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A Coastal Circulation Model for Continental Shelves and Surf Zones

Yusuke Uchiyama

FE s S Wt £ TR ER L72INRREIE T VT, Sl 54 7 3 7 200 L CTHRICEZ E 2 2 RO 5% IEHE
ICEETHIE, BLOMERBIOBELZR ) AG2ODYVFRAT 4 ¥ THMICE 25 > 20— ¥ ZFEEC L
YL B. ARMTIE, FEBUGEIEEE 7V ROMS (K L T o M AH T %) R % K #12 % /E L 72 ROMS-WEC £ 7 )V
(Uchiyama et al., 2010) OB L 5EAA METY Y 7K BREFEA ) 7 4 V=T ENOBHAFFUIOWT, P -
NAHEAEAEROERICE T 52BE % &0 THRAT 5. ROMS-WEC £ 7V Cld, RN R IEROIEN TH % vortex
force, Stokes-Coriolis force, Bernoulli head &, 49y CHEE & 7 A KIRIKEVE DRI 2 LE S IR B A 5 I~ 0 E Bl = i
HEEENEE L CHICEY RS B D 5.

Coastal circulation models applicable to shallow seas ranging from continental shelves to surf zones are essential to add
dynamical roles played by surface gravity waves and a multiple nesting technique to account properly for phase-averaged wave
forcing and offshore oceanic signals simultaneously. Uchiyama ef al. (2010) developed a ROMS-WEC model based on a multi-
scale asymptotic theory of Eulerian phase-averaged dynamics suitable to geophysical fluids (McWilliams et al., 2004) by exploiting
a state-of-the-art regional circulation model, ROMS (Shchepetkin and McWilliams, 2005, 2008). The historical and theoretical
context of the evolution of three-dimensional wave-current interactions is described during the development of the present model.
The ROMS-WEC model explicitly handles conservative wave effects (vortex force, Stokes-Coriolis force, and Bernoulli head), as
well as non-conservative accelerations associated with depth-induced wave breaking, bottom streaming, and wave-enhanced
vertical mixing. Quintuple-nested synoptic modeling with ROMS-WEC is presented for the Southern California Bight, CA, U.
S., forced by double-nested WRF and triple-nested SWAN products.
momentum balance over the inner-shelf region through the additional Stokes-Coriolis force, leading to modification of the flow

Wave effects pronouncedly alter the quasi-geostrophic

field at depth down to about 800 m, which is much deeper than wavelength scale and wave-modified Ekman boundary layer

thickness, typically of tens of meters. Abrupt eruptions of offshore-directed rip currents significantly enhance lateral and vertical

mixing between inner-shelf and surf zone.

F—7— F - FAAHEAEH, ROMS-WEC 7))V, ZEAAT 1 > 7, R, WE sk

1. EU &I
FEMIIE 2> & Wiy |2 28 B i, e o7 14 7

(Wolanski, 1994V ; Restrepo et al., 2014%) &IFIEI 2 IR
VKA T A2 E03d 4. TR LT, BHEiil

FA 7R, WO NMIFE 2 &k 4 % R CHEEZ
TEl e RTHBTH ), IR BT 2 WEORIIL
HUTEIC A S N2 IR RY - e T mRa i 2
O 9 BRI, Bdkms A O W B A3 103 5 B
WHr b3 Es 2 EPMOTEETH L. Wi,
WA D FEIPIT TN O SRIEIEER 1Z & o TR & i
KAz LTy 7 & LTEM L, [sticky water]
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WD g2 @ U T, WICHEI S 2 3T 7%
undertow <° B 52 I 55 O W IR i R A T — R ) o0 i
IRASHN R L CEEREH 2 H-> T2 2 & S HE#RS
nWooH% (BlzIX, Lentz et al., 2008” ; Omand et al.,
2011% ; Ohlmann et al., 2012%). Z D X 9 7y — k&
AR O BRI I3 1T B MG BRI & M & & WEETEER
ET IV EHCTH—2D SIRITCWIHT§ 5 72012
W, - RAVHELERNIC BT A B, Wl 2 2B 5
72 D ERGAL, AR OB T SR EIZELY) At 72
OO T T v Ay —") Y INEE L. LA L%
W, TN EETERT HITIEHAM N 2 WA 70 20
LA L T iziz®, W — BEWI 120k 3 % BB iR
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MM IZ TS SN TR B ST, SERHEL % %)
S LmEET) v 7R L T bERTWY
7z.

W — NI 2 B AP R oS & - HEik
R Z R 3 2354, FEMIERFIHICK L C Helmholtz
G fi# % W T ovortex  force DM & % 3 A L, Bernoulli
head 7 & O URAF N EBY = 2SN 2, B <0 Ji THI BE 48
7 EVZRE D DEENIG A & TRV O FERATF Y 70 S B o 1%
e ERWSTIH) D T & AU RE e YL 7 Hefil A h3 1
514 (Uchiyama et al., 2010°). ARfH<Tix, F3, %8
W3R €7V ROMS  (Shchepetkin and McWilliams,
20057 ; 2008Y) & ~X— A|ZBHEE S 72 Uchiyama et al.
(2010)912 X % € 7 )V (ROMS-WEC & 54 %) &
WA RIZOWT, -V EAE BRI T 2 BEfF O
WX R L 0O 3B L, RWT, JREEE & W
TOWEREY FEICHYF) 2O~ VF A7 — )b
ROMS-WEC E 7)) ¥ ZHMIZOWTH/NT L. KET
WAL, EEREBETEMENT T — % 28R 5 & L T ROMS
B LU ROMS-WEC # W T K5 BRED A AT 4 » 7
AT LHRERRE T ) v 7, ZBOR A M X B A
$E TV WRF B LAY FIVIERE 7V SWAN 20
SR ENAETNVFATr—IV - < VFEFVH Y )~
TYAT AR5 TWwWh. ROMS-WEC %1% & L 72K
MY AT LCEY, SR BE L2 EUNCEE L DD, Pk
B L OE I TH L DM & R REZ, R/
1§20 m OB & FFRE 3 WICIFEET) ¥ 7 %479 C
EOSTTReE I otz ARSTIE, NS SRR T 5 K
AV 74+ NV TEBLOY V¥ TN EIZBIT ATk
i — BRI O EAER IO WT, RN 7 E BN
TV RIKT BN L HUERR L, BRI ARS
B UHEGR AW T N O W) B i 2k 12 T T O W T
BT L 7245 A OV TR T 5.

2. B-RhEESICERFRELREREET IV

W — NI 0K E L LCid, AL EE
DFCPEEBIG 2 VA TFHL, &0 ERY - REEO
PRI\ 0§ 5 By & - HE AN/ E LGl
FHaAT il BB & WREIEER T A I O AH & R L 72
FEMFICRAT A2 HED 201K 5. ATl
I ORI O W T LA D5, B ONARGEL OF:
A DOWTIE RN D72 2 ERICET T2 2 &
BEHE I A FPWICHEETH Y, RIS & 51 2 Ik
TEOPAHA T, FRaEE - A OBR I L THw bR
I ENZNE) THA (FIZIL, Chen et al., 1999”).
A H DOMA T TR O R T E % 5 LRI
Longuet-Higgins and Stewart (1960'” ; 1964'V) (2 X %7K

A

RS OMGRTH Y, AHTPE S N RmRED) R 7
J v 7 AT A radiation stress DIE AN L > TR 1T
bMa. ZIOIRE L7ZEBOBE & L Tid Longuet-
Higgins (1970)'?, Hasseleman (1971)*, Phillips (1977)'¥
o ENFETON, WL OFEA RN 7 IR R
H525b0L LTRLBHEIN. TNHOHGHD 3K
TEH~OPLIRIX, 29, Andrew and Mclntyre (19782,
b'¥) 12X % GLM (Generalized Lagrangian-mean) g2
b L DWTITbIL, Walstra et al. (2000) 712 & - T Delft-
3D E 7V IZ, Mellor (2003%; 2008) 12 & - T POM
\EASNTFERHD D 5. Mellor DERACITRLH 12140
I o JF IR L CHEAMMET P S 72 45H semi Lagrange
JEER R Vb O TH 5%, EIEEDRRY 7 Lk 4
MRS 5725 DO (Ardhuin et al., 2008a”), Aiki
and Greatbatch (2012)%V12 X - TEEGHAY 2 458 & A5 1IE DS
maENZ L Lo, M@EiiRHIcBwTHERO
NARFITR) R % radiation stress DAFLIHE L CHEIT 5
728, %3 % vortex force DRNFIIH v 7)) 7D
BRETNVORCTEAEEICEE ST 2LENPH % (Lane et
al., 2007%%) 2 & R, ME ¥ £ B T A4S S 4L S white
capping X AGFRARAFPERE P AL S EB) B AR R, I
5 B Jg 12 B U % streaming @O 522 (6] 21X, Longuet-
Higgins, 1953%)) 7% E/KEEFF NI IE—HRIZ 5040 % &4
DR DOE)F % Hi— @ radiation stress & L TFHli§ 4 2
LRSS THEETH B & V) MR RFENEL S 72
O, B EPRDTVE EIZFVEHGIRITH 5.

—J7, W mNIASHIZB W TRAFEE RO E B =]
2R3 A4 12, Helmholtz 73 f% % v TIERIE R i
HENY PVAERISGEESEL, @Y %A7r—1) Y70
TR L, AR LR E R G L, 55IERRTE 0B
PR A 52 LI2X D, Stokes drift & ARG DAA
I T& % vortex force 7VEM &N 5. b £ b vortex
force 1 Langmuir fE B2 # LB § 5 720 IZE A S 7z
(Craik and Leibovich, 19762 ; Garrett, 1976% ; Leibovich,
1980%) HDOTH LS, KR NE BRI HIEER L 72
B2 341 b Stokes-Coriolis (FHEY) 3H (Hasselmann, 1971%;
McWilliams and Restrepo, 1999%) (&, 3%/ ¢ Ekman
EREOSMEHE T RE UL T 4720 (Bl2i1E, Xu
and Bowen, 1994%)), WEEEAEERE 7IVIIxT L CREMIZ
EELIROFED 1 DTH S, Radiation stress T & It
# LT vortex force B D g {LTlL, vortex force, Stokes
-Coriolis  force (& % \*id Hasselmann
head (FIRKTIZVbHW S wave set-down K9 ) D
T (conservative) 7 iR O AHFERh T &, Wik,
streaming, Stokes ¥ 7 R 7 LU X B BG4 R 4k
B 7 & DA 5 DD T NAL % B3 B IERAFRY 72 A

stress), Bernoulli
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FEM 7 & W £ T2 FR L inFREIE 7V

FIR)RAEZNZIHAICH D) T ENTED LW
KERFEND 5720 (Bl 21, Dingemans et al.,
1987%)), FLAHFIE MG R L€ 7V O R & L C
BN THLEEZEZOLNS, BlREIEIZEB W T vortex  force
B L LTA S HWHNT WS E2PEIE, Euler 8
BICED NV F A7 — Vil R P 12 & 5 McWil-
liams et al. (2004)* &, GLM JFERE (235 < Ardhuin et al.
(2008b*) ® 25Td Y, HiFE L Uchiyama et al. (2010)®
12 & > TROMS (Shchepetkin and McWilliams, 2005 ;
2008¥) 12, 4% 1% Bennis et al. (2011)*?|Z & - T MARS
3D (Lazur and Dumas, 2008%) (ZHlAA TN TV 5.
Euler FEAEZTR D56, KT D3 T4 0 78 58 v 1 O ik
BENDOTPIHELEDNLEVI T Ay MEIH LI D
D, HBEARDPET Buler ZR TEALINL 720, Bz
FHIAE TN, BREGAF—L%LEIZOVT, H@HO
HEREIETVCHWONLbDEZZOFFFAHTE S
EVIH)RELFEND 5.

Uchiyama et al. (2010)91%, IR T 247 3HE %
Euler 2 AH3 & 1172 vortex  force 1 D E X AL 2 v T
ROMS (2L, WKB B2 X % action fRAFAB & O
WE A SRR S 1L 2 Rayleigh 9% =55 5541 % A2
L7 AR MVIEIRETVES A MChy 7)) v 7
T5IET, W mAVHESERZ BRI EET 5 E
7V (ROMS-WEC) %% L, Duckdd7—% t v b &
DIEGEIR 21T, TOECHRHBIMELZHRE L2, £
72, GLM |23&0 < radiation stress AJFCIH Z AHN & 172
3WICE TN & D HEBHMEFERRZ 8 U C, B maifsic
U2 EREIEERIE R, 2 ALIZHE D undertow 72 & D TR
PIZBWT, vortex force HIE TN D E WEM A R L
72. ROMS-WEC Tid, Wi N CHB§ 232 £ %
BB % - TKE R R Tld e (, HIZX B
T BRI M ) E B R d % £ ) A4 U % bottom
X, vortex force, Stokes-Coriolis X4, Bernoulli head %l
R EORIEN 7 WEC A = XA LAHETEE ST
b7 E, RS20 TIE R, R S RICHEIS L
TZETNTHDL LD E L >TWAD, EEIET VI
SE 2 RITD ray R A X—ZA L LTBY, action &
A A Rayleigh 4377 & AIGE L 72 Wk I B2 1 & I 1A
RS EETH, B & U surface roller ~OIRFATE 2 {1 L T
roller 73 (2 B9 % action fRAF X & H S5 & L b
2, EEEERICIFENCLBEDO Ry 75— 7 b
CTRINEIEEZEAL TWA,. 2O ray 7V iZ ROMS
DY TN—=F D=2 LTHAAINTEY, I
BRHEAT Yy T T ICHENOREEZE L - EREE %
BWFHHE T2 2 212Xk, BTN 20 — il EAEH
EEAMIA YT T EETND.

streaming

PN — e i BB B W RE 22 3IRTTE TV & LT
i%, Uchiyama et al. (2010)%, Bennis et al. (2011)% ot
128, Walstra et al. (2000)" %> Newberger and Allen
(2007)DET IV EW3d A H, B Tld vortex  force
MEEEIN TRV &, BH TIRIEBER I RILE
FHWTWD 2 EOMBE A S 5. Uchiyama et al.
(2010)9DE 7 )V I%, K[E Duck /5 (HIL - McWilliams,
2011%), >k [E Santa Monica & (N 11 1T 2°, 2012%9 ;
2013 ; Kumar et al., 2014°), 7 5 » X Biscarrosse iff
& (Marchesiello et al., 2014%) 7 &~ HEED B
D, Blh7 -5 Lo EICOoWTL TR EEEE
$%. %72, ROMS-WEC O 7+t v Mhite L TKREF
BRI 2 KTCET IV O FIFICHE I N TE Y (FEE
121X 7 )V 3D @ ROMS-WEC E 7 )V 7> 5 CPP A 1 v F
EHWTHEICY DR 5 Z L5 EE), 2N idEL
NEEPED GRS LS 3t S & LRIV 5T
W5, HlZ1F, Uchiyama and McWilliams (2008)" T
AREICBIT A REIEOSA - Z8 & RE) (hum) D%
H L ORI DWW, Uchiyama et al. (2009)" % H12E
H - A (2014) 2 ClEif i - BERmsIcE L5 v 7
REEBREEIZOWT, Uchiyama et al. (2013)%Tld1
bl & rip  channel #JE 0 HHAY 72 58 33 842 O ET 72
ElZHWHLENRT WS,

3. ROMS-WEC L& 2 AFEREBTETV Y
3.1 ERARER

ROMS-WEC TlZ, vortex force 2 Euler HAEATAI -1
Primitive KR OKFES & RGFHNE, 74V b EESR
BWTRAD L) IZFEENS.

u (.. u o _
ot +(u Vx)u+wat +fxu+V.ig—F

=—-V.K+J+F” (1)

242, (w, w) : Euler jit i, w: KFHH, w o $HE
gk, e, FrOF R EB X R DA R R 9
L IERAFR 724V )], £ Coriolis 78T A — % ¢ HLALH
Ed7-0)DES), K &K Bernoulli head, V. @ /K¥
NINWI=T > THAH. Jid vortex force JH & Stokes-
Coriolis HOMITH V), KA TEFREND,

J:z°><u“((z”'~VLxu)-i—f)—w“%—;l (2)
7272l (w', wY) 1 3,ITO Stokes drift HETH ),
u :%cosh%(ﬁm
w(z)=—V.- [, w'dz’ (3)
6=JgktanhkD; D =(h+¢+¢) (4)
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LERT. 22U, a  BoRE o EERAUIHE
VWD, ko WEANy My (k=IKk]|), h o EKE
DK, £ REETH D,

A 2

f= gl =<0 (5)
(TR D Bernoulli  head 12 & 2 M 9 70 HE#H 1 72 K A7
ZH) (WhbWwb wave set-down) THAH. L72H- T,
NP DD AATFIY E N7 DR F % E R L 7z kg
L.

KOHF DWW & 2 IFRAEY D EHF 1L, 70k HB

bottom  streaming JHB", i B &L U 4L #OEHD O F1 T B
D, BRI EB Ik TR ENDS.

F* =B’ +B" +D*; B’ == kf’ (2) (6)
000
T, e R ROV X — ik, oo o Ik HE B
fr(z) BRI ENES AR TH Y, e, k olZIRR

ETFTWVHNR T = No526N1 5%, SEFTETIVIZ
X KPP E 7V (Large et al., 1994* ; Durski et al.,
2004%) ZNR— ZNZHEORR AL, T RIS )
2 UE 9 — FANIEAF 20 5 Soulsby (1995 ; 199747)
DR RETVE RS, FPIHEO S 575 53508k
BRIGIZED 5 R E/NT A —F OFFNE 2O W T
Uchiyama et al. (2010)9 % 28 S 11721,

PARPFE TR E 7V & LT, Uchiyama et
al. (2010)91% WKB U5 R AR R (ay EF
WEMFRT 5. BlZ X, Mei, 1994%) % Fwva7z.

k. Vk- kv ko

ot +e¢g-Vk=—-k-Vu Snh2iD vD (7)
A con) = _Ev

ot +V(A-cg)= B (8)

22, ACEITRENDWOT 7 ary (E: KD
IANE =), e BEEEANY Mb, e D TR (6) &
JRHAEROR) R L B WO ANV F—HHERTH 5. X
(MZHDT 7 ¥ a Y IREFX, CUIEERAFETH D,
T (FNY) G LB RELOEFE EEIIT) b o
L35, BHEX

ce=u+-2 <1+ 2kD )k (9)

2k sinh2kD
TFHR S, Euler jiti# (2 X % Doppler 7 b % L T
w5,

EED ray € 7V ROMS-WEC O 7 )V —F v & L
THEEEN, baroclinic 5 AT v THIZEHREATFEST S
Na5720, LIy A MZhy 7)) 7E3hTwv
5. ray BTNV E WAL, BB RS H ik
FEARY MVEERIGE L2 E0 Y — 7 BB £o
VT Stokes  drift FOWEFEICE EFKT H. L Lad

A

5, PIZIEARY MUVERRET VD 2/ L TR
% Stokes drift JEEEIX, RB)HSHROSN L & LR L
T LY KA L2 8RE AR L 22 5 2 & 0515
NTWL7-OFE%%Ed 5 (Tamura ef al., 20129). I
WLz 912, WEEIte, k ol%, ray 7RSS
b AR MVIEIRET IV SWAN (Booij et al., 1999 ;
Ris et al., 1999°Y) Z &% HWCEHMIiT 5 2 & L ATHET
HoH. EE LT CTHETLIY VY E=AEICHT 5
FBITIZ, ROMS-WEC &R U271 v Fafn/izZE 4
A & SWAN E 7V IT#ER % offline THAL T35,
ROMS-WEC EF NV DN— R L 72 50D1%, 3 KRICHEE
HPEIEER € 7V ROMS (Shehepetkin - and  McWilliams,
20057 ; 2008¥) T & %. ROMS i, Boussinesq i1 1L,
HARERBEN/2T ) I 740 T HENE, L —H—
UK - 3557 &) PArs, KRB AR, KPP ELLE T
Vg EN BN S N-HIEIREERETVTH D, Bit
TR ENABIENOEASE A 5 — 2 O, i
\2F0 KB 7 BABE SLLEE (Marchesiello et al., 2003 ;
Mason et al., 2010%), AEHIEHHA~OXIIG 7 &I 7
FELHT 5.
3.2 xt®iE

hgeet Qg RPFEREICME T 2 KE® 7 Y
TANVZTEBLOCO—HME s Y5 E=IE
ThbH, ZOIE, LRI BTG SR O W =5 FR
THDHH) T ANV TWHROFEZ L 2T 5 L2
Z, BWETH S LB AMEIRICERNICESNS
7o, BEMIEBRGE & RAEE L TR e LT
B#A NG, B 7+ VTR, PE R
FICHNDEFRTHAHH ) 7 4 V=T HER, RS OK
#200m & ) PR ILREREICHE-> ThiZHEN S
Davidson i, dL#E30EM T CRIEELIL LT LA Y
T ANV T e EPORER S NS, Z O TR
HHRIZ, EFOREFAFHRIC X > TH U 2 EE
JBKDIFFERTH L. D720, RUEEIZEM %28 L
THEARIRAME <, RIS B O R AR MG S 1,
FVAE R FE O B 2 ERER DT SN A MR & LT
HoNTWSE, L Laed’s, BEMmCRETeY ¥
VA% FED 72, DDT O <2 T AKLEL K o 23k H
% %@ L CAMGE OB BRI 2ETH
D, S EE e HEEEELIAE (SCCOOS s B ) T A VTR
FEREBLII S A7 L) RWREET IV (Bl 21, Dong et
al., 2009°Y) 2 X ZE AT 72 AV I RICHES H 1
TW5,

33 F9Ry—=ULITETI

W - BB O L 7 VALY AL 72012, RBH
W & 27— 7 A b x AR A 72 POP N — R O R
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el & Wl 3 C & B L 72i BB E 7

AT 7 — % Td % SODA (version 2.0.4, Carton and
Giese, 2008%) #%IRAMUBERSAEL L, ROMS % v 72
5 B 1-way offline nesting (2L 55~ Y A7 — )%
TV, BEEET) v 7 %4i-7 (Figl). ¥%4&b
%, SODA UKF#HEREO. 5EE, A F41ME) —~ROMS-L1 ([7]
#55km, 514 x 402 x 4 E40/E) —ROMS-L2 ([
1km, 402x514x40k) —ROMS-L3 ([f250 m, 562 X
1122 x40/%) —ROMS-L4 ([F75m, 562 % 1602 x 32/&)
—ROMS-L5 ([{20m, 1002x1602x32/&) T & 5. i
TR, KGR T 7 v 7 A121E, NOAA-
NCEP ® NARR 7 — ¥ &8 b & L72 2B A AT A
> 7" WRF (K% E#)18 km— 6 km, Michalakes et al.,
1998%) 12 L BB EE V72 JRIE LS, LAB LD
L5 TERE L, L3 THR 412 NDBC O ¥R B
TA T =%, RIS WRF OfE % v 72 3 B
AT 4 ~ 27 SWAN (ROMS-L3, L4 B L LS & [d]— 7
Vy F) ICEpHEREMEENDE LT #WICiX
TPXO7. | =ERFFIEEL (Egbert et al., 1994°7) % H\w»,
ROMS-L2 OB L OMEE G # B 5BE R 4tk & L CTh-
A7z, 7)) v RTHAL3, L4, L5 TlE, BEREME
LTHZ) v FORHERRELY 2HEHMIC5 25 2 810K
D, WEEW 2 EOEREY 7P Vv EZR L. 6
EFELITEE 7OV IZ MR & WK O T2 BE 7R (25 L C
KPP E 7V % fl\v 7z, fHISEER ISR 3 2 0028
SWAN (2 & % JBiRHER %+ % L 72 ROMS-L3, L4, L5
Wb LCER L, FICH T % %9 % ROMS-L5 T
(X, Uchiyama et al. (2010)%12 & 2 K ERARAF IR LA

9 B fi 2k, bottom  streaming, e IZILIR S 7z

R

S VN R B v

138°W  126°W  114°W 11g°w 45 30

Fig.1 A hierarchy of the quintuple-nested oceanic downscaling

system for the Southern California Bight. The boundaries of the

U.S. West Coast model (ROMS-L1, the outermost black box in

the left panel), the California Coast model (ROMS-L2, the

intermediate black box in the left panel), the extended Southern

California Bight model (ROMS-L3, the inner black box in the

left panel), the high-resolution Southern California Bight model

(ROMS-L4, the innermost red box in the left panel and the

outermost black box in the right panel), and the surf zone-

resolving Santa Monica model (ROMS-L5, the red box in the

right panel) are displayed. Contour lines in the right panel are
isobaths.

KPP E7 V7% Ex i L7

R o A=) 7Y AT AOFRER, FHEN
EEy, 78 A ZOVilEEREE, b L — 4 — % Lagrange
BT BER B9 A AT, Buijsman et al. (2012)%
Romero et al. (2013)%, Uchiyama et al. (2014)%, B X U°
Kumar et al. (2015)*127F Ly, AT, HRETH
ICEEE ZA2MEOHIAET M LSS, T T2V A7 —
VLS % L) BRICEEB T 5720, EEBm & Lz
ROMS-L4 D#ER, B &L WM OB % F 58 L 7%
FE20 m @ ROMS-L5 2B 3 2 fEMT RS R 12 2 W TR 5
L. AWERERNRET D720, L4 OFHERT 122007
FI2A 520084 HFTH 6+ HIE, L5 DFHEIIM
1320084E 2 A B4 AD# 3 r AR E L7z WKL
i, A TR0 A v v 2D SRTM307 — % (Becker et
al., 2009°V) %, {RIEME TIE 3 A v ¥ 2 D USGS/
NOAA @ Coastal Relief 77— % & Hl\ 72, 7B, RI X
T LI NASA-JPL 12 & 5 3RIeZ 57— % AL % 4 A&
AN ) 7 A V=T ERR TR AT LOTO MY
AT LTHEINZLDOTHAS.

4. K[E Santa Monica EIZx$ 2 EAG
4.1 ROMS-L4 (AU T AI_TEHHETI) | K
DRFHHFR
B 7 4 V=T BRI BT 5 I 2 W R
A 5100~400m B EETH 1), KFMHEEEDm O
ROMS-L4 E TV T HICRKBHTE RV, 2070,
ROMS-L4 T ICB Db B ET NV % EEEY, Bk
P DBEMIIEER R BT I DRI OV THETT 5. K
SEH IO AAR - EE) F AR % RS $ % &

T+A+C+P+D+V+S=0 (10)

DEHICERBENS, 2 TIEEXE A CEEEINEL
[T 24T . 72720, EEFREROLEINY PVFER
snckh, T:IEEWHE A BiHE (Reynolds It/
5% & te), C: Coriolis T, P : EJ7AEIH (Bernoulli
head % &), D@ $REHLHIH (FIZHEUG T ORIR % £
L, ()TEFIic&E £ %), Vivortex forceTH, S:
Stokes-Coriolis THO ZE 7 H 2 LHEK S LTV D, Mt
VLo xuk K Stokes  drift i fE ust D 4L FE T H S
vortex force TH&, BEIMESLw OIETH % Stokes-
Coriolis JHOD 2 THIE, FRAVIX S 2 WD RIFHY %2 EH) =
WERREERL TN 5.

Iy ] V-1 8l 75 #2000 - TH 0 P35 11 7 K/NBR A% 7%
RL7DI2, WREEZEB LA L Lok
BT LEHEDON7 MVHHE O 22 F %2 Ko 72
(Fig.2). 7272L, ZZTIRTHICHESN TV ARV
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Wl

W DR Z TP T 5729012, KEIOm LED
FRIRNZ K L C RTS8 IE21T>o T\ 5. Fig2 x5
&, Coriolis JH C, TJJ/AFIE P, $HEJLHIE D A% 5Bk
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components out of A), C: Coriolis term, P : pressure gradient
term, D : vertical diffusion term, V : vortex force term, and S :
term. Blue

Stokes-Coriolis : with  waves, yellow : without

waves (Uchiyama et al., 2012).
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Fig. 3 Snapshots of surface relative vorticity normalized by back-
ground rotation f estimated with ROMS-L5 model at 16:00,
Feb. 29, 2008, when erupting rip currents were pronounced.
Left panel : for the entire L5 domain, right panel : magnification
around the surf zone indicated by the black box in the left panel.

Notice the different color scales (Uchiyama et al., 2013).
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