaster prevention



Five Assimilation/Prediction Systems
( oper. three systs.)

MOVE-C with atmospheric model

Global Model-1
MOVE-G <}X1 deg. -
2 1/3° tropical regior
Lat. 0.3(Eq)~1 degree 54 Layers)
Lon. 1 degree

50 layers

Nested—1 N-Pac Model :
15S-65N, 100E-75W
( 0.5X0.5 deg.,
54 Layers)

MOVE-NP Nested—2 Kuroshio
0.5x 0.5 degree Model :
54 LH}-’EI‘S 15N—-65N, 115E-160W

(0. 1X0.1 deg.,
54 Layers)

" {60E 180 160W 140W 120W

100w 20w

Nested—3 Coastal Model

m mesh, aygr
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JMA-MRI Ocean Data Assimilation System: Ejg:é
MOVE/MRI. COM NG

MRI MOVE/MRI.COM (Multivariate Ocean Variational Estimation) system

OGCM: MRI.COM (MRI Community Ocean Model) (similar to MOM)

Method: Multivariate 3D-VAR

with vertical coupled T-S Empirical Orthogonal Function (EOF) modal
decomposition with area partition (control variable: amp. of EOF mode)
horizontal Gaussian function (inhomogeneous decorrelation scales)
nonlinear constraints (dynamic QC, density inversion)

bias correction

Source Data:
Satellite Altimetry (TOPEX/POSEIDON, ERS-1 &-2, ENIVISAT, Jason),

SST (COBESST or GHRSST),
insituT &S (GTSPP, ARGO, Tao/Triton, drifter),
with QC in each data centers
Atmospheric forcing (NCEP-R1&R2, ERA40, JRA25)
4DVAR, Quasi-Coupled AOGCM 3DVAR
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MOVE/MRI.COM-NP and -WNP

— North Pacific model (1/2° x 1/2°)

DOW

Western North Pacific model

Vertical 54 levels

05,15,4,7,12, 18, 26, 38, 50,
66, 82, 100, 118, 138, 158, 178,
200, 222, 246, 270, 300, 330,
360, 400, 440, 480, 540, 600,
670, 740, 820, 900, 1000, 1100,
1200, 1350, 1500, 1650, 1800,
2000, 2250, 2500, 2750, 3000,
3250, 3500, 3750, 4000, 4250,
4500, 4750, 5000, 5250, 5500 ) S
[m] > 0e 130E 140E 150E 16bE

1000 2000 3000 4000 5000



OGCM: MRI.COM

o vertical hybrid of z- and o- coordinate with free surface

e turbulent mixed layer model Noh and Kim (1999) « = 15.0, m = 300.0

* horizontal viscosity: biharmonic Smagorinsky
(Griffies and Hallberg 2000):

c* =125

» heat flux bulk formula (Kondo 1975)

e tidal boundary mixing (St. Laurent et al. 2002)

* local Laplacian viscosity on steep bottom topography (Tsujino et al., 2006)

e Sea ice model

- 0-layer (no heat content) sea ice & snow (Mellor and Kantha 1989)

- Elast-visco-plastic rheology (EVP:continum) (Hunke and Dukowicz 2002)

Ishikawa et al 2005 Tsuiino et al 2006



) r j,,f’_ ?rr;-,-‘\___.
Cost function in MOVE/MRI.COM A

Multi-variate system: horizontal inhomogeneous Gaussian, vertical T-S EOF .
Optimal amplitudes of T-S EOF (y) are calculated by minimizing the cost function (J)

with a nonlinear descent scheme “POpULar”.  Model insertion: IAU

Analysis Increment is represented

by the linear combination of the ~ X(Y) = X + SZ w,U Ay, Amplitudes of
EOF modes. | EOFs

Background Constraint

I =L T Y B o [Hx) - x T R [Hx) -]

1 _ Constraint for
— [h “h[ RYh —hY
+5 o) P T Ry -h Jratyy - COTEEERE O
Constraint for SSH observation

Analysis
Seek the amplitudes of EOF modes y minimizing the cost
function J.
— Analysis increment of T and S will be correlated.
Fu'|ii and KamachiI 2003aiblc
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% Model domain partitioning

-

Partitioning MOVE-NP

N

EOF modes are calculated for each
subdomain.

NP:
North Pacific
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T-S coupled vertical EOF modes

MOVE-WNP partition

Normalized difference of
blue and red

Mean profile (red) ->
Upward 50m (blue)

temperature salinity

temperature salinity

500 -

depth (m)
depth (m)

1000 |

30E 140E 150E 160E 170E 180 170W 160W

1500

0 3 6 9 1215 18 34 342 344 346

temperature salinity temperature salinity

1st BC 2nd BC Mode characterized by mid-

1900 I 0 05 05 0 e 1500 I 0 05 05 0 e ™ depth salinity variation




% Example of Coupled T-S EOF modes

EOF modes representing North

Pacific Intermediate Water (NPIW) TS Climatology in the
vertical section of 155E
30N-35N  35N-40N  40N-45N
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This mode represents

Low salinity water of NPIW — cold water 16




Model insertion:
Incremental Analysis Updates (IAU; Bloom et al. 1996)

0 /2 - 31/2 27 51/2

forecast. JAnalysis Forecast run:
' Ox(t
i W) _ M)
‘IV 'lf 'Ir wlr \l! wlr forecast A”"”YSFS
i AU run
‘IV v ¥ ‘I' ’l' ¥ Iforecasr Ana;‘ysis a);gt) — M [X(t)] 4 g
I T
| Correction
vidd il

term

Assimilation cycle in AU (t:assimilation window)




GoDae Salinity effect (with Argo float)

i ; o .
< r Salinity impact on the dichothermal structure
'qui“\w)" ]
1997-2002 mean Color: Temperature Contour: 0
With salinity correction Without salinity correction
Temp. and Sigma_theta _. Temp. and Sigma_theta
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Oyashio in subarctic gyre

Owyashio Southernmost Position Ovashio Area

Latitude CN)

Oyashio Area (x10*k'

Temp(100 M\io
m) " Satellite SST(NOAA@2005/2/3)
(2005/2/1st R i S
10dayS) 44N 14 L { ‘m'i*f
42N {10
a8
40N -
38N 1 -_ l |
36N ; ( . 5 . i
138E  140E  142E 144E 14BE  148E

Color:MOVE-WNP
Red:5°C(COMPASS-K) Gray:5°C(Obs-0l)
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(MOVE)
Independent Obs. (ADCP)
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Comparison with Umisachi buoy #1(2000-2006)

MOVE vs USbuoy #1 current

us1
velocity
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T T "
2000 2001 2002 2003 2004

T
2005 2006
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241 e e M
North-south I LAY B L 100 L
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Transport (Sv)

Transport (Sv)

Kuroshio 45N

volume transport
A0N -

35N -

Eastward transport
100 T T \ \ T T T
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volume transport spectra {SVE}
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Examples of Water Mass in the North Pacific

Mesoscale eddy and water mass North Pacific Intermediate Water

(2000/10, vertical section along 144E) Salinity-min. (165E, 2000/4 and 9)
Kuroshio (subtropical) and Oyashio (suhpolar) waters

/
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) OHC (mean T) and BLT (1349-2005) Eq. Pac.
m

BLT (color), SST (29.0deg.,
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Interannual variability |m|
@ (Time series comparison with HOT Station ALOHA) ,/"\
| TempﬁLO %!Upret ) HOJe §§“ALOHA¥5W;~)

l ) | »ll!,:l 5!

07 E'E | 5 o

§ L i
11 iR T '! AR

i Rl I | ‘E 5 i Ul Tl
6O fp v I (R L I A : :

LA Jlfa: il 25 2 '| 1

.] b |‘! ' I| | RS iy
| 20 [ :I | -
i

oo 8 A .:fﬁ_" fli eof LA ( i F")-, i ila‘ '# |
180 h f::,;.” I. EI. '_|E-F 'IE_E;:Ell ;Do ,! M“] f‘ ” ﬁ” ~ ““ /uw N !

i

200
990 1992 1994 1996 1998 2000 2002 2004 2006 1990 1992 1994 1996 998 2000 2002 200 2006

e)

Obs.
(ALOHA)

il 35

( } MOVE-G (T rnp ratur 22 5N, 15? 5W) 8 (d) MOVE..G (S ﬁ nity: 22, 5|\| 157 5\'1.")
. T ‘ ] ' " T e T

MOVE-G

90 19:92 . 2006 1990 19:'92 E: 19‘;;54 19;6n 1:995 20002002 2/054 2006
1997/98 EI Nlno drled near Hawaii 9 h| her Sallnlt (Lukas, 2001)
Interannual variation of the suBtroplca| gyre ZNaRano et a| 2008) 5



Example of water mass analysis

using reanalysis dataset

Temperature (degree )

Water Masses of the Pacific Ocean (MOWE—G — WO ADT)

ENPGW ESPCW

Water Type
(Mean value in
1949-2005 vs.
Climatology)

Take mean in time

->

Take mean in each region
and

on each density surface

WATER TYPES AND WAT

35 Shh
Salinity (PSL)

ENPTW: Eastern North Pacific Tropical Water = j-h =
ESPTW: South N .
ENPCW: Eastern North Pacific Central Water M
WNPCW: Western e
PEW: Pacific Equatorial Water B NN
ESPCW: Eastern South Pacifc Central Water  *
WSPCW: Western

Emery 2001

0

1507 1507
E 1207 180" 120 W W 807 30

i N

i z:\ ’

-' -. o)
[~ EastS Pacific \, e
" Transition Water

Matsumoto et al 2008 B
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COMPASS-K
(former Operational Ocean
Assimilation/Prediction System
INn Japan Meteorological Agency)
Success of 60-day Prediction _
of the 2004 Kuroshio Large Meande =i i

Fic. 1. Tide stations and the typical paths of the Kuroshio. Thin lincs are S00-m isobaths, The
lines of PN and TE are CTD linea of the IMA Nagasaki Merine Ohservarory®s: 15 Maze, 23 Makano-
shima. 31 Mishinoomete, 4) Odoman, 3) Aburaisu, 6) Keshimote, 7) Uragami, %) Miyake jima, 93
Hachijo-jima. nNLM is the nearshore non-large-meander (NLM) path; oNLM is the offshore NLM
path: t1M is the rvpical large-meander (1M} path.

k] Dt
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AONY. - 25 HN - 25
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1 1
B.S 0.5
30N {5 - > 20Nt o
B.1 .1
120 140F 150E N
B T
Assim/initial state (2004/05/09) Forecast (2004/06/30)

JMA Japan-GODAE SERVER http://godae.kishou.go.jp/



D SRR VD REE =2

EERRREVEES  EROEE EANE THSNEREIA UDRESSREDN 4° oneotR0 8 Rl KRS
VKIVEIEOME 53U TR H5° SROEENER X MIRMMLBe HOBRUPRLLS B MEREY KR
210 (EBKED) B ECUREHEE (BR RORISEVIESEE DUSHEL ER01 HQEMEHL KES DIRHOWT /D
BEOBY EREA n° BHEQREA—- I (TR .Y HHEL RN EXEES ¢oEv° SHbER< ¢ EBORRS
S UREONRER LORO BREAL HUCKINELOLS 1 [HEDIREEN YEROERY N~ MIEUPRROY
OPEHEIRLY B ERIS0° DR & KBS ROKEHOH oouBeR” CHEY (BIE) eV K RO ERPC
WEIRURNKROERNE Bolmng” BRI [CHSIILE VNSRS ON SRR SEREE JRIS) VD
S ERPCURERY OUEEELY THR BOKWY SEMOR 11855) VARG JREUALER I PIe°
BOLLIE° Kb OE(BKEwoohD NERBOALN0R SEEPSEY £X BUNEREIIEXE (MESEE)
RV EFIEHERKE #RVie 21 VBV OMKERERTL RUEQS RECKER
IR SHNEOHES  RMRVEN MR CUDRR (ROE] 510° SHOKDHEO REEUHEO EPNMS
QEHVSNE’ B B RIUSIEEY OREIEEBKEVY HOXEDUawos VINMCE
QERES BED 1 BRMKEOAKN ANEIRERIISA8S
REOLSISS [H NEK KUl SORBV° £

y BRI

5 e
g
E /| .
a o SeS
H-UE
% & NE=
N & AN
\ = | T S Ty S =
£, CO 1a
S o —
W_e ______ .............. . mrﬂ/d.._“mm
SS 5 g2
mmm = N 00T LW
o3E

140

E

138

Press Release
(Kuroshio Large Meander)

136

1348
SHABRED R D HEE R

2004/05 -> 2004/08

}zﬁ%wzrg

iLis36E %
dL$E34 %
dtia3zE &
JL#30E

Kuroshio large meander’s influence
to fisheries and shipping industries

JMA called societies attention to the
etc. in May 2004.
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Prediction Rreal state (aSS|m|Iat|on)

I 10 Jul ‘}DB’- 11 20 Jul ?304 31 31 Jul ?304

P

MOVE-WNP
(0.1 deg.)

The small meander propagates
east-ward and develops in July.

“MN2BE 130E 132 138 136C T BE 130E 13%F I34E 136E 138E _1 2 DE 132 ; 38 =15

1=10 Aug 2004 11=20 Aug 200¢ 3 2131 hug 2004 =14

The Kuroshio has a large
meandering path (tLM-type in
Fig. 1) in the middle of August.

eMany features in the real state d
(development of small meander, Ly Pre |_Ct|0ﬂ“ o 2131 0 2004
the period of rapid growth of e ‘

meander, amplitude of the >
large meander, etc) are S
successfully predicted. —
.It iS because the Seed Of the : Ilf‘ﬁf r.'anr 132 :-J..: T‘Fs ; _T' 12 f"“ . E 136E .. : - '_:Erlli‘SF I.'aﬂl' '3 \]J:‘ 136E .-
rneander rs prope.rl.y assimilated 10 hug 2004 ” S 12 ks 20 NN
in the initial condition. — ;
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Horizontal velocity (vector) and temperature (color) at 200m depth



Prediction of the Kuroshio axis
north-south variation of the axis at 138°E

Position of the Kuroshio axis

straight

|

Latitude (deq)

l

meander

AGSIT] e
Forecast

1997 1998 18349 2000 2001 2002 2003 2004

Predictability

«Straight to meander : OK A+
Meander to straight : prediction is a bit earlier

*Sometime stronger meander



JMA'’S new
Operational
Forecasting
System
(everyday,
Real time,

2 months
Forecast)

Predictability (single prediction)
Time

evolution of SSHA prediction error

RMS error (cm)

30

0

— - T T 1 T 1T *© 1T ©v T T*T T 'pe I\‘Sls't T T T
forecast =—

_/ Mean SSH variability = 15.

3cm

0 10 20 30 40 30 60 70 80 90

Lead time (day)

*Predictive limit of our system is roughly 40-60 days. This
fine resolution model is better than ¥4 deg. model

*Predictive limit is much longer than the persistence.

eThe spatial distribution of SSH RMSE shows the largest error
south of Tokai (pointed area in Fig. 11).

*The largest error reflects the faster eastward progression speed

of the meander as discussed in Erevious.
[ ]

eEnsemble prediction is better.

10 day

30 day

60 day

38N T

RMSE (t=1)

RHSE (t 3)

3TN
36N
35N 40350, BAZE

33N
]

32

F1M

F0M -

28N+

2

M =
128E 130E 132E 134E 138E 13RE 140 14ZE 144E

JEN T

RMSE (t=84)
; R

5H e -
128F  130F  132E  134F  I3BE  138F  140F  143F  144F

3TN~
36N~
J5M 13

J4N 1

F)

138E  130E 132 134E

135E  138E  140E

1438 144E

34




Analyses of mesoscale eddy near Taiwan, roles of frontal wave in the East China Sea,
small trigger meander, baroclinic instability on the Kuroshio path variation

USUI et al., (2008a,b,c)

36N

34N o
? prediction
bl 4. Barocliniciistability ->
32N - oo ' / Large meander is generated.

-

‘e : ,"‘ = o~
%N} 4 The trigger meander is gemerated.

30N = o | odicti
,'/:_:’ / rediction
* & 3. High-PV water is supplied southeast of Kyushu
28N - | / and accumulates there. !
26N 1 i 2 M frontal wave is generated and propagates with

high-PV generated around the continental shelf etige.

L.l v

24N .
1. An anticyclonic eddy collides with the Kuroshio east of Taiwan.
124 128E 132E 136E 140E 144F

These proposed processes suggest an importance of large-scale GODAE producs
for reproducing oceanic conditions in the ECS and southern coast of Japan.



Data Server

BNEARGOOS Regional Real Time Data
ase
NEAR-GOOS %

Regional Real Time Data Base

http://goos.kishou.go.|p/

among the participating institutions in
ional pilot prajoct of the Glabal Dcean Observing System (GOOS), and it's being imple
+#f Keraa and the Russian Federation

JMA Japan-GODAE LAS serves——————
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@ Summary & Future/On-going Research <=~

1. An Example of operational/research systems of JMA and MRI
ocean state estimation
Kuroshio prediction

2. Future/on-going directions
OSE type leads estimation/reconstruction of observation
Ocean-Atmosphere Coupled Data Assimilation
Coastal-shelf sea application
Interaction of wind wave and current

Earth system model (coupled physical biogeochemical and
ecosystem, with atmospheric model/assimilation)

Reanalysis & Prediction with 4ADVAR adjoint system

37



On-going developments

Present systems

Coupling | Global Copled A-O Assim
Global Warming, Sl-predicti Global,1°
0 arming, Sl-predictions (Glo ) m MOVE-C

Ocean Climate: (N. Pac, 1/2°)
Ocean Weather ](W.N. Pac, 0.1)

12 x 12155 ko /v Global:1/12°(10km) MOVE-G2

50N Local weather-climate model

40N | _ (strong currents, Frontal structure)
- Finer

i resolution Regional:1 /60" (2km)

ﬂ Coastal ocean (Storm surge
forecasting for disaster prevention)

_ i oy,
1006 12 180 160w \140W 120w\ 100W  8OW

Coastal:1 /120" (1km)

23/350AUG2004
" Typhoon 23,in Aug.30, 2004 /

4 __/'
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65N 7t

2:: | 348N
50N 1,
45N1[
40N 11

Regional = ssxf
(1/10711km]) .

(Forecasting
around Japan

590
E

35N{1 & el 330N

30N o -

336N 4 N

5 Sep 2004

33.3N4

30N ey
SN :-@'/

4N F.
JE 170E 180 170W 160_;5&-%

33N

: . 321N N i . - :
2 , ..-‘I -|-| ;H_L'_-j[ = Forecastiﬂ‘?l . & - T\ i ] eGnc( 130.5E 131E IJII.SE 132E 132.5€ 133E 133.5€ 134E 134.5€ 135E 135.5€ 136
assimilation Kuroshio Large Meander b o e o o v o




@)Appendix: 2004 Kuroshio Large Meand bV

Analyses of eddy activities, small meander, baroclinic
instability to large meander

1. From Taiwan to East China Sea: Frontal wave

2. Developing and stationary conditions of small meander
south-east of Kyushu

3. Developing to Large Meander with baroclinic instability as
a necessary condition and a diagram of sufficient
conditions




	Slide Number 1
	Outline
	Slide Number 3
	Total System is Important�（GODAE）
	GODAE �Modelling/Assimilation Centers
	Japan GODAE partner
	Ocean Data Assimilation Systems �in Japan Meteorological Agency �& Meteorological Research Institute
	Slide Number 8
	Five Assimilation/Prediction Systems�( oper. three systs.)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Cost function  in MOVE/MRI.COM
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Temp(100m) (2005/2/1st10days)
	Slide Number 20
	Slide Number 21
	Comparison with Umisachi buoy #１(2000-2006)
	Slide Number 23
	Examples of Water Mass in the North Pacific
	OHC (mean T) and BLT (1949-2005) Eq. Pac.
	Slide Number 26
	Example of water mass analysis �using reanalysis dataset
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Press Release �(Kuroshio Large Meander)
	Prediction
	Slide Number 33
	Predictability (single prediction) �Time evolution of SSHA prediction error 
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39

