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Research on Analysis Methods for Ocean Acoustic Tomography data
using the Kalman Filter (ll) - Coupling Scheme -

Tomio Shinke®"
Yasushi Yoshikawa®" Humio Mitsudera®" 50

[ An analysis method for ocean acoustic tomography (OAT) data has been studied using data assimilation technique to the ocean
dynamical model to explain ocean phenomena observed by OAT in accordance with physical processes. The method reconstructs the
ocean structures by a data assimilation technique using the Kalman filter after relating the stream function of the two-layer quasi-
geostrophic model to the propagation time of the OAT data. The resulting OAT-derived dynamical ocean phenomena enable us to
study the physical processes from the OAT data. In this paper, we introduced the coupling scheme linking variation of sound speed to
the baroclinic component of the model, and evaluated descriptiveness and reproductiveness of the scheme for the sound speed field
measured by CTD. We also showed the relationship between the shift of the Kuroshio extension and the average sound speed of an
acoustic ray that propagates through the SOFAR layer derived both from the OAT data and the result of the sound propagation
simulation on the model field. The present study demonstrated the feasibility of the application of the coupling scheme to the OAT
data analysis.

Key words : ocean acoustic tomography , quasi-geostrophic model , data assimilation

gooooooOoooopoooooopoopooboo
gooooooOooOoOooooooOoooooopo200gooo
gooooooOooOoOoooOooooUoooooooooobobo

00 Advanced Technology Research Division, Oki Electric Industry Co., Ltd

OO0 Ocean Research Department, Japan Marine Science and Technology Center

00O International Pacific Research Center , Frontier Research System for Global Change

169



100000
O0000oO00UooOoooooATOOUO®OOUOD
oo0o0oO0o0o0o0o0ooooooooooooooooo
gooooOooOooOOoODOODODODODDOOODOOOO0OO0O0
0000000000000 000000000o0oog
O000o0o0ooUooUoooOoooooooooo
200HzOOOOODOOOOQOOOOOOOOoOOooOoo
0001996300 00000000000000199570
000000000 Yuan er /019900000000
O000Oom¥@Poioo0ooooooooooooo
go0ooOoOoOoooooooATOOOOOOOOoOood
goATOOO0DOODOO0ODODOOOOOOOODODOOOD
ooo0ooooOoOO0ODOODODODODODODODODODOO
O0000o00oooooOoooOooooooooooon
000000000000 00O0ooOoogOodata
assimilation0 0 00000000000 O0ODOOCOODO
0000000000000 o0oo0ooooooooo
go0oOoOoOoOoOoOoOUoOooQQGUUuUOoOoOoOooOod
0000000000 oP@wWoO000ooooATOOODO
0000000000000 ooooooooooog
000000000000 0000oooooooooog
goooOoOoOoOoOoOoOoOoOOOOOODODOODOO
O0000o00oooooooooooooooo
gooooooOoOO0O0O0ODODOO0O000O000O000
oooooooo0OO0ODOO000000DO0O0000O0O0o
oQGUUIIOiOOoooooooooooooog
Oo0o00oooooooooooooooooooog
00000 (coupling scheme)J OO0 O0O0O0O0O00OOODO
gooooOoOoOoOoOoOOOODODODDOOOOOOO
O0o000oO0oooooOoooooooooooOooo
goooOoOoOoOoOoOoOoOoOoOoOoODOUOOoOoOoooog
0000000000000 000000O000000
0000000o0oo0o0oo0oooooooooDooog
gooOoOoOoOoOoOoOoOoOoOOoOOOOOOoQGUOO
oo0o00oO0oooooOoOooooooooooOooon
ooooooOoD0000o0o0o0ooooooooooo
goooooOoOoOoOoOoOoOOODOOODOOOOOOO
O0o000oO0oooooOoooooooooooOooo
oooo

2000 QGO O OO0ODD Coupling Scheme®™

0D000000000000000000O00O00ATO
0D0000000000000QGNOOODNDNONOO
000000000 0000000000000000
0000QGDOOODNONDNDOOONDNDNDOONONNODO
0000000000000000700QG00000
0000000000000000000000000
0000000000 0000000000000000
O000OATOOODO0O00DNDOOOOONONNNONOoO
0D000000000000000000000000
0000000000000 O0CTDOOO00O00O0O
0000000000000000000000000
0000000000 000000000000000

170

gbobooooooboobpoboobobooboooo
gboboboobooobogooo

21000 QcUOObObUobuooooooobogon
goATOOOODOODOODOOOOOObOObDObOObOO
gboboobooboobooboobooobomoobgon
gboboooobooboboboboooboooooono
gbobobobooboooooon
gobobobooooobooooooouob g oo
nooooooboooooocmuoooouooon
00000 0oO0ooOoOOoooogoggsesoooog
0écoODDDOODODOUOOnOOOODOOODO
gbobobm@ooro2e0b000

8C
551:1(6t,.++617:)—_~— Czds+eiﬁ
2 . Cr),

Ap
oD

aC
aT

]12$+q-0)
; G

000+0-0000000000000000000
0000pO0000000DPOOOOOOOOOO Seale
height TOO O OO0 Do O -@ /0 7Zp0 000000
p0000000/0 CmOO000i000000000
00000000000000000000O0e 000
0000000000000000000000000
00000000000000000000000n70
000e 00000000000 ®I6¢000000
000000000000000006¢000000
0000000000000 YO0O0OOOO0OO00000

(@) =Xa, ¥ (). (2)

J

gboo-000o0ovoobooboobobooooo
udbbe DOO0OO0DDOO0Ooooooooooon
ubbe O¥YOOOO c00000000000000
0000000000 Cornuelle 0 (19850 WO O OO
gboboobooobooboobooboobooboo
OO0O0EOFUIOODOOUON U OHowe O (1987)20 QG U
gbobobooobooboboboobobooooo
gbobobbobooboobooboQehobooboooo
O00e 0000000000, 000006 Cz00
gbobooooooboobooboboooo

2.200 Coupling Scheme [J [1 [J
210000000000 00DOO00DO0OOOOOO
p 000000000000 O0OO0O0OO0OODODOOO
gboboboooboboQQeuobuobuobooboobooo
goooooooooo
gooooooobooooboooooooooDi1ooo
gooooooooooboooboooooobbooobo
gooo0o0o0oDooO00obOoo0obooooobooOoooDo

JAMSTECR, 40 (2000)



Kuroshio
- axis

North I South
0 OO —
I North .-~
o - o
ao0} Ist layer a00k :‘
|-
- | [ i
‘-\_\ -
= ana} o= oo} |
=1 \\ H
5 - ] ;
F ‘:
2 1200t 1200f
[ 2nd layer
1800} 1500}
2000 0 N : ‘
a0 35 EL L P R T 1520
Latitude (° N) Sound speed (m/sec)

20
T _ g
L8 L
EE 30
T 2 a)
£
=)
0 20

= F
5 . - —
S E 1000¢ "
] L b) )

2000— =

b
‘%E’ 1476
EE - \¢—/b_‘/\_‘\_4
2 —1484 | ¢) F
el . ' L s L L L L

39 38 37 36 35 34 33 32 3] 30

Latitude (* N)

03 OO03(@s25E)000000000000000O0O0000OO

01 gooooooOooOoOoOo0ooOoOoOoOboOOOO0OO0b0OOoo0OO

Fig.1 Two layer ocean structure model (left) and sound speed profiles at

north
and south of the Kuroshio (right).

uboodbonUe O0O00O0O0O00O0O00O0O0O 10
gboooboobooboobooboobooobog
gbooobooboomuoboooboooboobooon
gboboboobooooobobooboboboooo
gboboboboboboobooboobobobooboo
gbooooobobobooobooboobobobooo
goooooQeUOOoOnO0DDOOOS cOODDO
gbobobooboboboooboobooboboboo
006 coOoODDODODODODDDODDODODODOO

gbooboobooocerpbogbogmeggt 40 spooon
goobocrtbpbobobogoooobooo2200o0ooooo
Ubo0oDb103000 145°E0147.5°E U152.5°E0 0 0O

CTD data from R/V Mirai MR-9803  cruise
( April - May 1998)

|

M0 E 150" E
Longitude

Line 1:145.0" E
Line2:147.5° E
Line 3:152.5° E

02 MR-9803 00 000D CTDOOOOO40 -50 199800
Fig.2 Location of CTD measurements in Kuroshio extension at MR-9803

cruise of R/V Mirai(April - May 1998).

JAMSTECR, 40  (2000)

looomO 0000000

a) Dynamic height (0/2000dbar) versus latitude; b) vertical section of
temperature (the contour interval is 2.0 deg. C) ; and c¢) sound speed
versus latitude at 1000 m deep along the line 3 (152.5E).
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versus that at 1000 m deep. Solid line indicates straight-line fit and dotted curve indicates

quadratic-polynomial fit.
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Fig.10  Stream Functions of a) layer 1 (the contour interval is 0.2); b) layer 2
(the contour interval is 0.02); c) baroclinic component (the contour
interval is 0.2); d) barotoropic component (the contour interval is 0.2)
at day 120 derived from the two layered QG model. Lines a, b, ¢, d, e
and f are the sections of sound propagation simulation.
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Fig.11  Simulated arrival patterns of sound propagation at subpolar
(along line a), Kuroshio extension (along line b), and subtropical
(along line ¢) (from top to bottom) at the baroclinic field derived from
the two layered QG model.
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Fig.12  Simulated arrival patterns of sound propagation at axis-100km
(-20grids), axis-50m, axis, axis+50m, and axis+100km (from top to
bottom) along line d at the baroclinic field derived from the two

layered QG model.
Axis position (y-axis)
-400 =200 4] 200 400
677.5— v o r v 4 T : 1
q
ki Line d : Arrival ume =-0.0024x+677.2
677.01 Line e : Arrival time = 0.0024x+677.5
Line : Arrival time =-0.0024x+677.1
e
. 67651 dio
8 et
2 fi*
2
E 6760}
=
2
<
675.5F
675.0F
674.5 L A Y n L . L L L
0 200 400 600 800 1000

Axis shift distance ( km )

013 goo0oooo0boooooOo0obooo0nb 000 do,
O0e+ ODOf*
Fig.13  Last peak arrival time versus axis shift distance ( y-axis) at simulation
line d (solid circle), e (plus), and f (asterisk).

goboboboooboooooobooboobooo

gbodiboboooooooborzooooobooo
gnooboooooooboobobobod y=-100km0O
gbooooobobobobobd y=-50kmd y=0km[
y=50kmO0 000 y=100kmO 00000000 OOOO
goboboobooboooooboobooboobooboboo
gbobdBgbooboooooobooobooboboo
gbobooboobobooboboboboooboo
goooobobobobooooosokmbonoonQ
goobodbolzseelOOOOOOOODODODDOO
gbooboobooboobobooboboobobooboo
gboboobooboobooboobobobboboboo
goooboobooobooboobooooboooobooo
gobobooboboboboooooobooobooboboo
gboboboobobooboboboboboboo
gbooobooboboboooobooboobobooboo

JAMSTECR, 40 (2000)



gooooooobooobboooobbooooog
gbooobooboobooboobobooboooboo
gboboobooobooobooooboobooboboobooo
gbopooobobobooobooboooboboobooo
gooood

500000
gobobobooooooQehiobouoouoboooboon
gobobobooobooobooboooobooboboobooo
gbooobooboobooboobooboooboo
gboooooboboooooboboboboooon
SOFAROD O 0O0O0O0O0O0DbOoO0ooDooooooobn
gboboobooQeuboboooobooobooo
gboobobooooobogoon
gbobobobooooooboooboobobooboo
goooooboobooooooobooboboobooo
gboboboobooboobooboooboobobooo
goooooooooooooooooooobon
gbooobooboobooboobooboooboo
gogoo
gooobooboobooboobooboooboo
gbobobooboobobobobooctbobooo
gbobooMRrR9g3 OO0 0000000000

gooo

1) Munk, W., and C. Wunsch : Ocean acoustic tomography -
a scheme for large scale monitoring-, Deep-Sea Research,
26, 123-161. (1979)

2) J00000000DO00DOOoDObOOoOobDoooon
gobooobooobooboboooooboogooo
gdz2oHzOOOOODODOOODOOODOOOOoO
goobobobOn34,103-113.(1996)

3y 0000000 0DoO0OoooOoOoOoboOooo
goobooooooobbooooobooooooo,s3,
13-19. (1995)

4) Yuan, G., I. Nakano, H. Fujimori, T. Nakamura, T.
Kamoshida, and A. Kaya : Tomographic measurements of

JAMSTECR, 40  (2000)

10)

11)

12)

Kuroshio extension mender and its associated
eddies,Geophys. Res. Lette., 26, 1, 79-82. (1999)
oooo0ooooboOooboboobooobOobboo
000000ooO0ooooooooDoooooon
0030-00000000000000-00000
goodtligdooouooogooon, 93-96,
(1999)

Pedlosky, J. [J Geophysical Fluid Dynamics : second edi-
tion, Springer-Verlag , 416-424. (1979)
oboob0ooooDbhobooboooooboo
obooobooboobboobOooooboobooo
ooonmooooooooooooooooooon
000000000000 DO0DbOO0bOOoooogn
O00D0O0DO0O0O0O00O0O161-167. (1999)
oooooboooOooOboboooooooboo
00000000DOOooooooooogo (no
0oo0oooooonoooDboobooooooas-
46 .(1999)
gboooobooboooboboooooooboo
000000000000 DO0DbOO0DOOoooogon
Joooooogo. (1999)

Robinson, A. R. and D. Leel] Oceanography and Acous-
tics : Prediction and Propagation Models, AIP press , 88-
89 (1994)

Cornuelle, B. D., C. Wunsch, D. Behringer, T. G. Birdsall,
M. G. Brown, R. Heinmiller, R. A. Knox, K. Metzger, W.
H. Munk, J. L. Spiesberger, R. C. Spindel, D. C. Webb,
and P.F. Worcester : Tomographic maps of the ocean me-
soscale. Part 1 : Pure acoustics, J. Phys. Oceanogr. 15, 2,
133-152 . (1985)

Howe, B. M., P.F. Worcester, and R. C. Spindel : Ocean
acoustic tomography : mesoscale velocity, J. Geophys. Res.
92, C4, 3785-3805. (1987)

000o0oo19990801000

177






	15. カルマンファイルターを用いた海洋音響トモグラフィデータの解析手法の研究(II)－カップリングスキーム－
	1. はじめに
	2. 二層QGモデルにおけるCoupling Scheme8,9)
	3. カップリングスキームの評価
	4. SOFAR層に着目した音波伝搬実験
	5. おわりに
	参考文献


