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11 AEEN EEBE

B T AL S 5 - WSS Y 2 2RI I 72 R O SR o S R
T 272002, RGBT - LT B EIETHEIC 5\ 0T 2012 4E & 2013 DI~
I ZNENE 4 ARIOBHEINZ S L 7. T, WEERMNHE JCOPE2 % 8R4tk
& U 7258 EIEERE 7L ROMS Z2 a7z 4 B A B IC K - CHIAE R % i P HIGE
e LT T v 2 AT, ARSI OM RS GRS T oIk, FERZER
TOWASHE, BEOZNSDA A=A LZHSMT 22 L2 AN E L 7SR % %
L7

1.2 PR E

BTN 2012 48 H 10 H~11 H 1 H, 20138 H9 H~11 H 14 HIcFHE L 7-. #
HITEH 3 ADCP 12 X AFEHEENES A, CT F = — v\ X B8040, W - K6z, SR
T—FTh5, BT, ROPEERREZERL 72 2012 4F 17 5 (JELAWAT), 2013
175 (TORAJD), 185 (MAN-YD) %#&®, PFHHAICEHIL 72 6 oG EEIZ, &
DESEIAE S ShiERA O & Z iUl ) BiFUE0RER LI 2 EE R T—5 X v b
ZHEST 2 Z L, R T o 2NCBIL TR, 2012 AERERIE 3 BRR A BT X B
FINHFEIERE 7 UKCEHREE 600 m) %, 2013 FEEIZZ 612 5 B2 A F 2o 71
BT TN (OB 120m) ZBIFEL, BBRERLICHE D IAROMERGEZAL E, HhAE
iR D EERE: & Z DJFERIC W T OFEN 2T 2115 77,

1.3 EELHIZERR

BRI 7 — % & X OV P AIRE TOUIC K D, BEESEICHE S REIRZ KGRI N B
&, BUCHJBADTREVAE ) HEEEAIC X 2RI BIR Tl <, JWNES - UERR -
FNiE - flPGEZ SO TA L Tek 2 &, ZOEH) Y — V3ZHZHE ) #E +
LY R, BRI X% 7 < VERICHE) In s, SR e 8IS S A (RS
Bt & 25 & BIC X 2O B g EDFGBEE L Twb 2 LR E2W60
L7, 7, HRABETMWAC X - T 2013 FBHABHRIC B 1 % HDAE T hiiE & & Ok
SRR N 2 BIRCFOBR DA G, AREATHRIEICN L T 40%~ETH D, FHHA
WDmERE X OWERIY DFF SIS 2 2 &7 £ 2 BAFICH S 2T L7,
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3. B EGEBICHE ) BAKIRET L EFERE
B2

31 2L ®IC

5 EGEE AL S BRI, WIS ORK, F74 F X vy 712k b TKE #H3,
Langmuir &7 & DB X > GIRERBOMERG LI N5, 20 X 9 LimalRro
MRERREZ L2 28T 5 2 LI, A, S IR A OIS, WA REEREIAS
LICEES 2 Pl EZ2 1A X85 ECEE L 25, ZNFE T, ZRRHCET 2EEREOR
GO\ TUE, FISHFAEBE RS DOZ(IC X - T U 2 $hEA RO - IR E D
Tz BZIE, 7S, 2009). L LA, BJEEE 100 km DOEEZ RO KKEHE D D
KLDWTH 2720, HE G2 598 %% 2 % TR ZARSNEREADZLE T Tl k
{, AV A —)VOHEIE, B ZI3MEUCEE) =7 < Vil rh s RE 5 ShiEiRE A,
AN R 7 &2 0T 2 2 L IFTE 2R\,

AWFETIEARNAERIOIE T AL EEIREE (K-3.1) Z2X58isic, 2012 429 H
RS & L, GEEERHC BT 2 ABROMEERSEZ IO TCEBIICEHE T 5 2
ExilA D, AHTIIACHIGEZ A LT e & e T 2 ch D, Hhmlic L
DINED & DS 7 FIVHNHEDOVRENEE IR PR L T 5, 207, Sk, WE N
VRS, GRS X DIFANE D =EEE L, MRS ERIVEL 3 2 E 3T
%, ¥7, 2012 £ 9 Ahfa)p 5 10 HWHANCNT T3 DDEE (16, 17, 18%5) 2WEHAIC
BEdH 5 \0ix FREL, K2 10T X ) ICAREEIC B W THEE AR T 2 $ 72 5 L 72 (Baba
5, 2013). ZDIHH 175 (elawat) 13, AV ETHLAE 905 hPa FTHIZEL 72D b,
9 H 30 H 15 RpE I FE O 5500 CRIRRI LI AHr 2 @ GEbER o H0y5UHE < 965 hPa,
BOREGE 35 m/s, ZRJBUSARE @ #9200 km), [A] 19 IRFEEEAIRHIIC B W CORwAEE LT
AP EREL, AN CTHGfE - BIR - Hdb~db L7z (K13.3).

Z ZTARMFETIE, KRT GPV-MSM FHET 7 — & 2 RIS RS IS WV 72 3 B A
MZk BTV R =0 v JUFREETIVERERL, 20124E8 HH2 5 10 HRETD 3 » AR
RGN & U 7RO REIR RIS BT 5 SRS BESER 2 1T . BT — 2 L oL
2L CTETFILVOFHBWERERT 2 &£ & HIg, BEEEICEE) fofREEINERIC B 215K
TETOA D= ALZHEPICTZ I EZHNE TS, ARETIFRRHS, 3 OB EOERERHC
X9 2 SST (MERIFILE) €7V LT EOF M2 U, FiizKiaZsEh ¥
—Y7ZH L, EOF €— F LT — FZBREfHT % 7291245 EOF £ — FIZWIRd 5940
EEFNRA AL OWTEERZITH1-DT, ZOMBIZOWTHRET 5.

3.2 BT ETIL
AWIETIE, 3 KOS — 2 A% A AT A ASEHEO VRN - T 27 A
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Fa () LKA (BT —).

JCOPE2 (Miyazawa 5, 2009 ; RIS 1/12°) ZeplBiisett & L <G 2, fElkiET
EBRETIL ROMS #R—R & L7z 3 B3 AT 4 v 712k D, BNlEO N2 EE
Lo, ACPZERFEE% 2 km (ROMS-L1) = 600m (L2) = 200m (L3) ~EXAHELL
SWIACHLEIRRES Y v A=) Y THREE T VR L. (X-3.1). &8, L1-12 €
TOUIEEE S I L 2P NISE 7V GEHllc DLW TEAILS, 2012 25 DT,
AR & WERR) ZHWTED, IPEEIRREER L3 T T W INZ2 I 6I12h ) —BESY Y
VA=)V IR DTH D,

AWZETIE L2 B X L3 EFLOFEREZ H 225 L2 FEEI3 P 480 kmx il 288 km (1%
FH1% 800x480xFATH. 32 ), L3 1ZHPH 153.6 kmxFiL 153.6 km (768x768x$HTE 40 J&) TH
%. L2, L3 &I, ¥ RIS OWTIZRERT GPV-MSM O 1 ItilE, Z Oftufdh 7 -
v 7 22D TE COADS D H36g%5E, SST (2% AVHRR-Pathfinder 7 — % & HEHEA
foefitiz 5.2 7=, L2 BIERONEERR A TPXOT7 23kGRAIE RN X 21y % 5.2, 1.2
> L3 [TIE L2 D% 3 ZOthNCRFZENfi§ 5 2 L ic kb, WY E2 St mfs
7'V L3 TSN NMERE I 7z, SIRNICTRA T 2 —FamI (L1:29 A, L2:27 A, L3:
2A) ZEEL, MERWNE - MEELET—I =2 ([WIHE) ok 10 FEHOH
SR 52 72, L1, L2 #1213 JODC-JEGGS500 7 — % % SRTM30 7— % THiisE L 72 b D
%, L3 HZIC IR I i X 2 RFE S0m, 150m, 450m D7 — % ZHHA5E
L7cb DAL 72, $hESLRE 7OV 3R - R oMEREION % KPP 7L
ZH, HROEENIZE L 2\, L1 EFLIE 2003/1/1, L2 EF0IE 2008/1/1, L3 BTV
12 2012/8/1 2SEHEZBIR L, 2 F Nt Ay 7y 7HEZFIT 05, AiffjioE
PRSI 3 (B B OB % & 2012/9/10~2012/10/9 DFY 1 » HRITH 5.
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33 FFEHER

(1) Fo 25— v 7T LVoBERE

WP T 7L (JCOPE > L1 > L2) OFHMEICOWLTIIHEHROED TH D, L3 ET IV
B L CTHIZIZFERRZFIEZ MR L T s, e LT, ARRILEERARIZB T 2 KRDHE]
HE OKEERAGIIZEL v & —) LEMEED IR % X2 1R, LI~L3 €7UiE 9 HLUED
FEHIN 2 KRR TEA 2R TE WA 2 05 (K32 ). F—2 Rk
JCOPE2 i, forward €7V Td 5 ROMS &L D b 9 HHOEIIEIZEN DS, w2 10 HLARED
R, F72, WRANOKIROME, BERAE (K326) b L Tn»was 2
EDMERI NG,
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10/5/12:00 JST) .

(2) WHEEBRRIZBT 3 KEBUKT

2012 5£ 9 A HAGDEZ2 8 L 72 3 o & BofEE %2433 129, B 16 523 b
Fe7 s L 72 9/16 DAEDRY 15 HEZ BT, fit iR s O EREKIRD S 2°C i
T2 &0 ) RN IR EIRRDVE U T 5 (X-3.2), Z oo FaE 72 & (X-3.4),
%9, 16 SOMEIEES T 9/15 225 9/18 I2HF THEAV> SSE JADYAE U T %, 9/19 DU, &
)13 NNE AN L, #6E3 % 2 DB (927 ISHRERT L 72 18 %5, 9/30 (AT % 165
L7z 17%5) O¥ELRZZTOOh, 20K 30 HiEICH 725 T NNE JEDMERF S T 3,
BIRUFED ¥ FEGED ¥ — 2713 9/16, 9/25, 9/30 ICHIBIL T3,

ZOHICET S L2 BT X 2ERIKIE (SST) OfIRZA(bZX-3.5 1R T, i
T 5% 3fEOBRDFEE R Sk D, MR, SRS T AT SST IR ML T
W3, 4 28°C FEEETH o 7 IR D SST 13 26°C FEE £ CHiAR N L, 917 \[SuNEE
D5 BBAGEIZDN T TIAET 5 24°C AT Ok, i, 25 B sl %
FET, 10/5 (ZISRREMEE, KREGBIEL T3, W2 KRR D ICimE I 15 2 Dmkit
13, ZHZH1T 915 95D SSE AT & =7 < ki X > THNEERE T4 U 72ihE
Y D DTH D, T, FREED T CAUMDWHRTIE XY A —L, 7RV A7 —
IV S B 7 SST 2y U T3, PUE - H4EME X OHEIGE TIE IR HRT D
DAY A7 — )DL S 1, ZNZ DO TIE SST 2MEIKL T3 Z &
5, ERKUEERICHE ) WA X > THKIRZTZR L Tw 5 2 &Y%, JUINEED & 5
BAGEIZDN T TOWPF T, EEE20km FREDY 7 XY 27 — )VIKihsFE L T b, 2
NS DB T ERSAE, T8, FLOUGBICE WTINT L 726K 2 TR L oo b, Bl
I X BRIRIC K > THANIE I N, FEEIRFED SST 2K I Tw5, 9/30 I
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-3.6 ROMS-L3 (T & DA ERinFRicIT 5 () RBEISTHE, (f) SST O R
fill (2012/9/29).

%31 LU REEAESS (B-3.7 1250 EFRELESAO EOF £E— RIZBIT 5 375-2R.,

T— K1 T— K2 — K3 T— K4
cLv RAEY 81.0% 4.2% 3.0% 2.0%
Mo REEL 25.5% 15.7% 10.4% 6.5%

E—7 %67 556\ NNE BUZRE ) IRFEBA-IC X - TP NS S Ad i KGER T D
SST K FAYEL T Bk T 5. ffEEIRFEICE T 2887 SSTIR M, Z
NSDHRNVEELI-HDTHD EEZ NS,

L3 € FIIC & B EREMERITATRHREE & SST D 929 1281} 3 HEEfED A F v 7> a v b
#[X-3.6 12T, PUEEEERICE, fAOREEICIEOR\ IR Z b O3 %2 1R U s L
TED, WHLo SST IkEAEMRClEE C, ERAEER TR R I N0 3,
Z NS DIMISEIT E N A THEBRBE KSR - Tk S 1, fofEA1a JEmE) -~
WK% FEURINICHRE L T %, [RITIC L % &, 2012 4F 9 H o B 3 A FAI, S,
FHI-C 12 H %208 U CEIREMIC & > 72, BRI ISACOTIGE D & AREA DI HE D ]
INB7D WIZIXHR), WA SO BRI ER L2 OEEDTER S 4, SST
KT 2RI DEEZOND,

3.4 EOF f&Hr

A TRl U 72)Ai7e SST (K PR Z EEINZEHEL, ZDKA A =X LIZOWNWT
WEd 57280, 12 EFNMIE 3B SST F—F 120 LT EOF f#iT2175. SSTF—%¥~< k)
7 A% h(x,y;f) £3UL, EOF T CldZ DIEGEREZ I 2 L2k D

h(x,y;t)=§en (x3)-. (1)

D& 12, mEADHRZ EOF €— FIZ h BRI IS, 2212, el(x,y) * [EHBHL (EOF,
HN7IZ°C), c, ()« REEEEE (Fh5y, fER00), n: E—F&H5TH 3.

9 Hpa)D 6384 T 2 ) AN IR L 2 TSR & § 5 70, 12 E7)VIT X 5 2012/9/10
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IBEREIICEAL S IEICHIML T2 2 o, WiaeAE%2@E 0 T SST 238 3
52 EHEHRLTCWS, EOF €—F 1 OYHEE— R, ¢ & SST DFYEREIZLHR 4D
FF—ET B D5, SSTHIEFL Y FORIE2ELTWaEEZoNns (K39 1),
—J, o FEFHICEIT S SST ofpPalmERt (K-3.8 ) ERERICZLLTED, &F
HHRY 81% <, JAESST ZAbD KB 23 L T\w»%, Zd SST L v FidZii
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day day

E-3.8 (/) T— N1 W#EBHE-—c & (F) BB 5 L2 7 /ML D SST (SR AR
I GEEBLTEAR) .

WERSEZINE L T0 3 (K-3.10). T74bb, 910~109 I TAIRIHMETNL, &
BIEES I GEBEOFE), SHEIAEERBUIIER L, FREEUIMET (BEOA
Zft) LCws, IREEFESOM LY (K39TF) 212 L, A LoUkE S
AE TR EADEZ R L TE D, SHhiEEAD LI N CEHiEED T L S FEL T Bk
T35, L7ehd> T, Rl TIAE D YIS ENC X >TSS £ 0, ShiERAG M
SNTRAEWHEL 25 L), EDSHANDBHADKMEI NIz bDTH S,

TLT = Do LY F2ERE L TEOF iz fro7z 8 25, =P 1in7—%Ic
BT BE—F2ICIFTBI—EKL, FAMRCE—F2E3, ©—F3 & 412IERICEIFZHH
B o N7z, ZDIRRDEFEGHRIIER31 OEHTH D, JuT7—2 1T % EOF HRXE—F
IBEIAENER T 28 F LY P o 0iEEZRL, FL Y F2E0EFGRITE»T N
s, B EOEIHNZRA XY MW L CIIEE» OEETH S I LRI NS,

T—F2 (K37, X311 ) 2R%E, HEEE XOROUKEIZEWLT 9/17 25 925
FCICAMIC SST MK « ERLTWAB I E2¥%9h 5, H, H s> & PUERIC
DT T FIBARTIC SST DA & 2y U v 3, WSRO (X-3.7) 5 X O
# (X301 ) 26, E—F2 &4 OICEOEMIEDSR NS, KB ¢, o &P
cB T 2RFALEE (X301 /) ZHET25E, E—F213 917 £ 92512, E—F 41
917 LB 17 SRR ZEEE L 72 930 IcE— 22 AL, 3FFZNFNEEL w52
EDD 5, DFED, B—F2 & 43R X B 27 < VL ICHE ) IRFRIBEAIC X % SST
KTZRTbDEEZ NS,

T—F3 (X3.7, K3127%) T3, HEEES X OROVKIEICE T 2 B o AR
RO 7 OVDSEILTED, 9/16 25 920 EHE TSSTAMETNL, ZDK 103 ICES ET
BT 2 L35, IREIBEIEL o3 DI, T Bh#E g 2 =i 1) 2 fEEE (SSH)
DI EWR—E L T\ B, LT, T— F3 BB X ORIVETHRET S A Y
27—V X BIER E, ZNDSEEIOEf T I THARNCIRE I N RIREZE L T B b
DEEZLNS,

35 BbhiC

RfHGPERETE 7OV ERRIT GPV-MSM 12X D, FofEEREIC B 1T 2 B R0EE I
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F O EEINCIEET 2HBD A Y /7T X R — VOMRSUENERIC K 21857, ©7 <
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4. FSAOBE ORI BT 3 1B M

41 1ZC DIZ

FOO P R VESRT < WSO 2 AT L « A, SRR ST\ 7 D ISR 2 i
{ZTO0 b, HIIC LB NIETH 2, B OKE I I RIFTH %755,
BRI ITHK, 255, APPSR X 2BREANTICRE D KERY LA - R
FDFA T EDMRIRE LTSN T3 (BH, 2003). HOIBOKE R OARERREED
RIEDIZH D fHEsic B 72 b, BRBLOWFERGS, FHIINE & OEIRTH 2B 1T TOHFK
SHUE 2 BT 2 05503 5. AMHHIC BT, TICEMZNR & L ik aciiEic
B9 2 %00 DA THIZEM ThILTE D, UEFE ) T E RE 7 < Yk IR T 2R
FREAEO P2 G55, 1998 ; RS, 1998) 2, HMH IR OBERRRILU IS L 72
BNNOINEKEA (TARS, 2004 5 Niki, 2004) 75 EDNENREBSRIC D 25075 a8
JIFL T B AR R S T\ B,

FHEODTN—T7TIZ, HIBEEITRIAHE S % BERE SEger - B sl
B (DUT, B 2 MW, BEEEIRORR  ERT—75HZ2 HiY & L Z-BibEh z
MFELCHEML TE D (BI55, 2012; B 5 2014 B X O 26 DSE ke SIH), 2013
I~ FE2 G L 785 B0 cl3 B M 17 5 (TORAJ) BXLU 18 5 (MAN-YID) Of
WMaRPEZ 5 Z LI L7: (555, 2014). AWZETIE, 2013 4F 8 H LAI~10 HHAIZ#]
HEEIZ B\ THENE L 7688425 % W 7B Eal], Al X 2 ADCP BIfiill, 8L 3
BER AT 4 ¥ 7N & D SRS EERE TV D 3 ) o 7 e —Fic L b, B~k
HIC BT 2 /MR Z 58 L 7 S RIS BT KSR E Z DA D = A LD
WTHET L 72D T, ZOFERICOWTHRET 5.

4.2 BHEH

2013 4F 8 H 28 HICSENE L 7 StEEHICIX, BESEWT - iR iTE O S K
X372 ADCP (1200kHz) £ #1TIAAK CTD (AR 2 VT, X410 1293
54 v B IOEL S A iy Wi B\ BT & iR o [\, Fik, /KR,
B OSMEDN A Z R L 72

Bl 7 A WImATGE A (X142 (a), (b)) TIHALEAMZIEE L72E 7 4 1SR
[ DOVER S %27 LCE D, Ml 2 km H7- ) 2R E LTl (5 WZ2EN, 1 (H)
BN EEERT S, BT (X-4.2 @) OFEDARIT 3 EEGEZEE L TE D, il
JETEIARH, D SENREI T TRA, BN TETREDYEL T b, TR
(X-4.2 (b)) ITIFBENTOFGEDARIIELT 2, BENTIE LT EICED & T iRkiEic
BOTRHPMAEL T 528, ZHUFRTH ORERIC X 2 BEEOSH 102> & DIRAKFHD
WERRL TS, —H, BNTIE NTEIRFCTH > THAE 20 m BE F codRFcB
TRAEDIA S BERAEL B D, RN ZERROFZEDNERUCERE LI WIBETH 5 Z L3y
5, 7z, BO7A VWIHNTDEDA (K42 (), d) TlE, 74 VIZETT 2 HERRG
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D EHEAHEHT T OAKBURA I HES <, WS (K4.0) 123> TREAT % N8
WA DNE LT ORE & BEIHUICEH S LT % 2 L5,

17



flood ebb

°c
20 22 24 26 28
|

20 22 24 26 28 20 22 24 26 28 20 22 24 26 28

U
U

(h)

PSU .
133.5 34 34.5
[

33.5

34 34.5

1 2 3 4 0 3 05 1 15 2 25 0 05 1 15 2 25
bay axis line (km) bay axis line (km) bay mouth line (km) bay mouth line (km)

B-43 CTD (2L 5 LW, FIWEO®EE (a,be,f) BIOEAT A (c,d,gh) TOKIR (B)
Ly (FBY 4.

43 BRI BT 5 Es g

HEAEIZ 81 2 thRIAN 2 e E 2 2 TR T 2 72 o1, iR BT — & Offhr %
1otz Bl A4 v LU T A v O EAHTICALE S 2 B KRR, B EuE T
FE R, ADCP (1200kHz) 72 E28%E L, 2013 428 H EAID 682 7~ HRElicH 7
S TCRR  WRT— 8 2R L 72, e T — & OFFlic > W TIES S (2014) 22
TN, AETIET—FO—HlE LT, 2013/8/10~1020 OFYH-EDHHEIZ(Z[X-4.4
WY, 209 L 2 HnIFEAEEE & 1%, AL X 2 8EE O EAFRE & AT
AMeDAS M7 —Z 128 U Ty 352 8 L OiteE-ERIRZ ko, Bk
TN ED> SHEE L 7)) ITiETH 5.

HKIRDOSHE DA% 5 &, 8 ATICHOE L -5 IRERE 1% 9 AR Z 1259 D, 9 H
THENCIHIZEFREE SN0 3, BEIHCH 2 8 g ZEN It L - RS E OfiRE))s
PEEIC R O3, ETHRIZNEEIY O R 21T\ B 2 LY 5, 9/4, 9/15, 10/15 1%
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FOPEBIYRIRIC B 2 B RGEE I
HERIRAR T & R LI oW T
Cold-water Formation and Oceanic Response Associated with
Typhoon Passages off Kii Peninsula

PILEES ' - PEIE

E IRCVNRD )

Yusuke UCHIYAMA, Tatsuya NISHII, Nobuhito MORI and Yasuyuki BABA

Oceanic response to a series of typhoon passages is investigated with a triply-nested oceanic downscaling model
forced by the assimilative GPV-MSM reanalysis dataset for the coastal marginal sea off Kii Peninsula, Japan.
Temperature is decreased about 2 degrees for 2 weeks during three typhoons passing by. An EOF analysis
decomposes the modeled SST properly into 1) a seasonal signal as a linear trend attributed to enhanced vertical mixing
and mixed layer deepening due to the seasonal surface cooling in the 1st mode, 2) coastal upwelling at several
locations through the Ekman transport due to the stormy surface wind field in the 2nd and 4th modes, and 3) SSH
changes caused by the meso- and submeso-scale, cyclonic cold eddies near the topography and subsequent eastward

transport by the Kuroshio in the 3rd mode.

1.IEZU®IC

R VR D BRI, RIS oK, &Y
A MF Xy 72K 5 TKEM, Langmuir &Lk 7 & 0 2%
W&o THEERBOSHEREAMILINS. Z0XH) %
BRIV O MEERE S 2L &2 R 5 5 2 &, B, =ik,
MR R E OB SR, Wt BB ALICE T 5
TREZN LSS, ETEEE 2L, ThET, B
REC BT 2 iERIB OMEZLIZOWTIE, TSGR
REMDOEANZ & o THE L 2 SEILE O S EIRASE
PRTwiz BZIE, &S, 2009). LALEES, A
JEUZ 2 100km DB % FiO KIEEHE ) O KK DM TH 5
7e%, WEICE- 2 5B R E 2 D ETIRRATIY % SRR
EOEATZTTIE R, AV AT —VOIREInE, Bz
WEEREUZPE D T 7 = ik 0 BB I B O SRR A
AR R E2 T2 2 LIETE R,

ARAF2E TR AR AT PR AL B F0 21 B R
(B-1) 2 SRS, 20124E9 H 2 B & L,
R B R 12 B B R O R S AR D W TR R
WZEHIi$ 5 2 L 2k B, AT HIKE 2 A L Cilli
P& KRS 2 THh 0, B X 250
oD YT F VAR O TENE R B L T b,
Zo7z%0, HUHEE, WANERD), SR X 2 S
BO=ZFHVEEL, MG LEREEE s E TS 2w
FHEIND. F72, 20124E9 HHEAUH 5 10 H IS 2T

T ERE D) MOEBEE ke LA se Rl I
LI

2 FAERH F(0) T RFERFEE TR IR T %
3 IESRH  W(D)  sUERREAAEEIR B ST TR
4 IERR WD) SUEOREAERR B SRRIERT

37

T3DODRE (16, 17, 18%5) P HHHARICHEH LD 5\ i
LREL, B-212RF & 9 ISR 3B v TR 2 KR
TZ3B725 L7 (Babab, 2013). 209 B 177 (Jelawat)
1, K ETHOAEIShPaE THRELLDOD, 9H
30 H IS RFEEIS RGP E deum GRS A % 5d e
GO HDRIE @ 965hPa, fAJEGE & 35m/s, FJalK
F£E D R200km), [ 19RFEHE AR EIBICB W TV E
JAE LCAMMIC EREL, ARMICH - THIE - BH - 3t
~JtEL7 (H-3).

Z 2 TARRIZETIE, 58T GPV-MSM Ml 77— 7 %
WFREBER R Z3EAAMIE DY v A —
VU THEETVEREL, 2012F8 AL I0HKE T
D3y Al Z ERSWEE LK OREBIRREICBIT S
BB ERZIT ). BT — % L oliaE T
EFVOWHBMNZMERTH L L LI, BEMMEIZED L
PR BIR IS B 2 KBETO X = X 8% 50
m

ROMS grids: L1 (2km), L2 (600m), L3 (200m)
e 0

-1000

-2000

-3000

-4000

-5000

130°E  132°E  134°E  136°E 138°E
X-1 3BERORAT 4 7 (L1 D KFEE 2km, L2 ©
600m, L3 :200m) |ZX %ROMSHFMLMHE (B Lk
Wi (7 —)



P0079

1.482 IARZELWXHEB2 Gl 1T%), Vol 69, No. 2, 2013
32 T
---OBSERVED
30k . |—JcopPE2 °
—ROMS L1
—ROMS L2
28 “|—RoOMS L3
O
s
e
28/1 é 1l1 116 2‘1 216 3‘1 9;5 16 (]LS 210 2‘5 310 16/5 110 1‘5 2L0 ZJS 1;0 29
ay
X-2 AOREELH FIILEERAR) 1281 52012/8/1~10310 (F) KESmKIRORERF] (FH8 0 G, Bl @ S, )

SRR (FER) &Pk = R E () OfESA B L3, O Bl

40°N

‘7 I

g ,.{“ )
.,H?.

36°N

28°N i _."'
29,

24N

124 128 132°E  136°E  140°E  144°E
REITIZL B 20124E9 HIZBAE LR 1675 (Rk) 17
50K, 185 () ORZAMET vy FTiRHA)

-3

K352 LxHWET S, ARTIRIFIC, 3O REE
MEEICX S 5 SST (MR E) 7V HIncx L <
EOF RN % 80 L, $EE 2 KIRAT N & — v &l L
EOFE— N & WHE — N & BT % 72 @ IS4 EOF & —
RSB T A0 E B X = X LIZONWTEERIT-
72DT, ZOFRREIZOVWTHRET 5.

2. EFIL

ARWFIETIE, 3RTCLES T — & AL 2 M ARA L HA
ST HED W TANT -+ P A5 L JCOPE2 (Miyazawa 5,
2009 ; AKERGEE1/12°) MR &ML LTE 2,
PG BE 7OV ROMS &2 RN — A & L7z 3By A A
T4 Ik, BRSO EEEE LD, KF
72 M #1EFE % 2km (ROMS-L1) —600m (L2) —200m
(L3) NS LS o EBIRES Y Y A5 =Y
YTWmHEETVEMEL: (B-1). %8, L1 - L2ET
WIZIFFEHE LIC L B MANIESIRET )V GOV T
e, 2m2%%ﬂ LUF, wik &R ZHWTH
D, HREEIEERELIET VI N E S 5I2H ) —
By v A=) 7SR DTH S,

AWFFETIIL2 B L L3 EF IV D% H 555,
ﬁﬁu%E%mem%%&m(%?ﬁimm@mx%
B328), L3IZHP153.6km X Bt 153.6km (768 X

38

S o o
T

wind speed (m/s)
o O
%

[IR=e]
T

lé/l (IS 1‘1 1‘6 2‘1 2‘6 3‘1 9‘/5 1‘0 1‘5 2‘0 2‘5 3‘0 10‘/5 1‘0 1‘5 2‘0 2‘5 3‘0
day
X-4 S5)T GPV-MSMIZ & % ZE o i~ 2 v

768 X $RH408) THAH. L2, L3 & b2, #ELEISIIC
DOWTIERLT GPV-MSM O | i, Z DM 7 5

y7xuowfucanm®H¥Wﬁ%ﬁ,$Tuu
AVHRR-Pathfinder 77— % O H P50t % 5 -2 72. L2H
55 B OO NEE 507355 B 42 TPXOT7 BRI E B & %3
WxE 2, L2— L3 TIEL2 D% % 3 RITHIIZKEZ2RI
W3z ek, NEMWEEEtmEEy 7rve
L3 BN AMEiE S 72, HBWIZH AT 2 3l
(L1229, L2 127K, L3 :2AK) #ZFEL, MEILW
W MEERT - RX=Z (IHE) 2 5RD72104
Mo Wiz 5 2 72, L1, L2#IIZIZIODC-JEGGS500
7 — % % SRTM307 — ¥ THiZE L72db D%, LI#IEIZIE
A PR HR e B R 435U & % FRA% 2 S0m,  150m, 450m D
F—F MM LML, it s
TIEMERI - WK O W FE 233 5 KPPET VA
v, JRHOEBIIEEL &\, LIEFIVIZ2003/1/1, L2
EFIVIE2008/1/1, L3EFNIE2012/8/1 7 514 % BA
L, #RZEN+HHAC YTy T ZHRTT0E. A
W9 o E 2 B o R HIZ3 A B OBk % & &
2012/9/10~2012/10/9 D#j1 + AT 5.

3. EtRHER

(1) #9225 =) 2 JETFTIVOBERM

WO NHEE TV (JCOPE—L1—L2) OFIEIZOW
TIEHHOBEY THY, L3IEFNVICHLTHITITMEEES
FHMEZBREL WD, —flE LT, AEkLRERICE
FAKILOBIAE OKERENIEE > 5 —) LEHEMED
W2 R-212R9. LI~L3EFIVIZ9H MO EMN 2%



P0079

AR RIS B 5 GEGEE AL D WKRACT &2 RS2 IOV T 1.483
17- Sep -2012, 12:00, JST 26-Sep-2012, 12:00, JST 30-Sep-2012, 12:00, JST 5-Oct-2012, 12:00, JST il o3
i X i s
27
26
25
0 o . 24
0 100 200 300 400 0 100 200 300 400 100 200 300 400 0 100 200 300 400
X (km) x (km) X (km) X (km)
X-5 ROMS-L21Z X % #ERIMRE SST OB % (A5, 2012/9/17/12:00, 9/26/12:00, 9/30/12:00, 10/5/12:00JST)
29-Sep-2012, JST
AR BRIL S I, ZNZENORMOHLTIESSTAH

o= ———
0 30 60 90 120 1500
x (km)

ROMS-L3IZ X BB RIc B2 (h) ik

30 60 90 120 150
x (km)

KoeHxHE, (F) SSTO HFE¥E (2012/9/29)
KB TEEZERABHTETVWL 20005 (-2
). F—% b E N 72 JCOPE2IX, forward EF IV TH
AROMS & ) & 9 A ofmBIEIZFE V25, #1210 H LI
OB, T/, BN OKEOTFHHE, Bk
% (H24) dA—HLTWwb I PR INS.

(2) REXEADREICH T ZKEBET

20124F9 H I HALE % @8 L 72 3l o B O %
X-3127RF . H 165 ASIUN PG 5 % il L 72 9/16 LLEE D
15 HRIZ BT, AHE B C i 2 g K T A
20CHAT B &V ) FREIY AL BR SE T TWw B
(K-2). CoMEo# R R L (K4), 5, 16%
DFEIIEE S TY15H 5 9/18 124 1F ThRv» SSEJEAE U
TWah. 9/19 LA, JEUANZNNE Hiclz U, #Eid 52
DR (927 12l L7z 18%, 9/30 (XA % 15 5§
L7217%) opBEErz3o2h, To®H30HHICH
72 o TNNEADSHER S Cw b, BEUCHE i EJEE o
¥—27139/16, 9/25, 930 LT3

ZOPHIZBT S Lz%?w (2 & BRI AN (SST)
DOREREALZB-51R8F. ke 5 30 0B MO EE
Xy, WA N, %zﬁﬂmﬁ%abéﬁﬁiﬁfssﬂ&T
PELTWS., K28CHRETH - /- BBl O SST X
26 CREEF CHIRIET L, 9171CIINH A & B fEKE
WZ2F THRAET % 24 CLLT O KSR, 7, *ﬂiﬂt
BEdE, fRAEHT A2 RET, 10/5 I3 IBEEE, KB
TWab. W NEZ RS D | %zéna;@wmw
ZHZHIFYISPLDOSSERIZL 7 < Ykl X
TIMI R TE U RE A D bOTH . i:*f:,
B o3 CAMOWEHTIEZA VY A5 —, T AV
A — ViR S Wi 7 SSTEAL A LT b, THE -
TAEE B X ORHIKE TIZKEFEIE Y O x>V 27—

39

B L CTnB I Ehs, RALEERMICHE) BAICL - T
WKMERE L TV 2 EDG05h. WNERE? S EH%
KRBT TOMIETIE, BEE20kmBEEOH 7 2V A
= VKA EL TV A, IR H DG KT EBZK
W, TR, ROKEICBWTINL LS RS Z R L
2o%, BN X Z2BMABIT L o TRITNI%E SN,
RPEERIRREOSSTZE T S TWwh, 9301 —27 %
F 9 % 5V NNEJRUS P 9 1730 5712 & o Tl N3RS
M HRPKERETOSSTIR T AAE L TWLHET LR T
WNns. R RREICBT 2 BE R SSTR T, 2
NODOHRDVEELZDDOTHLEEZ LN,

L3E TN K 2 KGR TTHRIEE & SST D 9/2912 8
FAHFEIMEDAF Yy T ay b eR-61IRT. MEE
RS, AOREEIICIEOMCIE % D DA & B
LTERLTBY, hOonsSTIREREERTIERE L
BREER TRV TR EN TV S, TE DI
AT SN T CTRMRE KA Tk S h, g
KT i) ~BEKR & BRICER LT b, A

BITIZE D &, 2012459 H 0 Bl B3 L FEIR, S,
W CIE H 28 L CHREINICDH - 72, BRI

%Eﬁ*ﬂ(iﬁ_#%%iﬁé«@iﬁtﬂimﬂlﬁ%ﬂénéf:&b B Z21E
HIR), @K ARSI R LR 3 Wik s
s, SSTIRKTFZlREE7-bnEEZOLNA.

4. EOF &t

A B CRial L 72238000 70 SSTAK T B4 % 58 = A9 I Lk
L, ZOBEA D =X LZOWTHREFT 5720, L2ETF
WIZ X % SSTTF— ¥ 1k L CEOFf#NT 2479 . SSTF —
F MU A%R (x, yi o 3N, EOF#TCIdZ
OFEAEREZR ZEI2ED

(x.p31) Ze (x.y):
D LI, m@@ﬁﬁﬁf;EOF%—Fczhﬁi‘ﬁa‘ﬁ’%éné.
22T, e, (x, y) I FAME (EOF, HALIXT), ¢,

(o) - WRIEIBE%L (5, KD, n E— FHFETH 5.

9 A i AU 2 & 38253 B IR AY 2 AL & AT S & 9
L7280, L2ETF VI L 52012/9/10~10/9 D 30 H D
SST QMmO FHME) 12t L CEOF#iT M3 5.



1484 AR LB

P0079

GlFREC%), Vol 69, No. 2, 2013

0 100

200
x (km)
X-7 L2EFIVSSTICH T % EOFIC X % 47 % e, D 221 5
fi (EHBHE—F1~4. FRAI02RLTND)

300 400

R1 MY FEHFALEES (E-710HE) LBRELEBGO
EOF % & — FIZBIF 545K
E£—F1 | E=F2 | £=F3 | £—F4
) 81.0% 42% 3.0% 2.0%
MUY REEL 25.5% 15.7% 10.4% 6.5%

FEAE— FOEA B e, DM 2 H-712, TDH
HREZRVIRT. = F1TIE, BEAEBKe I ZUMNHE
BRI 2k L 3IFEBTABEM->TH
0, WRIEe, (K-875) 13MEAMICEA D SIEICHM
LCTnbZens, M4kl U TSSTA RN
THTAHIEZERLTVWS. EOFE— F1OYWHE—F
1, e & SST OB LG A AITIT—HTH I &
Mo, SSTHIE ML Y FORRERLTwDLEEZ LR
5 (B-9F). —F, - \ZEFMICBIT 2 SSTOHIE
JrEAR (R-84) EEBKICEMNLLTBY, F5FEL81%
L, IRMSSTEMLOKRIBHEZH AL TnE. 20
SST M L ¥ FIEZFHIM 2 a2 icdie LTwad
(E-10). $&bH, 9/10~10/91H ) THRIMITET L,
ARSI (FHEO%E), SELiREIx

40

0.1

0.05f i\ i

20,05} b

_091/1015 20 25 30 10/5 10 29%015 20 25 30 10/5 10
day day
@8 () €= FIRMMLc L () FFBcsg212%E
TN & B SST (M. ARBIRRILARIE ol %)

° C/day
0.05

x (km)
ROMS-L2 fHISIZ BT 5 2012/9/10~10/99 (F) SSTH
L (F) KPPEFWVICLLZRABRSOBL ML VK
(FRiZozRL D)

-9

WAL, FHERBIIET KoL ZEL) LTwab.
REBRSONLYF (M9F) 2H2E, HkE, &
K, EHKETIHROAOMEEZRLTEY, MLk
EHBIE SN TEHEEIE L FEL TV RT3
5. L7zh > T, Sl FICPE ) WHEHIC & - T
BAHE Y, SHERAVIESNTREEES RS L
VI, BEROLBANOFHES KM SN2 DTH 5.
LT =P OMIE ML v FERZE L CEOFIT %17 -
lZA, E=FILRILF—ZIHNTLE—-F212131F
SEA L, FBRICE—F2&3, E— F3L412HEH
WCEIFRMEAR SN, ZOROEF5RIIR-10DE Y
THY, JTF—FIZHT 5 EOFHRE— FIZFHZLHE) I
BNTLZHEN LY F2rbokEzRL, FLY FZE
LHFGRE 2T NS WS, BEZ% E0EHN R 4 R
VMR LTIEAEPOEETH L I LM ING.
E—-F2 (-7, M-11/k) #H5E, HEEB LR
PAEIZBNTY1TH 5 9/25 F TIZATIZSSTHMET -
ERLTOWALIENGH 5. S, JLME R S Y



P0079

AR RIS B 5 GEGEE AL D WKRACT &2 RS2 IOV T 1.485
0 0.1 4f 10°
" 2
£ -50 ”E 0.05
0
0

day day

2S;JHO 15 20 25 30 10/5 10 _1090/10 15 20 25 30 10/5 10

9/10 15 20 25 30 10/5 10 _9%10 15 20 25 30 10/5 10
day day

EhS, OHI0H~10 H9HDZEINI BT 250 T, OBIIE GBUT), L2ET VIS X 2REMEIRS by, SEILEUREK,,

0.1 0.2

0.05,\'\ 0.15 I
© - TN 0.1

o 0 E
-0.05 l 0.05

[-10
FOMRBIEN. FEMR T8, RBGR L SUBREERR. K, B L ONIZRA N
0.15 20
0.1
10
0.05]
0 0
-0.05p.""
-10]
-0.1

_0'19710 15 20 25 30 10/5 10 _29910 15 20 25 30 10/5 10

day day
(fe) =12, 4OKEHBEEE () FAMIBT5
A EE (AL ASIE)

X-11

&2 2 TR SST D &g & 20 AE L Tw
5. EAEBBOGA (K-7) BXOREHBEE (K-114)
N, E—R2L40MICEVEUERIR SN E. HER
B¥c, c&BAMIcBaMduE#E (F-114) % g
T5E, B—F2139/17L 92512, E— F4139/17 & B
175 AR 2 EE L 729301CE—2 24 L, 3%I1EZF
NZENHEL TWBE I R0 hb. 2F0), E—F2&4
WFHALEIC X 5 =7 < VAL ) I RE AT X A SST
KF2RTDIDEELEZONS.

E—-F3 (H-7, M-1274) T, 1EBB X ORGK
BT 2 BT EE O I 2 7 F v ps BT
B, 91675920EHFE TSSTHEF L, TDH10/312
ELETHART LI L0 5H. WEEE oM,
ST 2K B I 2 EE (SSH) o%fbe
WMh—HLTwb., LadsT, E— F3EHEEB X
O KRETHEET DAV A —VilIC X 2R, #
NASRENEST SN THRG IR SN DR R ELL T
WhrbntEZLNA.

5.8H4IC

FERG IR E TV E KRBT GPV-MSMIZ & b, A
PRI RS BT 2 B EGE I RE 9 SR T IS4 U 5 IR
M7 SSTIK TR ZHILL, ZOX A=A L %ELELT.
PUEM I X ORI RET A HBDO A Y T A
VA — Vv OMKIETEIRIC & B, T < vikIchE
IIRFBAPRL 2> TBY, ACEE IR X 20 E
e B & OVEHE DRI X B %Ki O 7 T o
iz, F72, L2EFIVSST 7 — 7125 L C EOF T
AT, ZOWHE— FIZOWTHRE L7z, WS

41

0.1 0
91015 20 25 3010/510 9/10 15 20 25 30 10/5 10

day day
(F) E— F3OBWMBEE (F) f5cBT 512
EFIVIZ K B SSH B6MEHLLT D% K 3)

X-12

DT AL ) ZEHi g O 563% 2 & 2 B 2 SSTHIE b
LY FARE—F1 (55%81.0%) ITHHL, Bz E
LR A XY M3E— F2DBTRBE s, -
F2B X4 idrduRlic X 2 =dEA %, €©— F3idk
BB IURFKETEET ZMOMPEEEL TV T
bbb, 17 AREOEMA A —VIZBIF2HBICE S
WHEIS AL, IR E ORI m BND Z LIRS
nr-.

BHEE RO AT B IR C (24560622) B &
O AR R 2205 S G T — e L A28 (24G-05) D3Rh%

ZAF 7z

2 £ X Wk

PILLUEES - SN (2003) @ AT il A 18 Tl AT 45 o> v 39
WL BB 5 2 8K T AT, RS CE,
No.747/11-65, pp. 135-154.

WIS - FILEA - WERIE (2012) ANEREEHZE L
HE T DA S S S 0 R B T B & R R A B O R R
WT, RAREEF B2 (R L), Vol. 68, No. 2,
pp. I _441-1 _445.

OGN - BB - ZHAE - - 4 WRE) (2009) ¢
RTINS O K IE SR G 23 B X O BLEREE A B X3
R, TR SEICEB2 (R, Vol 65, No.l, pp.
1.241-1_245.

Baba, Y., Kubo, T., Uchiyama, Y., Kihara, N., Mori, N., Muto, Y.
and Suzuki, T. (2013): Field observations at an offshore
observation tower during the typhoon seasons, 35th TJAHR
World Congress, Chengdu, China. ($%3H1)

Miyazawa, Y., R. Zhang, X. Guo, H. Tamura, D. Ambe, J.-S. Lee, A.
Okuno, H. Yoshinari, T. Setou and K. Komatsu (2009): Water
Mass Variability in the Western North Pacific Detected in 15-
Year Eddy Resolving Ocean Reanalysis, J. Oceanogr., Vol. 65,
pp. 737 -756.



Proceedings of 2013 IAHR Congress
© 2013 Tsinghua University Press, Beijing

Field observations at an offshore observation tower during the
typhoon seasons

Yasuyuki Baba
Assoc. Prof., Shirahama Oceanographic Observatory, DPRI, Kyoto Univ., Shirahama, Nishimuro,
Wakayama, JAPAN, E-mail: baba@uh31.dpri.kyoto-u.ac.jp

Teruhiro Kubo
Technician, Shirahama Oceanographic Observatory, DPRI, Kyoto Univ., Shirahama, Nishimuro,
Wakayama, JAPAN, E-mail: kubo.teruhiro.3s@kyoto-u.ac.jp

Yusuke Uchiyama
Assoc. Prof., Dept. of Civil Engineering, Kobe Univ., Rokkodai, Nada, Kobe, JAPAN,
E-mail: uchiyama@harbor.kobe-u.ac.jp

Naoto Kihara
Research Scientist, Central Research Institute of Electric Power Industry, Abiko, Chiba, JAPAN,
E-mail: kihara@criepi.denken.or.jp

Nobuhito Mori
Assoc. Prof., DPRI, Kyoto Univ, Gokasho, Uji, JAPAN, E-mail: mori.nobuhito.8a@Xkyoto-u.ac.jp

Yasunori Muto
Professor., Dept. of Civil and Environmental Engineering, Tokushima Univ, Tokushima, JAPAN,
E-mail: muto_yas@ce.tokushima-u.ac.jp

Takayuki Suzuki
Assoc. Prof., Faculty of Urban Innovation, Yokohama National Univ., Yokohama, JAPAN
E-mail: suzuki-t@ynu.ac.jp

ABSTRACT: This paper shows some results of intensive field observations carried out in the summer
seasons since 2009. The intensive field observations have been conducted at the observation tower of
Shirahama Oceanographic Observatory (SOO), DPRI, Kyoto University. The observation tower of SOO
is an offshore platform for the oceanographic and meteorological observation and it is located at the bay
mouth of Tanabe bay, the southwestern part of Kii Penisula, Japan. One of the aims of the observations is
field data measurements to comprehend the vertical mixing process due to wind and wind wave. During
the observations, five typhoons (Melor in 2009, Ma-on, Talas and Roke in 2011 and Jelawat in2012) hit
the Kii peninsula. Three of them (Melor, Roke and Jelawat) passed along the southern coast of Japan and
they have similar tracks around the Kii peninsula. Only Talas in 2011 passed across the main island of
Japan and reached the Sea of Japan. In the observations, the vertical profiles of currents and water
temperature have been measured as well as wind and wave conditions. The main results are as follows:
Wind and wave conditions have common characteristics like the temporal variation of wave period and
the incidence of high wave peak even though these conditions are affected by the typhoon tracks. The
temporal variations of water temperature have also similar trends when the typhoons come close to the
observation site, however, the vertical profiles of water temperature before and after the typhoon coming
have big difference. The observed results underline the needs for the continuous observation activities and
multidimensional data analysis combined with numerical simulations in order to investigate the mixing
process under stormy conditions.

KEY WORDS: Typhoon, Field observation, Vertical mixing

1 INTRODUCTION
The intensive field observations have been conducted at the observation tower of Shirahama
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Figure 1 Shirahama Oceanographic Observatory

Oceanographic Observatory (SOO), DPRI, Kyoto University (Figure 1). The observation tower of SOO is
an offshore platform for the oceanographic and meteorological observation and it is located at the bay
mouth of Tanabe bay, the southwestern part of Kii peninsula, Japan. Kii peninsula is often affected by
typhoons, and the torrential rain caused by typhoons sometimes inflicted enormous damage in the wide
area in Kii peninsula. Since 2009, five typhoons (Melor in 2009, Ma-on, Talas and Roke in 2011 and
Jelawat in 2012) hit the Kii peninsula. When the typhoons come close to the observation site, high wave
and strong wind conditions have occurred. High wave and strong wind condition is one of the major
driving force of vertical mixing process, and the observed results under stormy conditions due to the
typhoons would be the fundamental information to comprehend the vertical mixing process.

This paper shows some measurement results of intensive field observations carried out in the
summer seasons since 2009. The vertical mixing process under stormy condition due to the typhoon is
discussed with the vertical distributions of water temperature and echo intensity measured by ADCP
(Acoustic Doppler Current Profiler).

2 TYPHOONS OBSERVED AT SOO TOWER

Five typhoons (Melor in 2009, Ma-on, Talas and Roke in 2011 and Jelawat in 2012) in all
approached and hit the Kii peninsula. Figure 2 shows the tracks of each typhoon. Each track of the
typhoons passed close to the Kii peninsula. Four of them (Melor, Ma-on, Roke and Jelawat) passed along
the southern coast of Japan and the tracks of three typhoons (Melor, Roke and Jelawat) have similar
characteristics. Ma-on and Talas have relative slow moving velocity around the Kii peninsula. Only Talas
in 2011 passed across the main island of Japan and reached the Sea of Japan. The intensity of Talas is less
than the others although Talas brought the record-breaking heavy rainfall over a wide area in Kii
peninsula.

120°E — 160°E

2 g )
120E 140E 180°E 140'!5_7

Figure 2 Tracks of typhoon (Left: Melor, Right: Ma-on, from Digital Typhoon Data)
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Figure 3 Moving velocity of the typhoons and the angle to the observation tower of SOO
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Figure 3 display the moving velocity of the typhoons. Zero on the time axis means that the timing
when the distance between the position of the typhoon (based on the best tracks) and the SOO tower is
minimal. It is obvious that Melor, Roke and Jelawat increase their moving velocity when they passed
around the observation site. Melor and Jelawat have similar moving trends. On the other hand, the
moving velocity of Ma-on and Talas is very slow around the timing closest to the tower of SOO, and
Talas kept the slower moving for almost two days.
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Figure 4 Wind and wave at SOO tower
(Upper lert: Melor, Upper right: Ma-on, Middle left: Talas, Middle right: Roke, Bottom: Jelawat)
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3 MEAAUREMENT RESULTS

3.1 Wind and Wave Conditions

Wind and wave data observed at SOO tower are shown in Figure 4. Wind and wave conditions reach
the peak at the almost same time when the typhoons come close to the observation site. In each case, long
period waves (around 12 sec) have been measured when the typhoons approach to the observation site.
Wave period decreases gradually after wave condition has reached the peak. High wave conditions with
more than 4m high have been observed when the typhoons approach.

In case the moving velocity of the typhoon is slow (in case of Ma-on), high wave conditions
continued for more than a day. However, in case of Talas, wave height keeps less than 2m high even
though Talas moved very slowly around the observation site for two days. The moving track of Talas is
the totally different from the others, and the difference of the moving track would be the reason for the
relative lower wave condition (Baba et al., 2012). In case the moving velocity of the typhoon is fast (in
case of Melor, Roke and Jelawat), a clear peak of wave height is observed in each case. Additionally, the
time series of wave height has bimodal peaks in case of Melor, and the preceding high wave condition is
measured in case of Roke.

Wind conditions have also affected by the typhoon track. In case the moving velocity of the typhoon
is slow (in case of Ma-on and Talas), strong southern wind continuously blows for more than a day. On
the contrary, in case the moving velocity of the typhoon is fast (in case of Melor, Roke and Jelawat), the
temporal variation of the wind velocity has clear peak, and the duration of the strong wind condition is
about a half of day.

3.2 Current Velocity Profiles

The vertical distributions of current velocity are shown in Figure 5. These velocity profiles have
been measured by ADCP (Acoustic Doppler Current Profiler). The ADCP is installed at a depth of about
10m near the observation tower. The average depth around the observation tower is 30m deep. The
observed velocity data by ADCP show the current profiles in the upper third part.

According to the moving of the typhoons, clear direction changes are found in the north-south
component, especially in case of Roke. In case of Roke, northward currents developed well under
continuous south wind condition, and suddenly the current direction turned to south after the typhoon
Roke passed with north wind.

The current direction change according to the typhoon passing is also observed in case of Jewalat.
However, the change of current direction is not so clear due to the data missing, and the magnitude of the
currents is smaller. The north-south component of the currents in case of Talas doesn't show clear
direction change like in case of Roke because strong south wind blew continuously and the rapid change
of wind direction didn't exist.

In case of Talas, northward currents developed well vertically for more than 24 hours. After the
typhoon Talas passed, the stratified current condition is observed (around 72 - 96 hrs). The typhoon Talas
brought the record-breaking heavy rainfall over a wide area in Kii peninsula, and a large amount of flood
water flew into Tanabe bay from some rivers. A possible factor for the stratified current condition is the
flood water from the rivers due to the heavy rainfall by Talas.

3.3 Temporal Variations of Water Temperature

Figure 6 shows the temporal variations of water temperature at different depths under stormy
condition due to the typhoons. In cases of Talas and Roke, it is obvious that water temperature at different
depths reaches almost same degree and that vertical profile of water temperature become uniform when
the typhoons come close to the observation site. The mixing process induced by wind and wave has some
contributions to make the uniform profile of water temperature.

In case of Melor, it is found that water temperature dropped down at the same time when almost
uniform distribution of water temperature existed (around 48 hrs). The typhoon Melor hit Kii peninsula in
October. In October, air temperature is already lower than water temperature, and it is found that surface
cooling sometimes occurred in case of Melor.
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(c) Jelawat
Figure 5 Velocity contours measured by ADCP

(Red points in the figures show the sea surface)

The mixing process induced by wind and wave also happened in case of Jelawat. However, the
change of vertical profile of water temperature is not clear because the vertical profile of water
temperature is already close to uniform condition.

In each case, the decline in water temperature occurs after the typhoon passed, and the different
characteristics of the profile change of water temperature are found as follows;

1) In each case, the rapid change of water temperature is observed close to the surface layer

2) In cases of Talas and Roke, only water temperature close to the surface falls down and the

uniform profile of water temperature still exists in the deeper layer

3) In case of Jelawat, water temperature close to the surface rapidly decreases first, and water

temperature at the deeper layers decreases

As mentioned above, the mixing process due to wind and wave and the decline in water temperature
after the typhoon passed are observed as common features caused by the typhoon. However, the vertical
profiles of water temperature before and after the typhoon (coming?) have big difference in each case.
These results indicate that other considerable factors exist like the intrusion of oceanic water into Tanabe
bay, flooding water and so on.
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Figure 6 Temporal variations of water temperature at SOO tower

4 DISCUSSION AND CONCLUDING REMARKS

In the previous section, some field data under stormy condition due to the typhoons are shown. Wind
and wave conditions induced by the typhoons are affected by the typhoon track and moving velocity, and
these conditions have common characteristics like the temporal variation of wave period the incidence of
high wave peak. Current profiles, especially in north-south component, have a clear direction change
when the typhoons passed by the observation site. The temporal variations of water temperature have also
similar trends caused by the typhoon, however, the vertical profiles of water temperature before and after
the typhoon coming have big difference shown in Figure 6.

Figure 7 shows the temporal variations of echo intensity measured by ADCP. Red points in Figure 7
shows the sea surface and blue or green points the depth corresponding to three times of significant wave
height (Yoshioka et al., 2003). An ADCP uses ultrasonic wave and analyze the reflected ultrasonic wave
to get the vertical current profile. Echo intensity is one of the measurement objects and corresponds to the
amount of substance which contributes the reflection of ultrasonic wave.

Under stormy condition, a large value of echo intensity means that entrained air bubbles exist so
much and indicates the magnitude of the vertical mixing process. In each case, large values of echo
intensity are observed when typhoons come close to the observation site even though some data missing
occurs in case of Jelawat. In case of Jelawat, a clear single peak exists in the temporal variation of echo
intensity, and a large value of echo intensity is found in the deepest measurement layer. This result means
that the influence of the vertical mixing reach to the whole measurement layers of ADCP.

In cases of Talas and Roke, the temporal variations of echo intensity have some peaks. When the
typhoons come close to the observation site, large values of echo intensity reach to the deepest
measurement layer. In addition, high values of echo intensity are observed before the typhoons come. In
both cases of Talas and Roke, long-period wave conditions continue before the typhoons hit the
observation site, and this results indicate that long-period wave have some influence to the vertical
mixing before the typhoons comes.
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Figure 7 Contours of echo intensity (including depth related to wave height)

In the intensive field observations in 2012, water temperature near the sea surface has been observed
at 1m interval in vertical direction. Figure 8 and Figure 9 show the contour of water temperature near the
sea surface and the temporal variations of wind, wave and temperature (air, sea surface and the shallowest
point), respectively, in case of Jelawat. As shown in Figure 7, a clear peak of echo intensity is observed
(around 710 hrs), and it is expected that the vertical mixing develops well vertically.

In Figure 6, it is found that water temperature near the sea surface falls down in case of Jelawat. It is
found in Figure 8 that the drop of water temperature occurs after about 6 - 7 hours of the peak of wind
and wave conditions. In case of Melor in 2009 (Mori et al., 2010), the drop of water temperature occurs at
almost same time of the peak of wind and wave conditions (see Figure 4 and Figure 6).
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Figure 9 Temporal variations of wind, wave and temperature in case of Jelawat

As the results of the intensive field observations, it has been shown that strong wind and high wave
condition give considerable effects the current profiles and the vertical mixing process around the
observation site. The vertical profiles of water temperature are influenced by the wind and wave
conditions due to the typhoons, and it has been found that the mixing process under stormy conditions
and the decline in water temperature after the typhoon passed are observed as common features caused by
the typhoon. However, the temporal variations of water temperature show different characteristics, and
the measured results underline the needs for the continuous observation activities and multidimensional
data analysis combined with numerical simulations.
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Water Exchange at the Mouth of Tanabe Bay in Kii Peninsula, Japan
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Tanabe bay is a small embayment connected directly to the Pacific Ocean to the south, whereas frequently suffer from harmful algal blooms
due to sewage effluent and the local aquaculture industry. For preserving the ecosystem in the bay, it is necessary to understand an oceanic
structure in the bay along with water exchange at the bay entrance. We thus conduct a comprehensive investigation consisting of a shipboard
measurement, a season-long platform observation, and a triply nested high-resolution ocean modeling. The water exchange at the bay mouth is
largely affected by semi-diurnal tidal currents and episodic subtidal intrusion of the offshore water controlled by mesoscale circulations.
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