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Generation of Higher Mode Shelf Waves

Yutaka ISODA and Yasuhiro ISOGAI

Abstract

Shelf waves have many modal-dependent structures in their cross—shelf dimension. The current fluctuations
on the shelf areas in the world oceans were frequently dominated by the second or third mode. Theoretical studies

show that all mode waves excited within the wind forcing area starts propagating after the sudden onset of forcing.
Thus, the generation of higher-mode waves can be predicted theoretically, but intuitive understanding for its
physical mechanism is not easy. This study suggests that modal-dependent structures are temporally formed as

regarded as the scattering process of vortex eddies.

The scattering gives repeated rise to an eddy with positive/

negative vorticity generated by a former-formed eddy with opposite-sign vorticity, according to the conservation of

potential vorticity.
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Fig. 1. Model domain for the channel in which the disturbance propagates ; (a) plan view with wind-forcing region
fixed at 0<x<L, and (b) side view showing simple bottom topography in which the depth increases

exponentially with positive distance y =0.
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Fig.2. The instantaneous fields for (a) volume transport vectors and (b) relative vorticity at times of 16, 36, 76 hour
in the Cases of W and V. The symbols el, €2, e3 and cf denote the locations of three vortex eddies and coastal
current, respectively.
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Fig. 3. (a) Dispersion curves for the lowest forth modes of shelf waves. Gray scale of each curve line denotes the
relative value of Xb,. (b) Upper panel is the same as figure (a), but the representation by relative value of Xb,,
A(k). The inclines denoted by three dashed lines show the estimated propagation speed of vortex eddies of
el, e2 and e3, respectively. Lower panel is the amplitude function A(k) of wave packet for the disturbance
with forcing scale of L, =100 km.

Fy(y)= Ayexp(Ay)sin B,y ™ (@) Hu, (n=1.2.3)
LD, THRE—F n OESREBINCTDH 3, Xb, O 10 - -

SRR IFE 1 E—F 21032 &, F2E—FIZ
051, #3E—FI13043, FEA4E—FIF028 482, 2hd
DEEERIZ, HEHSESRNIC B 1T 2 I OIRIERIIERMER € —
FIRIZFERZI W ER2ERL TV 3, 00 ——— S

E— N nICB T WA HAT R TR % u, £ 55
r

1st

Hup =~ (. 1) ®) 10
L75%, Fig 4 O LEICIZHE Hu~—dF,(y)/dy DFE (b) Uy (=123
G, FEAC AR w~—(dF,()/dy)/ H(y) DRt . ™

SHEE I~E3E—NETRL, &E—FOSMITHRAK
ETHEILL T, B, DEIEFTEERB D (b4) X 5,
Za—h VR AW TE=248X10"° 5,=5.16X1075, ond
B=808X107° LB S N %, Fig 41277 3 iz B L \
(0<y<Ly) OHIOBZIE—RNnTn—1TH3 LN
brbd,

ETOEROBENMEAFRE S s D THIUL, Fig 3 (a)
DA EOBHFIES NS EEZTH v, Lo, 10 J
BRI LT BRMEPHCH D, i S 12 FEH Fig. 4. The cross—shelf profiles of (a) Hu, and (b) u, for
BOPBAHIHIRS 15, 2 ANTEEL AT T VO the lowest three modes (n=1, 2, 3), determined by
THISEIE, TS S N D DB A(k) 1%, TOTEF the eigen-value problem theoretically.

0.0 S y=L,




P& - B H -
B &N D wave packet & 725 (BEH - #RE, 2008),
A(k)=X, f sm( )exp( ikx)dx )

L,=100km & L7z & & D A(k) 534 % Fig. 3 (b) O FE&
WL, BEGHIR % 0 2 7z BAALIREE 24 72 D O I B LS
(Xb,A(k) fE) DR/IN% AR 20 8 TRILUE L 72 8
HE#REAS Fig. 3 (b) D LEETH S, L,=100 km & > 5 il
T, FEFBUSEAVERBOEMES R 2 &
PEHET 5,

Case V DEtEHRRE
BB & & b ICRET BiBRNDIEE

IR LTz Fig 2 245 &, ROREHE & & b IR el
(RIGFETEID), MEPE e2 (KEEHEID ), &R e3 (KKEEHED ) -
PIEZICFEEL, ZsITFICHERIN GRELATFICHR
Ho) BEIL, 4 USRS 2 T Tw 5,3 U0
2, 2O OO HFLSEHIRER & i3 2 KL % HAR
b5, 2D/, THHEREEOAN (x=100 m #isT) 128
U2 EMITEORE R T =5 —F 5, ZOETETE 2 Al
i HEETE L, S OBRY S REIREE A~ D
Ui O WL W, 7z, T HIUSAM & ikt & AW

EWERITFEL L, HHIPHTEAET 2 FFH O R R
BEICE LR 5, 22T, Fig s ORISR LZFIET,
B C 7 i OfEBR LA L InRROWR Z25HH T 5. Z0OK
1 Case VORI t=36h. DFITH Y, ik FHbwT
T 2/ (el & e2) FAEL TS, © BEMS (200
km>y>100 km=L,) 2B 245 X HOBEE V, %
HED D, CNDHETE 2 OIFRRE %5, @ Bk L,
oo I, MEFFORETE (—V,) 55k y, 23R
D5, ZOHIT p, 2 SIERIDEEEE D O 2 DIFLE
TEE T B, B Hu y, 2 O RN S FROTTENE &
My ECOBERE—V, *REL D, I HET
el DIEBRGIR E R %, @ @ L[RBRIC, W5 ORI
(V) L #iE y, 2RO 5, LoT, yp<y<y, OHFEH

Case V t=36h.
200km

100km

Okm

Q,
Okm 100km

Fig. 5. Schematic picture for vortex eddies (el, €2, e3) and
coastal flow (cf) at the time of 36 hour of Case V
in Fig. 2.

FIRE — N BN D

REFEHEID O el OFEFER L 25, @ HifS y 25
RER 0<y<y) ETRIECHEAETDOBREG S L
D, ZOEERE V, FEFEEANORHE 0, £FL <
55 2 EDREIN S,
EROFIEIHE - T, 1T el~e3 DIEERTLE & BT of
DY % 2 KB ETE U RERYIR % Fig. 6 IR d, &
B, 2o OFmRIITHTE Q OETHRBEL Th 2, 5
BOHIZEIROFEC L 2 LELNAEFNARE L, 1B
B o OFRE (V) XS 2EBAESNE DD, K
PREET B 120E-> T, BT L OiE (V) BHtE Q
TIFIFFEL L 5o BIWmO LA 5RHISER DAl %
T2EE, TR OERMBERIBAMEE &2 2 ED8bh
%, ZOEHNZ, Wiel 28 t=16h. DT %, FEF 2 2 t=
36h. DT 5, Wi e3 M t=T6h. DI ATH 5, SElTRm LTz
Fig 2 DAL, 2o DORZIDOb DTH 5,
BITILIEFIEEAN THREL, WIh b AINCEEIL T
WEZ s, CREEEMET S LN TE %, S
DOFERAORBEFH L W0, NI THEALE
Isoda (1993) OFFEIZHE, & & TIE =0 h. TRIKHZ
FELILREL TH D, TORED S &, FafilmEs X
L, % FECOMEEFZTE S &, 135 el~e3 DRI,
nFh, 174, 077, 035ms™! L85, TS DEREEEE
% Fig. 3 (b) O/ EHRRKICHBHROEE THRR LTz, i
el~e3 DIEFEREL, ZNZFh, 3 1~5 3 T— N OEEMIE
DA (E721%, (BB OFERE) Xzl
TWbEIEHZ D, FIAZEL 2nw—EOF %
TolARE T NVEEICBWT, Wi e2-e3 ICBHR L 2EX
((2-3) E— FEOENTHE IS,

ﬂ cf (Vo)
f\;\ M“ \»« \f\/\,\/’\/’\ W

1.0 1

Relative volume transport (Vi/Q,)

el (Vy)

1.0 -

Fig. 6. Time series of relative volume transports of vortex
eddies (el, €2, e3) and coastal flow (cf) along the
cross-section of right-hand side forcing boundary.



dt K Kk FE # # 60(2/3), 2010.

B el~e3 DISEIRSE

Fig. 713 (a) & (uH, vH) DX 2 b VR, (b) tH
SHEE ¢ OERIETH 2 I N—F IH frv (2 T,
Br=(f/H)(dH/dy) \$HIE~R—2), (c) MXHRE & D
BACH4ER, 2 LT (d) BT mOUERES: v i Fig 4
WRLUT&E— NS (1, & u,H) % H/NEIFTET fit-
ting S TE— ROMEL Tz x BT EOIRIESHETH %,
HEAKHNZ, Fig 6 OyiaREZ B Okl _Fic BHL
FI%ffJ72 t=2h,4h,8h, 16 h. (IEF el HSTREIHEE %1t
T B, 26h.,36h. (ET €2 HSTRHIFEE 2 i3 5 K,
56 h., 76 h. TR 3 H3oaHIREIER %2 i 3~ 2 K§Zl) TH %, Fig
2 L[AERRIC, TR (uH, vH) D27 VAR & 1T el
~e3 DFRD SN BNBEIZETLEEZRL T W5,

U oI, BEERNRFEIRTH 2 (d) KDE 1~F 3 E—
FIRIEDOIFEZ LI DWW T, (a) IDOTEF el~e3 & OBEHR
PIEE 2 M SERT B, t=2h~8h. DA, ¥DE—F
DOIRIE S KEHEINT 253, % OBIERIZER T — R iE
ERE WV, 20D &9, IRIEEIIERICENZ D 528, 5 1~3
T— NEERRCEE S Wiz LR E S, £ 250, 20
HART, TRFIREERN TIRIEHE el Lo &, 1 el A3
SEHIREE R 2% =16 h. D Z A, B 1 E— FOEIE
PR E72D, ZOMA L5 x HIAIZIER el OHLE
FIERCMBECH S, ZOL S, mEERTIEE2E—F

DIRIEEE 1 € — N OIRIEZE Z 15D TV 5, Isoda (1993)
kT, IEIEEIERO/NSBHE2E— N ThHh->Th, fif
FERREE (F 72 3BEHED) AV Wiz, SRiIEE % B L 72
FBIE-FPIVDIRERRFEE THETE 2 LRI
%o 58, TEHITEEHROLHIT TG 2 258D S5 43,
Z OHUMEER 2 T — F OIRIEL MK & 72 B 00E & 13—
TV, &AM, 5 el DBE & [FkE, WU o2 H35aEkH
FE 23 BHFZ] =36 h. D Z 51255 2 & — R OIEIE
KERD, ZOWHA x HILIZET e2 DHul &I IFE UAL
Eickhb, 20L&, IEHIFERTIEE 3 €— N ORIENE
2E— FOREZE 2 17D, WK 3 FHEL TWw528, ®
XD, ZOdUMIE 3T — FORIELSEA & 202 x HiSiz
—E L TV, 1B el-e2 DS L [FRE, 1T e3 H35aEH
FEIR 2 i B BEL] =76 h. OHULMIEIZEE 3 & — R OIREIE
AL %2 x I L IZIZRICIZ R D, ZOREHEIZE
1 2F—RXDHKRELSEo5TWE, ZDEIIC, T—F
BAZoHEE L 755G OB Z OFRIE, XU TR
L7z Isoda (1993) DL L HFE LRV,

SR, Fig 7 (a)~(c) ORI NzERZ L2 —HE DY)
HHIR L WO BRTRR T %, B & O EHIm &
DEFRE 725, 2w 2, EEWIEA (1=2h) kLT
ST S B AR IRV AN 2 B D (Brv>0), BEM -2k
EOWE (£>0) 2H#ET 25, 20X LEEOLEK T
PERFRNCHE S T2 b DTH 553, ARFHEBEIZLML T

(a) (uH,vH) (b) Biv~a¢rat (c) ¢ (d) Mode
14(’—(&1) CI::102:11091~;:§§ Cl:2x10%s" AmplItUde
200 . 2
t=2h.
t=4h.
t=8h.
200-, 200 0.7
o 0864
— ‘é 0.5
- € E o4
t=16h. £ 100 1004 5 03]
< 0.2
04 ol ,1°> g::; -
50 0 100 150 -50 100 150 50 0 100 150 50 100 150
x(km) x(km) x(km) X(km)



BEH - 3R mRE — N o R

(a) (uH,vH) (b)y Biv~0d /ot (c) ¢ (d) Mode
1.0(mesT) Ol 2riols? Amplitude

—10 X% 10352
200

Cl2x10% s

100

y(km)

t=26h.

y(km)

t=36h. 100-]

t=56h.

1004

y(km)

t=76h.

y(km)

100

100

Amp.(m2s1)

Fig. 7.

ot == [ ol
100 150 50 O

100 150 -50 0
x(km) x(km) x(km)

100 150
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constant outflow from the coastal boundary. The symbols el, €2, 3 and e4 show the locations of four vortex

eddies.
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