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DU TEND, DL D RHEEREA~OMBREEDOEAIL,
MBI MBS (seismic oceanography) & FREN, UI4E
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2001) AVD, ZOT7+T—REFTY VTN, Va—
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JBOBMEHE B2 DKELBEEICK LT, WBEIZ
BEINEZERND, RUKEBRCRBEINZF T2y
N EEHE x OZ IR CHIEI S h A T IR RS A(x,1) &
BRERLEZY, LPLARBL Y a—TF ¢ » JIREER T
A= PEREBRDERTHY, A7y NEMEE FR
ICE 2T, ZRICHIST DT A X EIBET H T
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REHERR I DB, ZCHEBERRE 28T 5201,
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BeaL - B0 -8R R - RE - A7 0 HERIEETISR Y D KT OBERIE RS OHEE 511

— X TR TORILA QIR 2720, Bk
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LTW5% (Nakamura et al., 2006), &2/ T —&
1%, XCTD 2 & » CTHRER 1000m F T 1mERICEE &

NIEEEST—ZThs, ZTOEBEEYL, LUTORRK
(Wilson, 1960) (Z& > CHEEE~EHE LT,

vp =1492.9 +3(Ts —10)— 6107 (Tg —10)2
—4-1072(Tg —18)* +1.2(S —35) (1)
—10°2(Te — - Z

1072(T wxs3$+/&

S IT, vp IEEEGEE, T KR, SIESRE,
ZIRREETHDH, (1) RUCL > TELNFIREEEE
Hh, 10m BEDOMEEAVWCEEETALEER L,
B 200m fiFE ik 80 EAOHAE & I R 72, TBR
3om BEOREERE L KEEBOBEBROEE (Fig.1a
OFRH) %HDBZENTED, i, BEIXETTNVNT
—EEE Lz,

Fig.1b [ZZ DETMIZ LV RD b /- &R iEe
Bt A7y MEEEA Om 5 10m B EIZ 500m %
TD bl Fx ), FEEREEZY 7YV THFL
msec fE(Z Omsec 75 700msec £ T (701 7)) &
Lz, £/, BEMHE LCHRLEARE4O0HzOU v b
—Ux—7 by b xiz, FiglbilB8WT, Ert
vk hL—RD 0.25sec fHEICERD HILDRKEA N
X, TRFE 200mfHEotEE (Fig.la OFKHE) HH DK
R CH D, ZORFEIIA 7y bR Do T
FENKEL 2-oTRY, ARAIZL KRGO
NDELLET IV IZENTHAEZ ERNbnrd, Z0L)
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and Stoffa (1995) , Velis and Ulrych (1996) , [
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AE =E(m,)—-E(m,) (2)

AE<OOL %, HLBERENE AT A—5m, &
A MICZT ANS, AE >0 D4, Metropolis i
ERIENDFMMEEICL T, ZOETANTA—F
m, 2% AND NENZHWT 5, Metropolis F&HEIE
BRENTZET N NT A—F DR ZTE U TR 72H
WL LCRESND., ZORHEIZL - T, BREIN
TEETNNRIA—ENRYEMTH->TH, FrxohiHk
RIE->TEBTLILENTE 272D, BTN D OB
HRFIEEIZ /2 B, Z DFIEIEL Metropolis-SA & & FEIZN
b, MBINTZET NRT A—2|ZBKT 5K Prob
X Metropolis FHEIZ L W kK TEEIN D,

Prob = exp(— &j
T

CZTTIHBRELMFEINE T A—ZTHYH, ZOfE
MR EVE EBEMA~DOEBBEFEN R E V, BET (34
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DERRIZB T DIRET, %, RO X 5 e feBn HEETH
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Tk:TO exp(—TC~k) (4)
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ERHTHHEEE L T\WD7, ZoHEEFATS
Z LTI T A OITH ORI e g A 55 Z L

CHEETH D, L, MERENMETESHEE0, mE

HWENET X DHAIIE, —EMao 2 BETRD S OfiH
DEREEIZRY, TR —PUR L ZFEEDOET LT
A—ZPWT U b REfE T D RIEIZ AV, —F, #IHA
BEZEmS, REARELERETD L, =RV F—IN
WADFEa X MBRERICZRD, ZDOXHIT, SA %
HT 20 H 7> TUIPIRECH AR E O 5 2 F A EE
Thbd, —MIZ, PIENRE T)CwEEE T, O 72 H
i3, =3 — E(m) OFRICEEL TV D L EbhT
BY, TNENOMEIZT L TT A MNEITo TGRET D
DOR—MEHITIH 5 (Sen and Stoffa, 1995),
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ZinHET VUV SN KA HIERER L, BllFEE L O
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DEICEETD (BAIEH, 2002),
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(a) Acoustic velocity structure observed at the boundary between Oyashio and Kuroshio Current (Nakamura et al.,

2006). (b) Synthetic seismic trace obtained from acoustic velocity structure using our ray-tracing based modeling

method.
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ai - ai + ﬂi (ai,max - ai,min ) (6)

ZZTB e[l Oy FiEOEBEERTRY 5 B
LIRME, & BEOTRIETH S, B3, —HkELEK
u [0l LEARRE T, bRt E SN AEKTH Y, AR
BENRBENDIZONT, LV/NISRETART A—
FOEE (RT v TR) ZREEMEZRFFO,

B, =sgn(u, —0.5)T, HH/T)W ! } (7)

CDEICAT vy TRERE LIEGEICIIEEEX
70¥ L (Ingber, 1989) & MEEiL, @ D SAELY
HTRNF —DOIRFRNE, ZOXIICLTEES
Nal &, BYOBOEWEELADETHLREST
WRTA=Zm L, MERVHEECLZ 74T —
RET UV 7 ORHERSEEY GKT 5, T LTEKS

Toiigk L BRRE D = XNV —DELAE & (2)
HUS LV FHE L, Metropolis F¥EIC L >Tm, 257 A
NOENENEHET 5, ZOBREZREERETY, =%
E—BINR LIZEETOET N NNT A —F M %5k
FERET D,
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Fig.2. Survey line of multi-channel seismic reflection
data acquired off the Kii peninsula (solid red line).
Kuroshio Current flows from southwest to

northeast running across the survey line.
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Moore et al., 1990; #51FE7> 2004), & HITZ DU TIX
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AA=T T LERIRHRESN TS (Tsuji et al.,
2005; Nakamura et al., 2006), L/ L72B356ZbD
TFFRIZBN T, B EREOHEE £ TIZIZE ST
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1km 3% D CMP X% ¥ —|22W\T, 3 DD EERKH
WA KIS EIER LT, CMP EATEICE SV -l E
T AT o 12, & BICERBOFTIREE Z EEHH» 53R
o ZOEIICLTRDE 1km BEOXMEREE %
Xa—E oy I AT T UMEL, 2 RTEERHEZS-
(Fig.3a), ZOXMOFHHEES A5 &, FEANZAN
WZONTHFREEOHVENEL ST 5, Zix, BB
MTHDERFIESICONT, KOBENEL 2D,
T RESEINT 5720 B2 6ND, Z OEEMRTRE
BEZHVWT NMO #iE2fT-7-%, CMP E&, T2
R a—vay, A7 b—a 28 L COREEmE
M%7~ (Fig.8b), 0.3sec 75 1.0sec £ TIZA A—
VI ENTWAKEED, WA OMEMMESE LR L
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3.2 TN z—TTA—LAVN—=DaVICKBER
HELBEKEEDOHTE

A TIIAELBEEZRELTEY, CMP ¥
P—%Tay hFry¥P—LARLT, 120 CMP ¥+
P—IZH LT, 1 RIETINV T =—T T =LA =
a U ERMEA LT, A A— 2 7 &7z Fig.3b O KT
Kizk s L, KEmoEsiTsa 05° LFTHhy, K
YL EEZRE LI FiEE +ofcE s 2 LB30h
2. & CMP Xy HF—Z oW TEET 5 & 3 EER Y
KIZHDHZ &R0, KEFRITHEEMZE AL EE{L LN
ZEMND, ZZTiE 1km 8D CMP X v —{ZoWN\ T
AL R=Ta VETV, EOFREREPNEHRE L T 2%t
B RS A 1,

A R—=T 3 OPIET VIR, CMP EAVEICE
SFEMMTHER (Fig.3a) 2RV, AT —ZITE
WA I 2— b L7=%, 60Hz LibEZ 1 v b L,
0.3sec DV A > FUIREAZFD AGC @A L= b D% A
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(a) Interval acoustic velocity model obtained from the multi-channel seismic reflection data using conventional

velocity analysis. Southward-dipping structures are distinguished. This velocity model is used as initial model for

inversion. (b) Seismic profile from multi-channel seismic reflection data off the Kii peninsula. Finestructures are

imaged from 0.3sec to 1.0sec.
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REfE] 7 R D S fiFREIT, HIEHE % 1500m/sec £ 55 & Fig.4. (a) Input source wavelet for inversion. (b) Acoustic
%1 0.018sec T 5, HIE o 25km HiS 0 KK velocity model from inversion result at CMP gather of
’ ° ) . - ““A 25km overlaid with seismic profile. The velocity structure
12, 0.2 BEVEBORKMEOHERITE N2\ is in a good agreement with the seismic profile.
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Fig.5. Acoustic velocity model from inversion result. Acoustic velocity model is converted in time domain and overlaid with

seismic profile. Lateral resolution is 1km and resolution in time is approximately 0.013sec.
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Fig.6. Temperature profile converted from acoustic velocity using an empirical formula. Average salinity in empirical formula
is defined to 3.45%.
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Fig.7. Synthetic data constructed by FD simulation.
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Estimation of detailed temperature distribution of sea water
using seismic oceanography

Shohei Minato*, Takeshi Tsuji*, Takashi Noguchi**, Kazuya Shiraishi*3, Toshifumi Matsuoka¥,

Yoshio Fukao*4 and Gregory Moore*5s
ABSTRACT

We propose a new method to estimate a 2D detail temperature distribution in the ocean from seismic data.
This method is based on a combination of Simulated Annealing (SA) and fast waveform calculation methods.
In contrast to the local optimization methods, the SA enables us to optimize the model parameters with less
dependency on the initial model. We applied this inversion method to multi-channel seismic reflection data
acquired around the axis of Kuroshio Current. Since the survey line was oriented NW-SE direction, we can
obtain the velocity / temperature structure across the Kuroshio Current using the seismic data. The 2D
acoustic velocity structure derived from the inversion revealed that the multi-layered structures are dominant
in the ocean, and these layers are dipping toward the current axis. We estimated the temperature distribution
from the obtained acoustic velocity using an empirical formula. Furthermore, we investigate the effect of
random noise on the inversion results. We contaminated the data derived from the finite difference method by
Gaussian distributed noise. We observed that the estimated velocity contrasts tend to get large compared to
the true contrasts as S/N ratio decreases. This suggests that one of the reasons for the large velocity contrasts
in the obtained acoustic velocity profiles could be originated from the observation noises.

Keywords: Seismic oceanography, Full waveform inversion, Simulated Annealing, Oceanic Finestructure,

Kuroshio Current
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