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Coastal Ocean Modeling by the Nesting Method

Xinyu Guo, Sergey M. Varlamov and Yasumasa Miyazawa
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BT HGHICHETH A, MDA, KECESHORFLHRS A v ¥ a4 XOFIEETH Y, HICBETEED
KBEARFEREETHHIELEHL 2D, FOME, BHOHMEY 7HEKEL Y, IVEEMICR S, BEES VI
WHREBATLHILIZLY, BERTOHPREEGHEDNCD, BHEHESL/NEFFHBED X ) 2B EICE A M E
T, PRI ORE L F NI L A EEBEOESR N, T4, MWsZBLAVEHETVERET AL, @RI
DRAAZERBET VT, M 7B REE R, BRKkERoBiEllEE, £ L THEN»S/NEREE T TOEE
OEREVPRONL. 20X ) REBERMENLCIEE LT, BRI, 5IBERTE COBEERRES I ET 5.

By applying the nesting method, which embeds a fine mesh model within a course mesh model, we constructed a Kuroshio
model within a Pacific model, a tide model for the inner part of Seto Inland Sea within a Seto Inland Sea model, and a tide
resolving Kuroshio model for the waters around southern Japan within a northwestern Pacific model. The use of fine mesh
reduces bathymetry change due to smoothing and the model bathymetry more closely approaches realistic conditions. This effect
is remarkable at shelf slopes or scour holes where water depth changes sharply.

In addition to bathymetry, horizontal gradients of water temperature and salinity are also sensitive to the change in mesh size,
which is remarkable at the area close to the Kuroshio main stream where a sharp gradient can only be reproduced by the fine mesh
model. With increases in the horizontal density gradient, the vertical shear of the current becomes large and the Kuroshio
becomes more baroclinic. As we introduced tides into the Kuroshio model, in addition to tidal mixing effects in several coastal
areas, the occurrence of internal tides and corresponding changes in the density field are found at the Satsunan Islands and
Ogasawara Islands areas, where the bathymetry varies significantly. Compared to the model without tides, the Kuroshio in the
model with tides moves close to the coast at the Tokara Strait, far from the coast offshore the Bungo Channel and close to the
coast at the offshore areas from Shikoku Island to the Ogasawara Islands. Such onshore and offshore shifts in the Kuroshio path
result in apparent variations in the water temperature and current fields from the Kuroshio main stream to Japan south coasts.
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5.

MIATRANFE T VIIELEANFE TV &) HER
ThHHY, BWMWICEETHE. LD V—TT
X, W<OPDRFEANTET I & T 0L B
F L CTv» % %% (Miyazawa and Minato, 2000” ; Hukuda and
Guo, 20047), SREIOEMOY I aL—YarTik, N
FHANFETF VTR, BHRARTET LV EHW
72 (Guo et al., 2003¥ ; Miyazawa et al., 2004" ;
Miyazawa et al ., 2005% ; Guo et al., 2006° ; Miyazawa et
al., 20087 ; Miyazawa et al ., 2009¥). Z DZRILIBEI
TOAT = VONSVBEPRHICHEL 2 LR
ELTHZLTH 2.

ANTFET NV ERBET HBEOFMBRERS, 7282
BEEF W EFEFVEDOZ) v A4 ZOFIBE (Spall
and Holland, 19919), MO Y > (Zhang et al.,
1986'), BEREMHOME (Oey and Chen, 19921V) 7 &
ZOWVWTIRBEDNSELIE SRS N2, 22T,
ANFTEICL BTNV OKFHEE O LA T &
WMORTERRICGZ AEE L ZOYEMR, F-@kx
B AN BHEOFBRERNT 5.

2. BAMANFETIVOERBREBADIEH
19974E10H O#ER 7 1 > 7 4 THIE Y AT L DF%ALIC
RV, HARBE T e (Japan Coastal Ocean
Predictability Experiment; JCOPE) 7H ¥ = 7 hASi. 5
FFS 7z, JCOPE DILIRIZ DWW TIE, Miyazawa et al.

(2000)9 % BHR S 7=\, & ZTld, JCOPE #1H OB
BN D—BRCH-o 7R I 2L —va VORERER
N5,

HEHIERO—EH Th 5 B#lL, WHEA T — IV OEGR
X ENLD D, BLEORGERIEAI S RS
N5, BERE EOKEEIEORE G, 728 2 ITH
VRO T, AKFEHMIZ20~30km BEIT 5 &
KEPEEA—MVEDL, ZDOX) 2E8HEFERT
BKFEZ) v N (<10km) & HWTKFELEE, H5
WAL RS2 EHE T 4 2 L3, 199748 L2 IRRE T
Holzlzd, ANTFETHUT LI LIz,

B, EBREMICEELOREBEANFEFVELAT
HEEIETIV (Guo et al., 2003) THA. HFMAN
FFEEZH, 1/2EOKFEET IV (FHO0E~I
TE708, BURI00E~TE#R70/) # FFMHEL, X561
1/6 EDOITERTHET IV (FRE~Iik63E, HAE110
BE~175) %42 T, TRIIZ 1 /18D BAREE TV
(big24fE ~ 4458, BRE1ISE~150/) 1M L7z. =
NS DEF VILT T Princeton Ocean Model (POM)
(Mellor, 199812) %#~N—2Z & LTHBY, $HEHFMI21

DY IEBEETLH. EFVOME, HEHELE T A -
y—, EFVERET L4 (AIET, 77 7 X,
KBNS L REKIR), BHESHE, TTVHORD
WY OFFICOWTIE Guo et al.(2003)Y % SRS iz
V., ZOOFETF VTR THARLHE (245 ~ 445,
FARLIBE~150/%) 2 W& LTBY, ELICFALANT
BREh SN TV 27280, ZORBEBTO=20DE T IV
BERBET A L2 > T, EFNVERDIKFHEEN
DRI R FERR T E 5.

ZODETFIVKEERBT AL, EFVTRHATAK
RABEIIKTRGE ARG T D eWgh oz, 22T
Wby 7 BEEF VT, BIEEE2 Iz 5720,
EFNVREZFBILT A ED—KINTH B, TDORE
£, EFNVHOKBEACIERBEDZNL Y EL DI
B, ETNOT) v B4 ZH/NE R DICHE, Tl
ALIZPE D KBS NS R HDT, EFIVTRHPTE
BRI & ) EWEIED (. Y F O EMZA
WETRIDOREDPERICHEETH D (Guo et al., 2003,
Figure 3). E7 NV TRILT 57 O MFEREE b KFH
BRI S 5. MERBRICEY, MEOHEIRIE
BEOKFABRIZHHT S, ISR 7) v FIIERER
BENREPERTE L0, TFVORBEEDN I
Vv, BEIMNTEOKFEELOES L CERTE, ETVAN
DRI L VBEELTEFEEFTHI L% 5 (Guo
et al., 2003%, Figure 8 ).

PAE Tl 72 E 7V ORI OIR LI 5 KRS
AL L BMEAR OO GRS BEIR I EET 5.
IO LT, WMEARRICL BRI N - SER LY
bitE% A9 5 JEBAR (joint effect of baroclinicity and
bottom relief) JHOBEALIZ L > THEICRTLE A Z LS
T%5% (Guo et al., 2003%, Figurel5). &7 )V DKFE
BEOM I, BRI & BEHOBEHEENL YR
EMICRHASINLDT, iz R@inE & B
WHEDN L VHENRLDLER L, ZORRE LT, KiE
HJBC & BB O MR S L7z JEBAR THAS X 1) IERE IS
FHEINBZ LIRS,

3. MFREOEY - BRADICH

WP U D 72 5N OIRIEREE, IRIE - A4
DEfEMERRZEGZILMbRTWS (W - 4
1, 19819). #7z, Wi I BEokEREEeHKYw 70 v
FORBICEERZE 2 RTZLThAZ b L CHbn
TWwb (Takeoka, 2002). ZHZ &b, BENEL
BB A FRAEROFE LA HHT 5E7 L (Chang
et al., 2009%) (ZIZEHY - BT 2 IEREICECD At 2 &8
VEEE D, 22T, LkmfRIEE L2250 m fRI1GE % #
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lkm A v ¥ 2 %€ 7 )V O FEBKIZ131.0~135.5E, 32.0
~34.8N T, MEH - ABEEH L I NN - L TWw5
(Fig.1a). E7 VL IODC D 1km A v ¥ = KiE
F— 7 LETHEREN20m A v v alBE T -5 2 ab
TR L7z, & 5102, R OEHE 7 M= AR
(131.0~135.5E, 33.8~34.8N) TIIKEF — % % ifi
B2 siiAalls7. 250m A v ¥ o2& 7 IV sEEI
132.18~135.43 E, 33.86~34.8N T, 7 ML D
PR £ EATWS (Fig. 1b)., KEF—¥ %
250m A v ¥ a2 THMPOEHICHEI - 72720, 1
km A v ¥ 2EF )V (Fig.la) £V, 250m A v ¥ 2
FTITIE, LYVBEEMIERHEETZ EPRATES.
FEEODETFTIVTE B I POM DKE 2 KICE —
RT4T 572, 1lkm Ay ¥V 2 EFNVOBREMEIIEN K
YEDBARFLHEFEE K E TV (Matsumoto et al .,
20001) DFERE, 250m A v ¥V 2TV OBEREMHE
lkm Ay Y aETVHEREZZENENFIH L2, £T7V
[N/ TF A—F — T Tablel DB THDH, EF
WKIEDOR/MEIX 5m & L7z,
EFNVIEROR YYD 720, A2 & [FEEE R

L . . L

B THRNEROKF5H 2 HERDOME (- 4
[, 1981%) kltErlL, &5IUTFostEREHwT,
BTV ERREFT B R 7253 O FRAE B D "I
FMR % RO 7z, Bl pT O AL LR TR RIS
L hHMERE G LRET, 1992'7) »HB7k.

Wl & RLART 5 O R FHFEHR |

RMS = )
Niiél 0.5(1415,1- —2Ami A COS (0w _UTL‘>+A72*,-) : (1)
JRIGD 5D _FEPIPE IR |
RMSA = 7\,1—% (A AAT{)ﬂZ (2)
i=1
BARD 20 ZFFHFHIR - |
RMSP = %% (O‘Mi —O'Ti)zr (3)
i=1
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(a) Model topography for the Seto Inland Sea and offshore area with a 1-km resolution. The

embedded frame indicates the area of the model with 250 m resolution for the Seto Inland Sea

inner region.

(b) Model topography for the Seto Inland Sea inner region.
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Table 1  Parameters used in two tide models for the Seto Inland Sea.

1 km resolution 250 m resolution unit
Time step  (dte) 1 0.5 second
Zonal mesh size 1/80 1/320 degree
Meridional mesh size 1/120 1/480 degree
HORCON  used in 0.1 0.1
Smagorinsky formula for
horizontal eddy viscosity
Bottom roughness 0.0003 0.0003 m
Minimum depth 5 5 m

Amplltude(cm) of Mg

Phase(deg) of Mg
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Fig.2 Comparisons of two model results and observed data at the tidal gauges for Mz tide. The upper

two panels show 250-m resolution model while the lower two panels show 1-km resolution model.

The left two panels show amplitude while the right two panels show phase.

RMS are defined by (1) — (3).

B EWE T VAEROEATIK % Fig. 2 1R T, RIEO 5
W EHFR (RMSA) 1, 1km EF N DI2cm §5 125+
LT, 250mETF VA 6emis T, FTITFE L. A

(RMSP) %, 1km EFIVOEHNS250m EF D10
EETHA LA, IREEAMMAFOFME LT, RMS

AHBem 26 7Tem FTEHA L TWb, WlEETO Mgy
W OIRIEA100 cm BifE 7% D C, BEE DR EIPEW,
MR EEBBLZE5~10% D L2z 5,

RMSA, RMSP and

1km E 7V £250 m € 7V 51572 Mo O SR
HONKTEDA 2 T 5 &, REWEE, BRI, M

MED & 95 e IR CHEPRKE W Lrn, M
ETIVOREMEENOFEFHEN, B L OHA B
MR A DS 2 (FRiE) & FIEIEE (f74H) % Fig.
3IRT. REFEEOTE L SHIZT T, 1km EF IV
THI L7 M OIRIE (Fig.3b) XEMICKE %
BOITRL, 250m E7NVTHHL - @ (Fig. 3a) i3,
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Fig.3 Distribution of Mz tide amplitudes around the Kurushima Strait from 250-m resolution model
(a) and 1-km resolution model (b) ; distribution of M2 tide amplitudes around the Akashi Strait
and Naruto Strait from 250-m resolution model (¢) and 1-km resolution model (d) ; distribution
of Mz tide phases around the Akashi Strait and Naruto Strait from the 250-m resolution model (e)

and 1-km resolution model (f).
tidal gauges (dots).

—HAEL o THROTFOHMNT 5. AN THEEAVN
S B EBEREFTOBMEIZS A5 s (Fig. 3
a). —7F, BEEREDOREIGNE 7NV E b A R
OWETiR/MEE %2 5755, 1km €7V (Fig.3d) T
28cm C, 250m E 7 )V (Fig.3¢c) Tidlbem & % o T
Whb . IRETET ORI O R/AMEA KB em TH B Z &
5, 250 m ET7IVOFERDIT ) DSBEEICE .

S B il % B A T Mo B OALARZAL I3 T E 7V D f
RONZIZFELCT, EHICHEMEL L CHHAL TS (X
A, —H, WHEEEZ A TOMMEELEZ, 1km
E TV TIR210E D H270 £ TO60ETH 5 (Fig. 31)
75, 250 m E 7V TLE2108 2 53005 F TOOET, 1
kmEFIVE YI0EBEIML T 5 (Fig.3e). BiEipr T
W L 7 AR 20122108 2 5320 F TO1I0E TH %

The numbers inside each panel denote the values observed at

ZEns, 250m EFNVOFBEEEICEOVWT WS,
ME P Cld, 1km € 7V ORLAR ALK E 8 190
A B BRI D290 F TEALT 575, 250m £ 7V I
1908 7> 5 3305 & TZAL$ 5. MR TId2008 2 5340
JEETOMMEMSBREERTWA D, 2 )250m
TV ORER BB,

FBUEEEIZ BT 1km T 70 £250m E 7 IV D E W
D5, REWEAN T O MA@ ORI 133K B kAN
DT/ T 2 LHEETE L. KB TIE100
m & DECHIPS WA, KEPRICEL 2 5EE Ok
H>100m) AMAREHT S H A, 250m TV OFERIC X
5 &, WERIED R/ MEASR B RO WS LSBT
Wb 720, BWIREORMNEL T HET 512, EE
BOALLT, TOL) LKROBEDERAT HLE
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BHBEEAS. WRDOLIZ, EFLVDOAY Y2t g
DINE 2 BITHEVTEALICHE ) KRB b I 615
DT, BRGETTVIEISET LML L(KRBTET
WwWhkwz b,

=7, BZEOREMIIE, BAEIE & 05 ik 2 5t
ATHRAZEDSE 2 TWAD, 2 RIRHEROREE DR
EVEOBANCERT 2 EHETE S, WrmkaAVh & <
USRS 2 1), R &I X 2 BRI K
<Ry, UHELYVERLNLTHL, 728 21E, B
D & 5B O Mgl R ORIEL LS 5 L, @l
BEDI80 cm/s 12X LT, 1km E 7 NVIE92cem/s, 250
m E7NVIE132cem/s & V) EIEEE B LT b, 250m
ETNVTELRRETEZ WD, EEICEHIEICEDONT
WhEWz 5.

4. B - BREETIEHETV IANDOER

INET, ANTETVFRICLBBRHEET IV EHEA
WIEOEW - BIRE TV OFEB 2 G L CTE 208, &
TR EY RS ICFEEL TWADIF TRV
72, BEETIVICOMEL MBS ANIZADPLEE
L, BABERESRE R L LR b 0FAE LTI
AT 5.

HAR F 2 it 5 Bl IUN D 6 TEE TORFED
BHRICHZ TEELZ 52 TWwE, 2088, 2e21E
SWOFEIEHETORE L MEIKTET S & A
2, RFEEHON & BB M I b KAET 5 (Takeoka
et al., 1993%). FRWIGEER T, BUBREIEIRIC
WAL, Kl - /INBDOF A 7 ik TEIELTw A,
RVIPETYH, NEEESRERAICEIRL, REICE
BLTw5h,

e & ALEEE TV (JCOPE-T, T 7% Tide % &Ik
LTw3) OFFEMFE Fig 4 1R, EFVDA Y
Va4 RGREE R ERE SR E 12 1/368 (192
~3km) THY, WEDICOPE2 (Miyazawa et al.,
2000) D 1/12F X 0 i, SREFMI4TY U8
BHY, TNIEHEDICOPE2 LR LTHA. EFN
DNX—AXPOM TH O, SRR 2 7 v 71X 28 C,
AT v TIE40R & L7z, B DA o BT R 4
EANFFEICL > TICOPE2 1 HBTWAE, 22T
JCOPE2 ICHMIWRIENE TN TV AW L 24T 5.

W E LT, BEDEEERPO Ao T A AR
KoM FE%BAT H. #i#J)1d Kantha and Clayson
(2000)9 & FARIC, KfZick L TR OES 2 51
CINES 5. FSRTIE, EVRXAEOHEEERET IV
(NAO. 99b ; Matsumoto ef al., 20009) 25H L7-16F3E
LS O PR B & KO 728% &£ @it %, JCOPE

35N

34N -

33N s

32N

130E 132E 134E 136E 138E 140E

T

LI R
4362 4875 5587

306 1913 2525 3138 3750 76200

Fig.4 Topography of tide resolving Kuroshio model (JCOPE-T) for
southern areas of Japan. Thick contours are plotted with 1, 000-
m intervals, thin contours with 200-m intervals and the area
deeper than 1,000 m is shaded. Maximum model depth is set to
6,500 m. Positions of tidal gauges are marked by dots with

station numbers given in Table 2 .

2 OROEHEE L IFERIEINEST 5. MEHE
EERWITHRIENTH 2755, ~EORBELIT-72 (L
37, 2005%).

EFTVEMEIZ20084E 7 H28H » HBAtE L, A%
W% LOICOPE2 DAERD LR L 72 D% W
7. WWOMBERET A0, [EHY ] & (W
L] Ewolzlr — A%, 200848 A3IHE T 1
r ARTE LB, &5 ABOFEREE HWTlsr — 2
DRI T D, W7 — A3, MWD TIIE<AL
MG LSRR e i L 7.

[WwdHh | r—AcHoniz8 ok Eibs
BHTOBE T — & LB L7z (Table2 ). 2EBI5HD S
B, ALE (Hachijojima) % 13 IZHIRIMREA0. 9611 F
Llpote, 7z, RHERERLENT -5 0 TR ES
MR/ E T AR o 3 Earblak, 10 cm 2 DL
TIHZON TS, BlllfE L FHEEOREREL A5
L, By HERRTHEIRE T T 7V BHAME & MR
OKMEFEEZFHEL TV A2, A N TIHE/ANET
fili, HIFETIERLBEAFFME %> Tnab.

INLE DKALZAC IS R i A7 B 1258 < IKFF 3 % 72
O, EFVHOBMTHMABNEE L TOREL L,
REG TRV EHTBPE LA LR D, HRE L E
FWNlETOFBREOK T, KEREE1/36E0
JCOPE-T Tid, WERWNEDEM 2RI+
FIZEBLENRTVARWS L ARRIEBLTWA,

#wdHy] & [MEEL] Oy —ATHBELLE
WiEs (Fig.5) JIAREN R, WE L &M
BLTWS., REPGICHEZEDOEN S 5 i E%KE
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Table 2 Comparison of observed and modeled sea level variability at 15 tidal gauges. ‘R’ denotes the correlation
coefficient between model results and observations; ‘RMS DIF’ denotes the root mean square difference
between model results and observations; ‘SD OBS’ denotes the standard deviation of observations from the
mean sea level; ‘SD MOD’ the standard deviation of model results from the mean sea level ; ‘ADJ’ the
adjustment in mean sea level between the model results and observations; ‘LON’ and ‘LAT’ denote the
longitude and latitude of tidal gauges, respectively.

Tidal gauge name R RMS DIF, m SD OBS, m SD MOD, m LON LAT ADJ, m

Japan Sea, East-China Sea

1  Hakata 0.984 0.08 0.44 0.46 130.41  33.62 2.34

2 Izuhara 0.984 0.09 0.42 0.47 129.29  34.19 2.42

3 Sasebo 0.99% 0.12 0.70 0.79 129.73  33.15 3.34
Pacific Ocean Coast and Islands

4 Naze 0.983 0.09 0.50 0.51 129.50  28.38 2.45

5  Nakanoshima 0.981 0.10 0.53 0.51 129.85  29.84 2.26

6  Odomari 0.992 0.08 0.62 0.62 130.69  31.02 3.54

7 Nishinoomote 0.989 0.08 0.52 0.52 130.99  30.73 2.79

8  Miyakejima 0.974 0.08 0.37 0.37 139.48  34.06 3.03

9  Kouzushima 0.979 0.08 0.40 0.37 139.14  34.20 2.46

10 Hachijojima 0.677 0.28 0.34 0.36 139.81  33.13 1.70
Tokyo Bay

11 Chiba 0.968 0.12 0.46 0.42 140.05  35.56 2.54

12 Yokosuka 0.972 0.10 0.40 0.37 139.66  35.28 2.24
Seto Inland Sea

13 Oita 0.980 0.24 0.52 0.73 131.69  33.26 3.82

14 Hiroshima 0.962 0.56 0.86 1.34 132.47  34.35 3.85

15  Tokuyama 0.986 0.41 0.75 1.12 131.80  34.04 3.31
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Bekgr: Mag of Daily Mean NO TIDE Current [m/s]+Daily Mean NO TIDE Current [m/s]
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Dep=1 m
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Bckgr: Mag of Daily Mean Sea Current [m/s]+Daily Mean Sea Current [m/s]
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Dep=1 m
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Fig.5 Comparison of 5-day mean surface circulation for August 27-
August 31, 2008 for simulations without tide (upper panel) and
with tides (lower panel).

WD (Fig. 9).
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Bckgr: Mag of Daily Mean Sea Current [m/s]+dev(Daily Mean Sea Current [m/s])
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Dep=1 m
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Bckgr: dev(Temperoture [C})+Cntrs: dev(Temperature [)C])
7TAUG2008~00Z31AUG:

AVE for 00Z , Dep=1 m

008 UTC (n_ogve=5, incr=1
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Fig.6 The difference (that with tide minus that without tide) in the
5-day mean surface current for August 27-August 31, 2008
(upper panel). The same as the upper panel but for sea surface
temperature (lower panel). The contour interval is 0.5 degrees,
in which dashed lines mark negative values. The areas with
difference over 0.5 degrees are shaded. Four heavy lines are

position of vertical sections shown in following figures.
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Cnirs: Daily Mean Eastward Sea Water Velocity [m/s Cntrs: Temperature [C]+Cntrs: Temperature NO TIDE_[C]
+Cntrs: Daily Meon Eastward Sec Water Velocity NO TIDE [m/s] AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_cv<_e=5, incr=1); Lat=31.9862
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Lon=131.402 0
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Cntrs: Temperature [C]+Cntrs: Temperature NO TIDE [C]
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Lon=131.402 600
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Fig.9 Potential temperature at Section 2 along 32 N for the tidal
simulation (thick contours) and non-tidal simulation (thin

: contours), 5-day mean for August 27-August 31, 2008. The
9004 vertical scale differs above and below 100-m depth.
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Fig. 7 The eastward current velocity in Section 1 along 131.4E for

the tidal simulation (thick contours) and non-tidal simulation (thin

contours), 5-day mean for August 27-August 31, 2008 (upper Cntrs: Doily Mean Eastward Sea Water Velocity {m/s /5]

: H H +Cntrs: Daily Mean Eastward Sea Woter Velocity NO TIDE [m/s
panel). The potential temperature at the same section for tidal AVE for 00Z27AUGZ008-00231AUG2008 UTC (n_ave=5, incr=1); Lon=135.012
simulation (thick contours) and non-tidal simulation (thin 0 W\ -

contours) (lower panel). 200 \\ ‘

400

600
Cntrs: Daily Mean Northward Sea Water Velocity [m/s
+Cntrs: Daily Mean Northward Sea Water Velocity NO TIDE [m/s]
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=5, incr=1); Lat=31.9862 800
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Cnirs: Temperature {C]+Cntrs: Temperature NO TIDE [C]
AVE for 00Z27AUG2008-00Z31AUG2008 UTC (n_ave=>5, incr=1); Lon=135.012
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Fig.8 Northward current velocity at Section 2 along 32N for the
tidal simulation (thick contours) and non-tidal simulation (thin
contours), 5-day mean for August 27-August 31, 2008.
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Fig.10 The eastward current velocity at Section 3 along 135E for the
tidal simulation (thick contours) and non-tidal simulation (thin
contours), 5-day mean for August 27-August 31, 2008 (upper
panel). CI=0.2m/s. The potential temperature at the same
section for the tidal simulation (thick contours) and non-tidal
simulation (thin contours) (lower panel). CI=3K.
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Cntrs: Daily Mean Eastward Sea Water Velocity [m/s%
+Cntrs: Doily Mean Eastward Seo Water Velocity NO TIDE [m/s]
AVE for 00Z27AUGZ008~-00Z31AUG2008 UTC (n_ave=5, incr=1); Lon=138.511
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Fig.11 The eastward current velocity at Section 4 along 138.5E for
the tidal simulation (thick contours) and non-tidal simulation (thin
contours), 5-day mean for August 27-August 31, 2008. CI=
0.2m/s.

Cntrs: Temperature [C]+Cntrs: Temperature NO TIDE [C]
AVE for OOZZ7AUGZOOS 00231AU62008 UTC (n_ave=5, incr=1); Lon=138.511
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Fig.12 Potential temperature at Section 4 along 138.5E for the tidal
simulation (thick contours) and non-tidal simulation (thin
contours), 5-day mean for August 27-August 31, 2008.

Vertical scale differs above and below 100-m depth. CI= 2 K.

Bekgr: Vertical z velocity [mm/s]
STD for 01226AU02008 00231AUGZOO8 UTC (n_ave= 120 incr=1); Dep=300 m
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Fig.13 Standard deviation of the hourly vertical velocity (mm/s) at
300-m depth for August 26-August 31, 2008, (120 samples) for

tidal simulation. CI= 1 mm/s, maximum value=16 mm/s.
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