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SUMMARY

It is greatly essential that one should get the detailed information for wave
fileds in order to accurately estimate longshore currents driven by radiation
stresses profoundly depending on wave paramrters. The longshore current, with
no loss of generalty, prevails in the surf zone where the water depth is very
shallow ans of order of wave height. The.surf zone wave filed may thus be
characterized by nonlinearity due to wave-to-wave interactions and brobanded-
banded spectra(in frequency and/or direction) due to co-existence of swell and
wind sea.

The bispectrum analysis enables one to grasp the nonlinear wave-to~wave
interactions between the Fourier components in a time series. Especially, the
notable features of waves in shallower depth are horizontal skewness and
vertical asymmetricity which can be exploited by considering only bispectrum of
time series data.

Responsible for longshore current generation are also the wave energy
abstraction due to bottom friction and the turbulent mixing in the surf zone.
Many a field observation has revealed that the longshore current profiles across

the breaker line should be smooth, which has successfully explained by

introduction of the turbulent mixing. The two 2-equation models( k-¢ andv

k-1) have been set up to more presicely calculate the temporal and spatial

variation of longshore current in this study.

It was investigated that the reflection due to coastal structures was taken
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into account in estimation the 2-D directional wave spectrum. Furthermore, the
existing maximum likelihood method applicable to only water level records was

extended to various wave property records such as surface slopes, orbital

motions, and so forth.
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A2 Asd 229 B33 AuFe AR
BISPECTRUM

A14d A4 E

¢ 309 d A Hasselmann et al, (1963)°] 93] &2 AJH€ bispectral 3}
Ayge Be dFASd o8 wdgddd AH83}9 g, Hasselmann et al
(1963)2 bispectrum®] MN@& A/3tE AT FAFAPEA 4 11 m 9
Aol HYEd FHANF] FZ¥ bispectrum} Stokes FAHI, ¥]FTHAL HA=
o] WAy A5 AEL TAZ F ASAse vmel FL& YAE Lo
o] 2X.¥ bispectrum A Yo], e FEEoFIA F3s e ANALE A8S Fourier
AED wAg F4E 2P e FL& ISR A8 HO $toh

g da AHgsHol od Aty AAQ EMYUE F2 HF (mean) I
EA} (variance)d o] Azt ¥ MEE AHE@Th Gauss ATTEEZYEHE A
Ae F2 £33 vRAYE (skewness)® HE (kurtosis)ell <3 BFE AUt
ANAG Ago] dF 2ol BeH HuE Fops dige P 2AFe] EEE U
W& power spectrumold €& 4 Aok &A% power spectrume HAABE7}
A9 53, A Fourier AE7+e) $14°] 29 (random)dtx| 3 Hox dA
$14 (phase-coupled)°] HIE& 435 Z43te HAdY AAE A9 4 ¥y
ZAE FFaA 2o 949 FAAE ol & AL, diFEe] WA E
AFs7] A AT 2PEMN de AgEHE 99y $yeld. 53
bispectral AL, T4 L3 (quadratic)®) WIAHE A 2gdlA Aoy Fourier
o AAAEST (triad)zbe] WP 2L g AANE (phase-coupled)E ¥
gl Ak olAF QAANLL FuF ®olE FHF dquyA AR (5,

super-harmonic®} sub- harmonics®] ‘%¥)3}, non-Gauss¥ A A (F, HIRAS} =



)¢ Fu¥ 4 UAch.  Bispectral AU E FA LS HAAFA DA HE
¥ dZAE, AAE, e, QY e, J7ELY, TF, ¥F, 714, A7)
AA F uAdPA 2] Qe dFEY A &5 glen, 53 HAYF o
B4 d4F Y 43 A8 73E AT A2 B $AE /HAf
HFe Gdd oA wAYHEE AF37] A bispectrume] &L F
5o e] EAF Y (Hessalman et al., 1963), 52, 9%, 49 J@s3F
Z2REe9 A% (pertubation) (Roden and Bendiner, 1973), W¥3 (MaComas
and Briscoe, 1980), ##Hdl2 HsHE EHFHI (Elgar and Guza, 1985
Doering and Bowen, 1987), Z18]3 3]A A e FEuo] & ¢43 Y2 &F
@7 (Herbers and Guza, 1985; Herbers et al., 1992) 183 FHId& dl§ %ol
A9 YT (infragravity waves)st F#H%oke]l 2§ (Herbers et al, 1993) 5
vl $ gsitk. diftEe) olg AFEL ATude FHAo] MYPA 2 9 A
T dAFEA AX-E A8 A%t AHEHJUT. sdMoz MusHE EY
FEGe A, 24, 4, QAL T @ Yol MY FI AL oF HFEA
of iy HAsA €k oW Y EFF THA JUNIL wEY BB
Hed B39 2Yd FHH YA E (skewness)E, A4 AP FUHe 9
}ge F@se FAMNUAY (asymmetry)S FECH ol @ wAdH Lol 4%
st e ¥sE, A9d X2 §49 2 BZAE 244 9L 0Hy §4
EHELE AYHHE o5 F{7FHLE ATHE FAF EAgteld. AT
AE7A BE AFAEN o8 AHEHole W Stokes HFF L AEAES FA
o} T4 g or A9/ (phase-locked)& VeSO FAM A (asymmetry)
€ AQE + 9. EF 7€ oA Y Hol & (solitary, cnoidalol & §)
€% 97¥H (permanent form)& AHE-3l7] W&o, 3o Ao e FHYug

A% (skewness)q &3HH ¥FE FANAY A4-¥Y L 243 sede gL



AgHel Aok T AS7AA FYP9 F24AY T A5 B 4F v =9
HY (AL Y F$T A (Doering and Bowen, 1987).

Add F29 AFAYe GE wHYFEAEH o2 opr|HE AF WY
49 133 olslE AHMAE & AYd A Fvld A% dFBFH olg A=
9 A= < YA AWl &FH fo. 53] HFHAA doje "M
g 45282 bispectrum®] Aol s £4E 4 A9 (Elgar and Guza, 1985).
EF NS g AFARY I A 197080R FAEH Y Y A% ¥
A4d¥E (NSTS, C2S2, DUCK, SUPERDUCK, DELILAH %) % HId 3d€
DELILAH #7%4¥(Thornton and Kim, 1993)¢] A85E ¢F 40708 P-U-V 4N
FSo2NH 350 A9 &Koz A7 F AIAFEE Hz2 B Yo
2A, dgge] HdPFEAES AFsrid F& dFARE ATE

gty B dFdME, BA bispecrum A7 9 o]8F HIE AAER V)
& AF2AHe EAF% 294 E 71€¢ ¥, DELILAH d3A8e 24o=4y
bispectrum®] &8 %& A Atz @}l Bispectrume 2xt FE4ES 9 Fourier
oz AHeoldr} ( Hasselmann et al., 1963). Hasselmann et al., (1963)& =
)Xol e A MY GHAMzEEH F£3E FHY EAAIARY
H A E (skewness)Z E4317] 9189 bispecrum? A&t = & QA
© 2%, bispectrum®] AFHEE FHFe) FAAVANY (asymmetry)F DA BA
£ /M3 (Masuda and Kuo, 1981; Elgar and Guza, 1985). 18 Z 2 bispectrum
Y S £ 53 ALY AR E EMdtedE FL HHeE A& F
At '

Elgar and Guza (1985)& NSTS @FA AN & AsHE FEFHAY 5
AAFE bispectrum 2 A s, 3 R £3 AL MU AN
E g3 FARgs AR AAA ZsFoedd Hde] dAH ASE #F



9.0, o] Hasselmann et al, (1963)8) AH}E FALITh E@ Aol
AZRE QEe, HEY TAM (envelope)d 180" SA4AolE Hold, ol:
Longuet-Higgins and Stewart (1962, 1964)0] <8 A=z, AHANE @& ¥
u} 91+ (Kim and Huntley, 1986; Huntley and Kim, 1985), bound (% forced)
waves$h YATE ¢ & U FAZ ARHWA RWA, FAA, AE9A Ex
2AY ZHEBERY B F9e) AYRAGAEe] N, ojg WA
9 gsage 2 JURF) HANE, AFARA NS FE AL dPwo}
o} ¢& ASNNE AFWE JEH ERYER) AAAY (phase-coupled) B
A7t BEHYeH, o|2M FAFRS YEF} 2K 28FRER) F5HE o
@ W) 5 (skewness)S} $57} wojoln =7)7k o 40%) AFAE MAAES
Uyehde gohirh.

Ao 22 ASUPAQel A ol @ FYAEY BAY HAHYH BHL
gl oJsl $EHE AGF NAY B4 o9 BAER YeAE £IHA
%t} Elgar and Guza (1985)8] £M& +4aaw AHgsRen, NFANE H
+RY8E RFTe wYe %Y A28 5 At ANH FFo|Ee EANA
7] wWEol (Elgar and Guza, 1986), @R AW B2y H&ARe
bispectrum A e HAYE YR B WS SixEe) EMozry
Q¢ Elgar and Guza (1985, 1986)) Aahe S¢e) WAy B4 olsistus
e ANE AT AT AT K49 MHYEHL A2 od BAIL A
=X 2gax @ wPd & AFAAE §45229 bispectrumdA 4 AHE &
FARARY v FEsnx Bt

A 2 A Bispectrum®? A9} 54
UHE A &9 AADela sa. 1338 AR EZA (e Gauss £ ¥



g BEY:s /A& 22N o] A2ge FAFcE AHUA Us 98 B%9 =
oz dRE F U (F 2 YEH9] o] N2 29 BA|}). o] FS
()= 229 power spectrumS & @A TP} =

P(p = [ R(ve ™qs @D
q71A,
R(t) = ELUOUe+)] @1a)

a8 1= AZAA, El 1= 71dAE Yebdd. Power specrtum Fourier 44
g o83t o9& 2ol derd 4 Ut

P(H = ELA(YAT (] (2.2)
A714 APE Fos Pl dF B Fourier A50lx, A A9 F9[conjugate]
Eagoln,

UD)®] Fourier &3t #do]l 729 £EE A @29, () Gauss ¥
EE A ¥+t (Hasselmann et al, 1963). ©] 2% Y3 power spectrumo
EAE A4ARE7 7] WE Gauss XA Frh Hojyex & £ ok
Bispectrum®] FHA ASAEE ol2F non-Gauss SHRAEE 7€ Fd.
Hasselmann et al.,, (1963)°] 913} bispecrume 23} F ¥4t 9] Fourier ¥ 3

o2 e

BUAR = [ [ s(ry1me 1@ E gy g, 23)
7)1 4
S(11,712) = E [T+t )T(£+712)] (2.3a)

¥ power spectrum® 799} 7+o], bispectrumX Fourier 442 ¥3849 4 t}



(Kim and Powers, 1979).

B(fi,£) = E[A(MDARA(H)] ' (2.4)
71N MNP FES dore FH5) $4Y FHL f+ £ = 5 22 AFourh
gt oz A4 AAYL LD power spectrum® A4 %E, bispectrum® A<}
3¢ JEe 2T

A(24HZRE bispectrum B(f, £ 7} 00] o}d @& e ALE, FHE f4
23 pAE A5Rg @ §F EE o] Fs AR AAEAEH 94
Aol EAGE At F fi, £ h F o= @ FAFE RE AL Y
A Ex QR Yol HE FAHCE SIFHMY ASolE bispectrum
o] EA3A etk AF AAL U tlste A() = A'(-p °|EE, bispectrum
& e e YL 2eT

B(fif) = B(hA) = B(fi-fi-f) = B(-fi-ffi)

B(fy-fi-f2) = B(-fi-f.f)

(2.5)

o]}t A 93t bispectrume TS A& TFAIE 8EHA A
(Fig. 2.1).

0<As o 0<f<AHh (2.6)

EA-oz wFE [(Ho AFAFGTF, £ AL power spectrume HEo 2

# gk

EICC@] = [ Ppds @7

e wi o2 bispectrum® AFEEe HEo2HEY WF (e FHAAAITH
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Fig. 2.1 Octan space for bispectrum presentable
E& 3% ZHES ANY 4 2t} (Hasselmann et al,, 1963).
E(Cm = [ [ Re(B(ig)dids (28)

4 7]X Re< AFH & Jeld. )Y ¥ AE (skewness), & FaY HFA
AFFL 228 EN% (1)1 98 EZsistad 98 4 Uk
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%3 bispectrume] ¥ FHFEo HEoZ FAM|GA (asymmetry)S A9 o

(Elgar and Guza, 1985).

fo:wijlm{B(fl,fz)}dﬁdﬁ
E[{%(0)]%

(2.10)

A7IM fi > £ 283 Ime HFFEE UEdY. Bispectrum® 3 FHEES A

AL A £HU AKX (skewness)9 TS 2L BAE 7R

B[(-24)] = [ [ e issim (B Y fds @1D)

o]87% bispectrum®] #& ZA X3E AT Gauss £ FAHE Zol9 AAQ
At&E 0°] o}d bispectrum #& 7FXEd], ole 289 Zo] FAA wWEd LA
o olHF NG LF/FE AARY %9, F d4E "ol NAE AR ¥
AelA AANE BAIY} F29] AGBAE EEQC] FEII] H8d (Kim and
Power, 1979)+= bicoherence specrtumg T3 o] A< stAt}

IBCA, I
ELNAMARIZIE AR

bi(fi,f) = (212)

4714 0s b® <1 otk 98 bAALE HFNF SBANAL B, H

£ QAN o] RFAF dis] SHAH o] opth

AFE v € A4S, bE ARE 29 ¥*EEXE /A9 (Elgar and Guza,

1988). oWl AFE v > 10 1 A$ b9 HAE WAL kg 2o}



(2.13)

G714 cl& 8FHE AF4gFoln Cpd FFoiy A5l wet Table 2.1

Hsh o] Fo)At},

Table 2.1 Values of C,: as function of confidence limit.

c.1.(%) Crp
50 1. 386
80 3.219
95 5.991
99 9.210

Bispectrum® ¥ @829 A (24)2%EH, B(f;, f2r oS3 o] biamplitudes}
biphase2 EdE 4 Udl.

B(fif) = IB(fip)le “eethiho _ (2.14)

o714 biphase B(f, £}

_ 1 _Im{ B(£,£)}
3 go] Folxm, Fourier 44§ AZ3 9oz TR,
A(P = |A(Ple el (2.16)



o 24, 2(215)9 biphaset ©&F4 o] FojZt} (Kim and Power, 1980).

B(A,L) = B(A) + B8(f) - B(R) 217
2 M
L()=aicos(2nfit+81) +azcos (2nfiot+02) +ascos(2nfit+03) (2.18)

A7M £+ f=§A N AL (RHAEY A9lE f= 5 & VESHE £+
£=5 72924 Fig 21 A4 f= £ 496l A Wrhie] ohd G489 73

$-9] Bispectrum<,

B(fi )= AUDARDA i+ f)= 4 arazase " (2.19)

2 AArgr},
el 94 6, 6, 671 dASA AAHAY, VY4 (phase-locked)®] 7 %7}t
so} b% = 10] @tk A (2179 &3 biphase:

B, £ =6+ 6 - b (2.20)
2 FojAn. |

o) ol 2 AvY AR FABEA, 2 Aze) MAY AANY BA
& 798t7) 918k cross-bispectrum® AR VT £, ARF S54RI B
dxd A8 ¥ v 229 (Roden and Bendiner, 1973), vl&3} #AF & A (Yao et
al, 1974) 28ln A3 ¢ HsANY (Elgar and Guza, 1985:Doering and Bowen,
1987) 59 Q7o) ALHEUTh.  ANHA bispectrum® FAHY Lel & o) 88,
cross-bispectrum (XB) o W@ E4& B 4 ok

XB (f.£) = J:oo j:oo S(11,T2)e Ti@Gs s P g1 Gy 2.21)



A7) S(t,12) = EL(Ohie+t)la(e+1)]0lR, LSt Le N2 ga
AAEARR| T o] o] 37/42) M2 & AALARY o)

S(11,72) = E[L (08 (e+1)2(t+13)]

XB(fi,f2) = E[A(A)A(RA3SH)] (2.22)

2 Ag¥ 4 A9, Cross-bispecrtum®] 73 9% AwkA bispectrum® 7 $-9} 7o)
i A AE Rzt F3d A4BAZ A& wWole 00] okd XB(f, £ e #
c}.

ol

A 3 4 Bispectrum®] &£
0SS A7l BAAE ol&3dled AAAE Bispectrum¥ Skewness}

asymmetry 9] A4HE $ 3 submodule)th

Cmmm e e m e e
C SUBROUTINE BIXX
Cmm e e mmm o m e e m e m— e m e e e e e
SUBROUTINE BIXX(COEF, NPTS, NFBM, NMF, NBLKS)
PARAMETER (IDIM=64, 12DIM=128)
PARAMETER ( INPTS=256)
DIMENSION COEF(Z2, #), X12(12DIM), X1J2(IDIM, IDIM)
COMPLEX C(INPTS), BISPC(IDIM, IDIM)
C
C READ THE FOURIER COEFFICIENTS INTO A CMPLX ARRAY ‘C( , )’

C WHERE C=(A-1B)

DO 100 J=2,NPTS/2+1
A=COEF(1,J)
B=COEF(2, J)
C(J-1)=CMPLX(A, B)



OO0 00000

o000 o000o0o0

100 CONTINUE

COMPUTE RAW BISPECTRUM VALUES

& MERGE

IF I=J THEN A TRIANGLE OF RAW BISPECTRUM ESTIMATES ON THE
DIAGONAL IS BEING MERGED, IF I .NE. J THEN A SQUARE OF RAW
BISPECTRUM ESTIMATES BENEATH A DIAGONAL TRIANGLE IS BEING MERGED,

DO 200 I=1,NMF
DO 210 J=1,1
BISPC(I, J)=CMPLX(0.,0.)
IF (I .EQ. J) THEN
DO 220 K=NFBM#(I-1)+1, NFBM*I
DO 230 L=NFBM#¥(J-1)+1,K
BISPC(I, J)=BISPC(I, J)+C(K)*C(L)#*CONJG(C(K+L))
230 CONTINUE
220 CONTINUE
ELSE
DO 240 K=NFBM%(I-1)+1, NFBM*I
DO 250 L=NFBM#(J-1)+1, NFBM%J
BISPC(1, J)=BISPC(I, J)+C(K)%C(L)*CONJG(C(K+L))

250 CONTINUE

240 CONTINUE
END IF

210 CONTINUE

200 CONTINUE

DETERMINE BICOH NORMALIZATION
TERMS,

SINCE THE DENOMINATOR OF THE BICOHERENCE CONTAINS THE
TERMS SQRT(/X2(1)#X2(J)*X2(I+J)/) IT IS NECESSARY TO
DETERMINE X(I) FOR I UP TO 2#NMF, BECAUSE OF THE 1+J INDEX.



C

aQ o 00

DO 300 I=1,2#NMF
X12(1)=0.
DO 310 J=NFBM#(I-1)+1, NFBM%I
XI2(1)=XI2(1)+REAL(C(J))**2+AIMAG(C(J))**2
CONTINUE

300 CONTINUE

DO 350 I=1,NMF
DO 360 J=1,1
X1J2(I,J)=XI12(1)*XI2(J)
CONTINUE

350 CONTINUE

USE THE FOLLOWING SUBROUTINE TO ADD THE PREVIOUS COMPUTED
BISPECTRUM VALUES AND BICOHERENCE NORMALIZATION VALUES TO

THE PREVIOUS BLOCK’S VALUES.
CALL SUMMTN(BISPC, X12, X1J2, NMF)

SUBROUTINE SKWASY

SUBROUTINE SKWASY(ABISPC, AXI12, NPTS, NBLKS, NFBM, NMF, DT)
PARAMETER (IDIM=64, 12DIM=128)

COMPLEX ABISPC(IDIM, IDIM)

DIMENSION AXI2(I12DIM), FREQ(IDIM)

DEFINE THE WIDTH OF A MERGED FREQUENCY BAND AS
DF=FLOAT(NFBM) / ( FLOAT (NPTS ) #DT)

DETERMINE THE NYQUIST FREQUENCY

FN=1. /(2. #DT)

COMPUTE THE VARIANCE OF THE TIME SERIES FROM THE FOURIER COFF.



C TAKING NOTE THAT ONLY THE COEFFICIENTS TO NYQUIST/2 ARE USED,
SVAR=0.
DO 300 I=1,NMF
SVAR=SVAR+AX12(1)
300 CONTINUE
C ACCOUNT FOR THE IMAGINARY PART, AND MULTIPLY THE SUM BY 2.
SVAR=2, *SVAR

C COMPUTE THE SKEWNESS AND ASYMMETRY IN THE RECORD.
SSKW=0.
SASY=0.
DO 400 I=1,NMF
DO 410 J=1,1
SKW=12. *REAL(ABISPC(1, J))
ASY=12, *AIMAG(ABISPC(1,J))
IF (J .EQ. I) THEN
SKW=0, 5%SKW
ASY=0, 5*ASY
END IF
SSKW=SSKW+SKW
SASY=SASY+ASY
410 CONTINUE
400 CONTINUE
C
REWIND 3
CALL PAGE(3)
CALL PRTID(3)



WRITE(3,9520) FN/2.,SVAR, SSKW, SASY, SSKW/SASY,

& SSKW/(SVAR#%1,5), SASY/(SVAR®%1,5)

9520 FORMAT(1X, ESTIMATES FROM BISPECTRUM,/,
& 1X, "o e e e "/,
& 1X, "(NOTE: BASED ON ENERGY LYING BELOW ‘,F5.3, " HZ)’,//,
& 1X, '"VARIANCE= ’,G12.6,/,
& 1X, "SKEWNESS= °,G12.6, /,
& 1X, 'ASYMETRY= ’,G12.6,//,
& 1X, 'SKEWNESS/ASYMMETRY= ',F8.3,//,
& 1X, 'NORMALIZED SKEWNESS= ',G12.6, /,
& 1X, "NORMALIZED ASYMMETRY= °,G12.6, /)

WRITE(3,9530) NPTS, NBLKS, NPTS#NBLKS,
& DF, NFBM, NMF*(NMF+1)/2
9530 FORMAT(1X, 'CHARACTERISTICS OF ABOVE STATISTICS:',/,

& 6X, 'NUMBER OF POINTS PER FFT= ', 14,7/,

& 6X, 'NUMBER OF BLOCKS TRANSFORMED(AVERAGED)= ’,12,/,

& 6X, 'TOTAL NUMBER OF POINTS= ’,I6,/,

& " 6X, 'WIDTH OF MERGED FREQ. BAND (DF)= ’,F5.4,/,

& 6X, 'NUMBER OF MERGED ESTIMATES/FREQ BAND= ‘,12,/,

& 6X, 'TOTAL NO, BISPECTRAL ESTIMATES SUMMED= ', 14,////)
RETURN

Bispectrum¢] £A4& 939 Thomton and Kim(1993)d “Hd4H€
DELILAH #Ax 87} AHEEAC gaRgoz 9719 P-U-VAXNFu7t 4
o] $Ald 4Hz2 BZE AZ2A, Add S NAdY AFAPE AT
744 A2 dFAgold Fig. 22% AP oY E Sl AMdA BS54 3
A $3(3%3)e NALA R, Fig. 237 Fig. 24% Zt7t AW AdLe
8] #&& Yedrh o] AAE AERAA B F AR, % R £ ¥dH o] u
FRAEA, oJ2H wHY 3ol we FP o2 Ba, Bispecrumo &
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Fig. 2.2 A sample time series of sea surface fluctuations(P) evolving towards

the shore line
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RECORD IDENTIFIER: 2202 / 901011 650 / 0.500 / DOF= 40 / ITRND=0

ESTIMATES FROM BISPECTRUM

(NOTE: BASED ON ENERGY LYING BELOW 0,500 HZ)

VARIANCE= 0.613785E-01
SKEWNESS= 0. 562406E-02
ASYMMETRY= 0. 357064E-02

SKEWNESS/ASYMMETRY= 1.575

NORMALIZED SKEWNESS= 0, 369850
NORMALIZED ASYMMETRY= 0.234813

CHARACTERISTICS OF ABOVE STATISTICS:
NUMBER OF POINTS PER FFT= 256
NUMBER OF BLOCKS TRANSFORMED(AVERAGED)= 20
TOTAL NUMBER OF POINTS= 5120 '
WIDTH OF MERGED FREQ. BAND (DF)= .0078
NUMBER OF MERGED ESTIMATES/FREQ BAND= 1
TOTAL NO. BISPECTRAL ESTIMATES SUMMED= 2080

1

RECORD IDENTIFIER: 2202 / 901011 650 / 0.500 / DOF= 40 / ITRND=0

STATISTICS FROM RAW SERIES

RECORD AVERAGE= -, 339438
AVG BLOCK AVERAGES= -, 339438

RECORD VARIANCE= 0.901886E-01
AVG BLOCK VARIANCE= 0.693263E-01
BLK VAR / REC VAR= 0, 768682

RECORD SKEWNESS= 0. 283357E-02



AVG BLOCK SKEWNESS= 0.127351E-01
BLK SKW / REC SKW= 449437

NORMALIZED RECORD SKEWNESS= 0.104618
NORMALIZED BLOCK SKEWNESS= 0, 697678

Fig. 25 dAFARE ¥43% Bispectrum¥ Biamplitude2] <jo]9, Fig.
26< AAZIA FEAZ BE5F AL F&453 B [FAHEES A 7I(0BS)
A2 d 9] cross-bispectrum®] o|& uEldth AA P-U-Ve Hsa] -PAA o
€ AW Bispectrumo] £4Hn o, HFEM Age AEAY 7lng

oot
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Fig. 2.5 Real part of the bispectrum and biamplitude as computed from velocity
measured with electromagnetic currert meter






A 3% 2384 dFEYS ol 8@ AAF
L

414d A48

HAM Zhzte] Bxel A BAHE AAFE LREUL HAFAYAY F
B AR F9 sduden, oo A& AL LM J4, ¥2 uE, L9E
A9 o]F T AWt AAVA FYEA JEABZA ul$ FAI AFEFR
AHH K. AXFE ¥ FAs7] AAMAE Az ¥y, H=xa, 9
S} AAFA FAol AP AAAnAY, GLAF T FGF AAFo] HAH o}
ded E2Ad7FE SAAFY 2R FAHE T3 AAF FQ0 FYEE Folxn
A} gt

Aoty stxof ¢ste] WS AUFE SUF JHEXE Hol&d, ©
&9 A$ o9 #iMo] FiAFe EoaY st e da g8 A
doltt, Harris (1967 FVZH FRAYOZ o] Bof X7|ATF24 A3y
ko) WolE FAdZ Hw FAHAFRE nAsHT. AUgFANY FaG o
&4 7128 vl¥a% Longuet-Higgins (1970)% 9] °|&4 &Aoo &4HA
F =99 "aAg Qg on, 5ol AtMozNE AYE HYin
EALERA B&EE Y3y on, S4ZAZNY #&E FEES Zon e
fct. W Thomton (1970)% Jonsson et al, (1974) A WX HeFA
E 5440z AAY 74E SALEZ Astdoh. 049 WHEL Avg @y
o 8 920 HE AU SHEL BHAHLE XAsE Aoz A=
Battjes (1979 #digoll A &4 §9) s3] 47 o] o} o] B F
£22 AR ddsded, FEFY 1A Aol FRAYRGE s
ne7] o EQZolaE Aoz RE Y A il F4lo] Hjscn #
¢t Ao



Batties (1975)8] 7] Aawde A% FHd4e 323 ANHn 2R
g sae9enz AYY E4NS0] AAE RO UG FAAS RES} 4
B4 Radd BQ4oZ vEdt. o QRAUN HEdY EQes HAY
4 & RO Z ¢l o] gon Battjes (1983)€ k 2&E4 9 =2 F, Wind and
Vreugdenhil (1986)& k-& &4 2oz #HAstnA dd. O'Connor and
Yoo (1987 ol48) WSS WAL k-z HEY o9 ExHE wAs
glomf o]} AMMOZA Yoo and O'Connor(1988) E4HAS AMA HnE
& BuAdE AT Ae ASAL. AV ks 2ENS Edo2 BT
g% AgE AMNE $2H HEL ATACY, ot A9 HEHYAE W £
Aol &AL}

k-e RENY BARE ol2A ANHE BAAFT A% HAHNE A
saa Z7hts Ao Urdte Aotk ot $drt Axsn de HAvto
SHAAT S e Ao BHusH, U7 k-z HEN) ALRSE A A5
o Wol7t wle AN k-g RENS) A4o] Be ABHE 2A Bk B I
So % AARE o Lurz ANSHT d3sAY FFAYN HEAE A¥
o A AYEE] HHA4 (Universal constant)?t SIAL Hol= AREH ol
d ¥AY & YES BANES FEH A2 FFAUN HENE A0}
g Aol

BTl o8 AAsAHA Aol Yoo (10DE k- HEHE A3 +
Amge ALa9om Thomnton and Guza (1986)7 X3¢ BFBEE% ¥
o o} WEZAee ANARE AU 2EL 0T Santa Babaradl AHE
Leadbettersl ol q 527t 2] g ZAdM BEE Ans 189 +ALY A
s vzso] ANFAEY TAATE FAGLE BEARG ST ARE
AT olo] WA Yoo 19DE TUA4LE Edstelobnt BEATG fFALE



AxARE ANEY °ol= Thornton-Guza®] ¥ 3 vt $32gel Ay o B
< GAEFE AT F7] Q2 Ao wadr. dusd dedd gy
BT Jstd fFAv o] A GHGIEAE F A EF SAN) WE
olth. B AdFo WF X ANAAe} g AR AP £A HAY
Ao v A BF k-] BEA FAG AEAFE ALHAT. B Q7NN
Tt Y FARYE A8 7 Do AUF SNARE AR

ANE k-1 ZENA Qo] 7 & EAPL del g% dHUA Fose
Aol  Add™e o3& wEd dREA Fusz2 AFA4E 9

¢

Thornton and Kim (1999)¢] #37¢el gjstal GH2A4 FR4E FEuss ¥
BE RO2 YAAR Utk £ ATNA AFn4s) APHo2E FRY GFY

AF e AFAE AAGH, 71 W9 Zo] & oz d3HE AYYSrE F
7tA et UZE £4& 2A%AS. Visser (1984, 19919 & Aloj® Y=t
29 WHlste T AYAS 25T HEEANE E WA Ho AALAE 239n
A st =3 gene) Huzue AU FaE FANE Y AN Y
t}.

A2 A dFAYA nE

2 A0S A7ol ASE Bugel BY ANLRHE ol E
o sl &)@ WAL (radiation stress)®) P& TR LEJuIAolY. B
SAg ol g Hew 457 37 (set-up/set-down)ol BE Fol 23 o2
HE AL sh7t] 4ol AFHEd AAASE AXF 4T BLEAE 2
$2 45 UG wed ALFE AUHA 4P Asd B AN FUAS
o gute 44E Asel AAAcA U Dt WA, ok AA BA
4e Edstlobt Absath HEEE A ABABYRNeD Badein

__.39__



4% HAUARENE AHEShH @Z3U¢ (uniform planar beach)dl A ot
e] ¥ 3t O'Conner and Yoo (1987)¢] A|AISo] deon, EF3se] ¥
gl W3t = Guza and Thornton (1986)¢}, & (1990, 1994) Tl A Asjof Ao},

TEFEEHAE GFESFA A% {LEAE n23}r] Astd FAAFE &
dsted, A FVE(E FrHx 294 Ao RS AL. 2 F oshue
ARl % FHFIAL (turbulent diffusion)e]® T & e ADsE
(shear flow)oll )& 2 dolF (shear flow dispersion)ol ¥ AAE HE @43
o HFHMHATE 7 F Avkn M F,

Vo=V + v (3.1
A71N we dFFAH, ve Aol Foltt. EF HdolFE AURE FAHE
ke AAdA EEHE AR ok A E S olgdoz AAste FHA
A veld £ gl LAERH AR AR AL F dokm Fa Ut oe A
Yol ES #AAe] FIAvtAHoRRE AAHE vlFEE (vectorF)HTh wl
FEAAIAZREH AP e EHUEE (scalarP) FBBAE olg W o F

ARAA7} QojA7]) Wojtt. F, ADo|FAFE 3 o] 444 "o

fll’

Ve = M(Dy/p)d (3.2)

A7IN M & FRLGFoln, Dy & vhaYd @ qUANEHE, p & UE, d

UREASE GREEL BUY EYSES S4Zols) Foz TN,
olgl WagsE EPUe] AN uY 2L Ao AYAE W G 2

ve = kY% (3.3)

A7 ke dREFAYAILL IS EP-elott. dHFLFAUXSG} 5o ¥



&4 & Navier-Stokes FAN o 21 fFTHEd GZAdA iz P
PYo R FRWe genz FAUTY A P e desErhYoo,
1994).

ak _ _a ak av.\® D' k¥

at - ax(""a )*"‘ ax)+ od ~ G4 3.4
2

b g e S okt cw e

A7 G, G, G, Ca T FAYFIH, fE BF ST AT R 4(34)

9 WAZE FAPFE FFLFAURA ko) M4SN GAALE k) &40l
3, 4 (35) o MATE FFELD0) 19 MBI AAYL 12) SAFo|T}
BTG QAR MMl Qo) A71He] k- RENFH FAFE Bajstd ¥
A4 Gi# G;EF Launder and Spaulding (1974)0] 3% C = 14, G = LR
AF8311 25, Thomton and Guza’t M3@ U7k BExEe] 4489e o
G G 2T @A & G =10, G = 10 & A3 o}F F3¢ 23F o
Ak thgAol ANY uish Lol e AAFA A HAFAI 4 gex)
W C=06 Ca=15%30 02 #AT AH5NE PAAG. o 9 GFFAS
f tste] BHA A9ols 2¥EYRe) YEFAGE LA, BEBe
ASole vhe) WEFH4E A85A0. Thomton (1993 BEAYOE BF
Fo BAFHSE FERF YA B Ao HANAY. BN BHEHs
Foso vtz ASEE Ao uRARA ge Aoz BUsHH, o9 AM

Aoz FRFHEE APt DAL £2% ¥ast Ao
Z05 44Nz AL AN kst 1g o4 2l e A £23
o Agstel Hgtoy HFHoX FaAden, HFHez FANEEE EUso

A2

Ho



WEY B R AT F WRFAEE @)V o MRS A 4
(35)9 A Fe& (@) o maAse Aoz ¥AAY. 247 k% o] da
$HAGYel o AHEA 4 B} BHE DT o £450] HE P
E718 4 Aok

ak _ _32 3k D: . k*”
9 t = 3 x [Vk ax ] + pd Cd l (3.6)
2L L) s - o 37

kS AT wegk 19 EAAF vzt ALF o GHEAAF voll Wste] & Wo)
7 o3 7HASAE wA 9 BYFFE G, G, Ci T A7HR o)L}

A3Addes AgH Y

AsTe] 9 AXFY A4 Aol Aavel G FHH HAo] W5
olof dn ole HAd%zzAe AUExd wol Hedrh s dey
(monochromatic waves)®] 3% 24& Miche?] o] 71230, o]F o2 AF
AHgol AR A% P& n# st Miched& 33} Iribarrenc] #1A)
d By BAel A sARAE AP, A LYEol (run-up height 5 M3
THIZPE AT FALGTFE A4HY 23 A F (1990)= AHA Ao
A9 A A9x)4 (surf parameter)?! Local Iribarren Number® AAlst3 o)
& Michedldl =3t sAZA7L 2 AaldolNe) AzAe 83 44 st
2 Ao AHEE AREAAL g 2,

H _ L .



A7\ He 3, L& A3ddAM e 33, ke AdHAM Y A<, de d%H
F4ol9 st Local Iribarren Numberst 483 A& Fstd FIHAE AF=A 4
PARE AN OGS 2L BAY ] TR

= 0.8 + tanh(1.061/b) 39

&7} I»E Local Iribarren Number,Z I» = m/(H/L)V?e)t},

471 AnzdAdA AF silE %3 H/F LHHEE SAHET &
T8 £ Aok ol FASMAY utFAA don AFojfd BRI AUIHLe
Fagozel Mgl sHFdH, Hnrt FW EAvRE £4, F, AAR
Ab 5 Al A9 gedel BHsth. o xd dig ANAIAE 2N A
FEre] e 933 2o

H 1
o= tanh[(0.8 + tanh

T )kd] (3.10)
A7 FF ce kd > 1 Y H =370l kd<1 @ 9 ¢ =265 °lth AT
A} m=0.001, m=0.005, m=001, m=01 ol disted 2] (38)2 F&Aet 4 (3.102
2 3% ATs} Fig. 3100 AMAS] ek A F3rol) dist] H A7 4% W)
olg], gjRE AS 2a= 1%oleltt

&) g AF Ao #Fsld AYATE A8 ATFAV FAEA=
1 % Visser (1984,1991) 9] AdAa7t AFAY 259 ditez da AHg€do
B FARgqAN HMeaa ste AAFE FAAEINAE B €31 1494

Eojn RE dHd Ao AUQFEEE FYsth au AYSFZAAN &4 1#
AHQ AUFE APstes AL vl $ oA L doldh, Vissere 22AAFEW AT
B4 E (re-circulating system)3x1 & /M@sle zt g AX{ £E/F FLAA
EE fEFYT £ a8 £3Fo] ALt He 20, o]FHeE FEdA o

r{r

)

el

_43_
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Qauoae) Qs BAZAT B AL TGO, oW ALF AL
To BREE AAHAT 1949E 1Rl 774A 2o AYATe] Ul
gEagon, INIGE 28l 2742 AAE 88 AYARE TP By
W Baadl de H4e QS JYE[ 9@ PE Table 313
2om 7 AYAS A8E FAS] YA AN ok
QAT U A FPL Falo] AWML THOE HE AN N AT
o zulge ZAHERC|N, 4F F A9E vhue 2HEE ok 2nE 4%
3 Z7MA1A Y. Visser (191 £3adEYUS] 231 E ¢p = 06 mm, TFE9] £
$ oo - 8 MmO Uit dNHOE SHENE g o WSS Ao,
e 104 2 74X AR Aoz YAAT. ¥ ATlN 2aYERAA S
2E 05 mmz I3 sg e, £2 5712325 10 mmZ 7} §Ac}. ol
Vissersl WEH) W@ S22 ohe) Aol® wATh whgHe $EmE o

3

o

&

Table 3.1 ¥arious cases of Visser's laboratory experiments(1991)

Beach |Bed |Wave|Wave| incid. Values applide to
condition [slope|height|period| angle | Ks Cd Cs

Case

mm | sec |degree| mm
smooth.c (0.101] 72 | 2.01 | 31.1 0.6 0.5 0.5
smooth.c [0.101; 95 | 100 | 305 | 06 | 05 0.45
smooth.c (0.101| 8 | 1.00 | 154 | 06 0.5 0.58
smooth.c [0.050| 78 | 102 | 154 | 06 0.5 ?

smooth.c [0.050| 71 1.85 | 154 0.6 05 0.58
smooth.c [0.050| 59 | 0.70 | 154 06 0.5 ?

gravel [0050] 78 | 1.02 | 154 | 80 05 0.58

W I | WO & W (o -

gravel 10050 71 | 1.8 | 154 | 80 05 ?




AN WS F2Y AAo|nE AFF Ao MA o} ALY 1WFEE
o 9% vy AR B EAHo] kEHo A AZo] oA ¥ 1
WeF 580 o maw Yos AYHA dsgst YRS 399 FEYE
BYO 2¥o2 F&¥ AAFo] 7t

198 580 o nhae £ A5 vl S Manningd 3 2& 3@l
U} Keulegan®] 7FAol @ #%9 ¥ dozyy zad FAHY ¥
Aste] ol@ASLE Faed, A FPAEL B2 5FA £33 wEHA 535
gA7tA 2P0l AHA £Qew, Prandtle EFFE vt RE FA7A
SHjABAZ H8F Keulegan®] 714 A B ol Bolmg U4l
o)Eo] AslE. wakA o] Hod it doz WS ATt FHHo o ¥
Zoln, & AFAME Azt &4 EAd FAHE TAY @R /& BANE
a9z H8%¥t}. Stickler-Manning -2 198 580 A wh&Y A AHEs)
o ol YLE¥Hoz HFEHE Keulegande sk #ARSHh Stickler-
Manningdl 2.2 §58® vl3dASE 4428 &3 2o

C = 0.016(ks/d)”® (3.11)

d714 Ce 1 Wwas g vldAF, kLt $7H23, de st

A1z 4 G4 (353 4T W FPAF G GE k-& BEH AHE
sga AsxE :Ltﬂi Agsqa. o& AYgAF G G ¥FE A vas
o zASHAEH 2z p29 AY $43 2449 Ao dAHE £AE 7
3. ANELEL ZUsy) st £2F R T FAEIHAA EFAA
on & Zolt 55melx 01mA7|8 AAE ol&stdch Hddu FF7 4
8 wWam Asigsl AAFI o] nAE FF¥o] AUsnE AN AL
CourauntZ7d o2 THAE x| 005% Hth 44 =& 0012 FHloF How,
AAAE (steady state)s 5000% o] & 50& o]4de) wrEA4de] WaRY. &



Ao MAY ZE ALPIE wEFHAY 500084 9] Aol

A4A FFL5) AR

Yoo (1994)= o]u] B 7o @ A¢F syl k-1 2 FA] FHEY
€ A3 dHFHoE NE2E HNHNARE JAoy, /A mu|AE BEd
o 44 (349 (358 MAF 4 36)F 37N AHEdtd Aoy oy AR
& #AstaA gk Thornton (1993)e) A 713 upe} o] G HFUAF7|7F 3t
F71¢ dA3tA geddets HE S Jdow oo wa k-] HEANE 4
3.6)% 3.7 ol FAFAC}. FHRAUAY HY2 AANE EFe LA
o2 A3y, APAF Gt G B2 HdA4H AZE HAREol A3}
E g gt AMEES FUEY] Add F2F ARFUN FARYFH
2] EFAZR oM, F Zolx 55 mol 01 mA7Y AAE o|&3drt. Hyd
W $H71 3238 st dagel ARt MR gdio] ol F&ge] Hdista
2 AN 13L& CourauntZH o2 FEAl= 3 005x Bt 84 A& 001
2E& Fsolor Fom, FAAE (steady state)t: 50008 olF & 0= ol Wiy
Aol oY, Yo AAY ZE A A 95} 5000 A ] Aol
o},

B3 AHNN EFFL FTFAE 9L S Aoln, HYEHF L A
H EE I ZAAA el Aot Myt AGTNE AASAFE FHATEA
Ms = 04 7} 28 759 dsly 4ol AAE FXojd, olnt} 433 Fod
g & ASFE obfe A 2R Hyd ¥ File] FEA X3 Ho=Z v
o, ojuctt 433 ad g AFE ol FAA ZAZJAR dAFF vF F
A ARG GFAUR k9] 4 AFA Ci e 009, 05, 1.0, 3.0, 100 5 5 7}
A FAE HL3: e Co U GE 0.05 01, 0.2, 04, 0.6, 0.8, 1.0,

_48_



20 5 8 7/INE Hgstad 4AY HU 44 B2Y HuY #4537 WA
HAY AYYS4E S28uA #A. Fig 31 e & AYASFY 2@l
me ASE Al w49 FEE ZASALH, 2 B0l A AYYEE
A¥AE ALY Hdadel BEAYG AFE $AES H8ko] Table 3290
RN

Table 32 olX - 5% 449 ARs B3FPud H2 AAsE 3
$ol: + R3E B} AT Aotk Case 4 96 A A BEARS
NARAE W o= £HE HEHAE F4 F2 NP Case 82 B @
4 o AAsez A A AHE G G . a8y gE Ao
H8W Co Xl wa 27 o) A7 A== Case 1% Case 2
ANE AW Col dated o HHX7F TN BAAYG. A7) Eel A
NE sk gol Cio X7t AXNDAN GO AR £AE zZAolxEdl Cases

Table 3.2 Optimum values of C2 with various values of Ca

Case Ca
0.09 0.5 1.0 3.0 10.0
1 - 0.05 & 0.0510.15 & 0.23 + +
2 - 0.46 0.05 & 0.27 + +
3 - 0.58 0.4 0.24 0.07
4 - - - - -
-5 - 0.58 0.44 0.28 0.14
6 - - - - -
7 0.96 0.38 0.30 0.14 +
8 + + + + +




4,6 3 8 & AYdns P& ZE F$d HAY Fre dd. 2¥Y G
=05 % C:=05% A9 ZE A% HHI FX7t € A2 Aq4dd.
Cs = 05 & Launder and Spaulding (1974)¢] 3@ %2 0.09% € A&
Holx Ro2A Dong et al, (198)E vt FAAUNANA FAGE FAE 2
Astgen o 2EoFE S o] AR

dFatol o) BT 4Ho) HAPYE o€ W FFAUANY ELE
e & tg3 o] H71EY

= _av
E-Uvax

(3.12)

G714 x&= AgAM dRurgke] HFolrk, 4 (3.12)F Navier-Stokes HA
NoZgHE L HEANL 458 9 FE59, o5 4 (349 v X% &3} g
32 AR e = K & nEAS o

2

) (3.13)

=[5

Ca =

b 9. 2 ko] EAASE Cos AWHSY kol g Aasd wu AF

oltt, APFZoM BEZAN FHI 1YYzt 38 o FYFSHA A
A v o 30 % 7t €8 GAdAon, oj2FE AW FHAAN
Cs = 008 - 009 48 & &+ Ak, 2t Asd A} o] dFe
dAgge] HE A AP LGP} AAFS olFE dE7 F W AGdHL
Aggedn A 7|7t ZopAH, o]2M ko] EL4AF Cat 0.1 o] H
' AeE wudr

Cs® AT X7t cases 1 # 2 AME o 05 A Ao 2% 399
gEE 05 & Adsed, 2 olfe Az 27 FaAsA @€ A

fr

_a)__



2. F cases 1 & 2 SN E YAZo] o 30° o]y e A Sl 154°
olt}. QJAtZto]l R4 E AW ko) d@ AP$d w ¥zt AAN Coot

ug Axe 2¢e 2t a8y 2 /8L F/A 24 Adsz 2
) Ex @& Aoz A4HA
ol4e HHs slYgoz HYY FYUASE Ca=05 % G = 05 § F3)
AHg3te) Visser’t 4YBEE 8 7tX ZE Aol dsid AAFE 4HA
th. Fig. 32 & Ca=05¢% =05 2 7t3sx FA2goz 4AL A
Mo $EE AU EAE uieh 2ol case 1 & AFY AEEEY}
29 FEEEG ofF FAISE, ool Cases 3 - 6 & H4AY FEEE
FEEEA s ok Fa 4AE Ago] A2 cases 7 F 8
& o7 B AAsE Agol YU =AY case 82 AYEHT GAHoz
A AN Aok olE ASAE HHS Yo T¥ £AF qeqW 4
Y B2A8s % A ¥
Fig. 3201 44® E¢A 19 2%/ @4 A Aok 438 9
s} ol 1o BHASI 43 ALmE UFBAFHSE (g FRHE
7t 438 Ae AL ¢ &Aoo, A0 olge WolEH A7 RFAs
ste 2osA dede & 4 A dF £0] case 19 #FH5E 05Hz
olm, case 29 HEF}4E 10Hz vl Wt F F$ ZF AW L2
GEUA Fase Az RS 204Hz, TS A ¢ 208Hz 2 AP UL
Q714 GRS FRse WAz} o AdiRolt. waAN dFEL F
B5g HEGsel wAPnn AP W FAAo] SUE 4A 43I 2
A& ¥4 Aoz B
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Fig. 3.2a Cross-shore distribution of various parameters for Case 1(Feb. 2)



TEST 5
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Fig. 3.2b Same as Fig. 3.2a except for Case 5(Feb. 6)



As544d &

v T4 F AN FE Ao 4@ U Edoln, FAAS
WA AHEE k-e HEHE 4P TAWE =239, & $d% ol
7l B4 A Aol BAHOD BY ROE APHEY k-e HE
Ag AT AVAZE GHBUAS A Bo2E ASHN FAAEA
g 2Ate Holth ot BUAFI eol AuHABVAT oFEd AFsHE
Ao2 BUUY. k-l BENES FVASI F A5 ks} [ 250 vABAS
%7 W&ol Aol 4P ool o, MAY VAAFY BRI} S
oolsan e A%dAgs A dARE Aoz ARG, a2y B F
FAAF) EYVORE ANFY FSEEI AP RN BEA )
st AA AATEd ot E b BANN A4 Gdo] EAUEL AT
.

F7HGUASE PHRAUANCAEY Hsaol MG AR 44
Y AAFY AEREE BEHAG A9 YA, ol FrlRAe AAFe
AAAskeh PALSY AN 2ato) A RO WAHL k-] HENE A}
g3l YRYFVASE Fon AXF Axws L ALY o sAw
#7804 neiste] 4YARA AEHAL W k-1 REAol ALSE A B Y
A4 Ee A9 dA3A Aot AAF AEEEE 43T & YA =9
A FARYANE | REYY S4e] EYHE GRUY FR5E B3
gl wAse Aoz AYHAE, o BSANRSY YAFH dt AR
o Hgol BEnsel we WAL AQSHAE © Case 1 o A$o A

AYAT A% B Fgol vzl 373 te £AE Ygsodor AP
FEEEE AAY £ AT, GREA FH57} (@02 o wABGR 7

o RE A4 U FPAT $U8 £A8 A4S A

A
S fAME REEES 98 4 AN
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B A7 A AYASe AAY £AE AHH Mo T I
FA7 UF Cs= 05 % C = 05 e, t@ALS o] BFAYA BE
Hol A8HE G G TE o= A9old 94® AAFFE ohd Aoz
AP, OEE #olEz4u YAZ Aslel wE Wolg ASHE A
(B2 Aol 9% YHFAEE AUFo ARSER dolz2sdE AY 59
N9 ARG A 45 Yo, =98 uish 2ol YAzl mak HH £ 9
Aol Fae] Ueun Ath. Y o9 wWelk YAm A

T FAAA ZA HoluAE #& RLE dddn



A 477 BFEAEY AAQ L 9 -wAbs ES71E

1

QA7 FE 718 Y HAY FFA AT Yo ZAY fluxd FA
3 g A& & ¢8R Atdolch.  Longuet-Higgins (1970a, b)e HAE & e

A2 cross-shore ZA7t Advtdst dFEFH P& ol&vhe 7143

ST sl Mg dAtiSg FENE fEdh duty oz AN

BAREHE g H¥e 2 RWSEE gAY 23 SgrFEY)

PALS 9] b & 48E A

Ag7HA 9 AFANME F2 ©¢eW (monochromatic wave) 7} 3FolA] Q<gt

2

-—

FE WHdEE x¥o] dF-Eo|, HZo| Thornton and Guza (1986)°] F 3k
FFE ZAe BT AFd 4¥ AJdFo Ao B =98t oL
Rayleigh®] s} ¥o] #figtel ©}& weight function® Telstd $Y neke) BF
HAog BEHAT. dRAo R doduldd P SFEEIZL YA (narrow
banded)st2 2 49| Furo HFAPLE LS Gz HAHIE & F7 Qe A
o2 AZEy, QAN Bgs AN U (swel)F QiAo wag
T (wind sea)7t T&3c Aot YYLAEHS sojol AUg PAg
8 2ol 7bsd Aoz AlgErt EF QUL A7 AALFo FAH &)
qoz A27kx] P AF FXEC] AXHR Ut o] FIREL A 9
el YA E AN 7] B F2E FY 9 YAttt wAlns 3 &35
He olgig g9 FAg e YAtutel wkalule) ¢do] randomo] of7] W&

o ¢ BAe e A SE A

1L & e o8 o 9830 7)lng AYL FHAFUH
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o822 7N e 231Y WHAHER S WAL EH o Hrld H L7 A
AL SYAHEY FAH P QAtupeh WAl R 7o didd 7)&3})
2 3

A2 A PYg2AEY S AAY

ojlgXqog WYAHEHRL time lag®} space lag 2 RHHE F£HEUS F
A 349 Fourier transformo| 22 HYAHEHD G A7) A e T3 &
& HolAN BFg BE3 Foh. oAF AFHE FHIY A%t 259 Aw
¥ 9 BFoz HYAHEYE FYste WHye] FE3 dvHO fo.
Longuet-Higgins et al. (1963)2 Fourier 348 ©]&3td WHAHEHS 43}
£ wHe Atstd Pitch-roll buoy &) &3ttt o] ¥¥& Panicker and
Borgman (1974)9] 93t &3 =Yn, & HolA e 35FE A3 A4S
of g F83m, g8 HelM FARZE AR AL AsAME A o
g ZAPES AH8¥th Barber (1963) Ftuldel zAmd HEY £ Ae AH
Fourier ¥ %Y (Direct Fourier Transform,DFT)& #l1¢t8ldth. o] Wl @
FAAEPS VSHAFHNY cross 2HEP ] AFAFo2 Yehldt.  Isobe
et al. (1984)& Capon (1969)¢] Maximum Likelihood MethodE SR de] H{ &
F AEE 4% dFFHY (Extended Maximum Likelihood Method, EMLM)-&
At FFHSYULE 3 HolA B3 Y FFFRT ohE} o HelA @
¥ HEFE 44 H8¥ & de A<l vk Kobune et al. (1986)L Shannon

o) YUAEENF o] g3l Halso] $4% AWAEZYY (Maximum Entropy

de

Principle MEP)2 /M@l on, 29 A (1990) WaE X 371 delta FolW
HAYAE=Zv Y] A AEE & (exact solution)®} FLdddes A& FHIA
t}. v} o] WY& Lagrangian muiltiplier (MEP2] u]& ste}olel)o] &3 v



FAPFAY L Eolo} d17] W] ALl Be] HE HrF FHNA ¥e
A5 Jdorn B3 Fudadl ALY 4 gt ¢Hel 9. Hashimoto et al.
(1993)& Lagrangian multipliero] #% W4y a9 HAAE Y X ¥ H&
A5y-E £989 Lagrangian multiplier§ ZAste $ye A} FFHRA
E29Y (Extended Maximum Entropy Principle, EMEP)2} 39383l om, F3tuj
de] AroE ALY & JAEE NAsAh. $H Hashimoto (1987 F A9
Bayesian3 2] & & 8% B
g sk o] He IWMEY Aed F& AAE Fu Aoy, HOAE
2oy wpRzb 2 AgAte] Bl A syt £HA %E A¢E A
53] BDM2 34+ A7 2% A=/t AQAEZAY ¥} HolAv] FA&opd
setuete) $E 7270 (BFgRA5 S 5 22 F FE AdAEz Y g
YA golq AAZE avtE wdsd

ol AFTT Wg2dwEZHe Huld FAPd BT FAT g L 2 Py
AzHae SZHFATE (19929 o™ Table 41014 zH whge] BEHE e
A Zzvns Aot Table 4104 AFANEL 44 7] B dig L&

ayesian Directional Spectral Estimation Method (BDM)

Table 4.1 Comparison of estimation methods for directional wave spectrum

=44 Hg4 | was AMAR] A 2
A3 Fourier HADFD) | 32Wd” | B2 [09uE | AdAE

Longuet-Higgins® (LHM) A EF  (v$uE | getdEy

3 - H(EMLM) AL | %3 wE | AFAY
HdjJ E 2 9 Y(MEP) Huld 5 =9 v} o by
Baysian' (BDM) A B 557 Y ALY
S HAIEZIHEMEP)| &g T =3 ve} ol eb

D #0ude IS X9Y
2) 44 E ol o] widel i@ Y



TEETY & 2 AME BZ9FF 29 cross 2HMEPoE g AH AAse
Wileln], velvjelie YEEEUSLE R e dHevelz ¥d¥sn o e
cross 2¥EZOoZ RE Aiste WY& o),

A 34 Q- 237y

4949 239 F2AA WAASE ALE) AF A7 19708 olF R 2}
# AEHAUYG. Goda and Suzuki (1976)% 2P TFZE A F A9 AnAS
dAste o2 X8 SHE FARRIIE ARG wEoZ WAAFE e Uy
CAYWE AgsiAdn. o WYL F BuA ke Azl wel Ho|H (singular
point)o] AZ ¢ gloerng olF vsald AY F3< (target frequency)ol webA
A719] 724& <@ dodob gtk Mansard and Funke (1980)= Al 709 waA=
FEH 4 FABSARN HAAEY (least square method) & A3t WIAMA4
g T3 9Y GHWE AAdSALH, o ¥e 2dUHAE g 5oy #x
VA 7] WE &89 Fo] wk 2HYLE FxoAM BA=E A, wHY A4
A, Alad xol= (signal noise), A3t ol UZF ¥HgE Holm oy,
UYL B Aol @ U723 Aoz vasn Aok (¥ 5, 1992). ol F W
HE 249 AYFzdAA BASE AR BHAge HEE £ Ao 234
TEAM #58 AFde Mo 237] (wave generator)dl ¥ Hga ¥
YTEE, £7%7) Tl g3 WALE Hdo] JAso] Qemz oy Ao =3
71l dla QY HFE ASZABEZNEH FEE d 23YPH 3WYo) F2 & ¢
Hol st oAl ZHA olglg AFe WSRO E 29 o8 dAgE

HFPEE FE3E d FHS FI 002z A% £ A2 Y &3

Isobe et al. (1984)2 <YAMItst WAl FEIME AFF 9] HF2HEHS



AR £ AdEe 7I€4E FE3dn. o] ¥R = MAHASFTE 235 glen
E EAE ¢43817] AaM e A dF 7140 B3N B AgzAA o]
a3t Cross 2¥EY EHOERE FiF JEo] EHE2 WS E v
Foo didtd A HEne] 2 FEE & Atk oY AFE Isobe et
al. (1984)3} A& & (1987, 1993)9] 3t 43P At Isobe et al. (1984) <
W Ao Beol &Y WAHATE AT AL FEHeH, ot gy
ETHAFZ qAME SAEE AT FE HA F (1987, 1993) WHAHAS
& B%ol distq A8 (exponential function)Z T ¥ 33 Bayesian %3}
HAE 29U & AHR3t] WAMASE ALt AT

2 G7oME BAbe e 27he] He AuidAAE HEAN JHE &
Estn A A H &Y & AL Isobe et al. (19849 FHALHE o
A A% (AE €Y HZ A% ¢, A3, ¢A7EE, $829 £
)9 AFatsd HEY F UAEE SHsR FALGLYE %—3}01 < gyl ¥
ils R AHAS 339 FERYE FEIAT

ot

Og',

A 4 A Cross Z2¥EJ3} YP2HEF ] A7
AP WA $28hE Hael Fourier-Stielties Edol T3 o] E
Ag & Qe

Tl(;,t)= L L[e itk x-00) re' ;"m]Z( dz, do) 4.1)

714 n(xt)e FARN, &

el

dede, ox ZFHS, r& SR, X2

Aol gt X9k tFel  vectorol® Z(dhk do)E AN BAE

(complex amplitude) & JAlHte] WEAHEYNE S 2L FAE =),



<Z(d%k,d0o)Z'(dk,do)> = S(ko)dkde (42)
A7|M »& FARAE 9ujsn S(%o)E YA dux) AHEFGo}

Ax 97 SR Fod [IAES whalnE ZAA AomE YA}
st} walgtE 9Ate]l M E§o] ohUth (locked phase). 1BEZ RE B3
o] $14e] N2 Eolgx /M8t AME 71E YYAHEY AR o]gL W
A7 @A #H9e dEdE A48 4 . o)y @ A9 locked phase?)
AgL nestd WgAHENS AASE 7| BSAHAE Isobe et al. (1984)0] A
£202 #5330} Isobe ef al. (19849 A& Yutyel B P 4 4 AE
2 gAsia ogg 2o

Oma(0) = L[H,,az,o)e"?‘ oy rH m( -l;r,O)e ik ;”'] (4.3)

[HuFo)e ™ * « rHW Bro)e © *]sE o) dk
4714 Hko) e $AUNE Y8 H5F9 A2d5oln xnd x& B Fe)
B2 YAoltk. A43)e] FolA F HE LY cross 2HREH ()T H5oF
4 29E33 (S(ko)e BAE Yehle oz g.waisst FEHE By

9 BP2YEY FPIN T 7R HE Aol @ A r=007

71E9 B 2¥EY F49 7JEHoE o

A54 AXDAYY 9%

A43ANA F dBZ e AUA Ao F YA AEE vebdd, FAA &
9 At JEES ddujdd. oA F e & st PR dEe=
ol locked phased] d¥o2 Azt 443k % (phase interaction term)o]2t
32 FEY. 4439 dBEZE AMEHALT W &4 e dAeyrE FARdgEy

o
fo



g3 e duidog gd"E 4 v
o(x) = J;é"z';S(}',o)dE (4.4)

¥¥ Mitsuyasu¥ 8] S EXFSE nisid

S(k,0) = cos 5 (4.5)
2 Fo3th, xE IHFIA te3 g

x = (Rcos8, Rsin8) (4.6)
N5 (46)& A0 dYsd HEL FPstn x=09142) co-spectrum

c(0)2 2x9sstd 22 oga e co-spectrum} quad-spectrum& =t}

o /2]
ﬁ%ﬂﬁkﬂ)ﬂ?[(—l)‘ = (Sf!zl)!sz(kR)COSZI(Go—G)] 47

(x _ [(s.-l)/ZI[ )’ s!

s!
«® "2 A OV emaDr Tevaemr ) 2 (kR cos (21+1(80-6)]

4.8)
714  J & l-orderd #1%F Bessel #5019, [pl&= Gauss 7|1EZ2AN pF dx
%< HU9 ATE 9uisth. Fig. 418 A8 = 080-0 = 0° £} 30° 2 AS Ay
Ad (R/LLL & 3ol d3t co-spectrume] W3S BAgZE.  quad-spectrumoll
e 29ge FeHe Fig. 413 vxsiy ov Hds AAige] Fig. 419
zero-crossing®l A YERGE 2473 2(48)2 RE ¢ 4 Atk aE= ¢9

A EL co-spectrum T2l ¥ (envelope)olth. YA A&} WAy A

™
2

datddEs x = 0olx A4n4dee] walNe x = Oolmz Fig. 419 EgH 2

AYDEYS 2718 HEagL 428 4 Aok o] IYSTRH YYRT

als

=

o) fEZO] ZEFE (s7h E5F), TPl xo By AYSE zen W



Co-spectrum

Co-spectrﬁm

(a) A0=0°

! T | | T — I , , -

S$=100
§=20 S=4
¢}

-1 ] 1 ! 1 I 1 1 1 ]

0 1 2 3" 4 5 6 7 8 9 10
Relative distance (R/L)

(b) 26=30°

1 T . T T T T T T T

S=100

Relative distance (R/L)

Fig. 4.1 Effect of phase interaction terms (a) A8=0° , (b) A8=30°
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ApAol 7t7h&4E locked phase®] 9ol FoAYE & F Ao Ay o=
g-olE v oz RE FE3) dE dolAd FAAME locked phases] d&o] ¥
Ald F Q7] d&ol o8 ¥ s HYAAE random phase§ MR} WHYAHEY
FAYE H et vAgE F4E £ A

A6 3 3334548 MEMLM)9Y #x

71&Ee HEAHEY F3 o]E2 L A3 HEF F UEE /M= Ao
A ogE He 4439 AHEFFA EFEo] Je BHAMAIGE ro] ux|4roln
47 ole Fdsst Wgs) gaeks Aol F MAMAE rol Oy F71HQ
94 £E AGxA Fo| Yasio

Isobe et al. (1984)& 9] H$¥ (MLM:Maximum Likelihood Method)& ¢
WAL FESIE BEA HEY & A=EFE UMY FHHSHY
(MMLM:Modified Maximum Likelihood Method)22 @33ttt Isobe et al.
(1984)e] WL FAYUYE didoz 3Q7] W&ol S E (space array)oll Tt
g8 4 k. 2@y FWAl A& directioal waverider buoy, PUV 7171 § Al
4 (point array)& ©|&3le] WFAANEDE A3 3971 dF-Eo|2:E Isobe
et al. (1984)9] $H-& Huldel AHEE & AEE dAstoio}r st wety & Q
T Isobe 59 MMLME RS o]9)9] fF5Fdx HEd = A& FFE 4
2 #E}Y oz FAEZHY (MEMLM:Modified Extended Maximum
Likelihood Method)2.2 H3ln +x2oA¥E T3ty MEMLMe| o3 wa £
s WA AL FBPE FEFVE

Isobe et al. (1984)& Davis and Regier (1977)3 o] ¢§J.wHAl#7} F&ESE
BE3e] WE2HEY FAHAXNE BSAFTFUNY cross 2HERHS HPAY

(linear combination) 2.2 ¥ &3} it}



S(%o) = §;um(%>¢m(o) mn=12 -, N (49)

A7 S(ko)e YA BF2HNEY 2, am(DE AYAYY AL, N

e B2REBY folth. AN A4l WY e} o},

ko) = | SEOWE K (4.10)
wWEK) = §§am<7€)m.(79> (4.11)
Ton(B)= (Hn(R0e™ *+rHu( Br00e® *x @)

(HL (K. 0)e ;"+rH;( Tc'r,O)e"'?' 1

A410002 Ry werdend 2435 S(kos AAHEY (real spectrum)
S(%,0)9l window W(k k)& convolution® 2L ¢ 4 9}, ¥8 windowl
positive definiteness® 5-87) 18d am(k)E the& A3 o] Hermitian

formo.2 T}

UK = Tm(RT(E) ' (413)

21413 A(4.9¢ A1 dY&HA F52g dert

S(ko) = ;‘.Znhm@)%(o)v;(ﬁ) (4.14)

WEK) = ggvm(ﬁwm(?n;('fé) (4.15)

2(4.10)91 4 BE= uig} o] window?} Delta #rold 4 A¥EYRL A~
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HEPYH T3t metA window?} Delta ol H23a 42 Yg2AHE
Yo 24 AEE: AP A1h)oAN HEANEY FHANGE F37) A=

B4 vzt AAdolol @tk add HA159AM v(k)E windowStE #JH
o onz thge] UL A T 4 U F

wk,x) — 8(k k) (4.16)
A(4160¢ 44103 BIANA AAsd SEot WkK)7t ZF go] oym
window7t k=Keld Hogg zenz wkhE IAA $AY 2%
windowe] 94 & S(ko)& #H22 = vkE FAs: A=z Az
E719) 284L Aste] vectorst BD 715F U5t 44149 H(415)F THA)
29 gg3 2,

S(%0) = Y (Te(o)" (k) (4.17)

wEkK) = 1T (OTEN (%) (4.18)

71 4Hx TE AA (transpose)® 9w@ct. zmz S(kos vk
g dqss BAE Bedt 2o

min YT()®(0)1" (%) (4.19)

subject to Y (F)T(F)1" (k) = constant (420)

4 (4199 2(4.20)

Wkk) _ _ANRTdEY R
S(k,0) YTo(o)y (k)

— max 4.21)

2 uE 4 Qh. 9714 T(k)= Hemmitiano] 2 2(4.12)0]14 2E uls} o] F

_%_



N9 vector2 EHHZZ rank(?) = 1018 EF o(T) 200122 T9 IZ{HA=
3htel 9 A4 N-1 multiple®) zeroolth. 41(4.21)€ Rayleigh quotientZ &
A don Hygte

Y = My* (4.22)

& UFdc LFA LY HUZ hux st FLST (Wylie, 1975). wets o

S(ko) = 35— (4.23)
2 A Y49 Tk &
T®) = 15 I(® (4.24)

f vectore Yoo A X}

f
¥
(8
>
N
8
i)
5
N
to
=
f
4c
3
>
n
o
2
=2
olo
2|_'_
(ir
i

EE vectord € ¢ F Atk AHZ 9& nF{A dSdE RH vectors AR

.98 & + Ao

o

(orthogonal)OIEE A=0Q1 Rf Ao g3 A vector

A 1o dE3E THAT M OlEE A(422)2 R

(e

TYo = Mmax®Y5 (4.25)

olth, A(424)F A(4.25)9) didstn ¥wo ylols Faia

Yo oY IYs = AmaxY2Y5 (4.26)
& de. gy
Amax = Va0 'v5 4.27)



olx WYAHYEY FHAT

K

$ko) = T (iR (428)
ge o 2 gt ¥ 44129 A28 1E

Vom = Hm(Ro)e ® s rf ol Tr0)e ™ *= (4.29)
o

3(k0) = K[ ZZ0AHn(Rore ™ +rHL( %r0)e i ) (4.30)

{Hn(E,O)e"T" ;n"'an( _Izr,o)e i ;v}]_l

ojth. A(430)& MMLME Uutdal BEZe] Hgd 4 UEE 8F§ Aol
WA zerodd Aol 7129 BBHLYW (EMLM)F ol o714 k&
NE RS-

Omml(0) = f_k,[l+2rcos{_lz (= 2w} +r218( R0) d% (4.31)

g BERE% JaAsWon ALY, AR AAsel HE vector H AW
S,

4(430)0] Q-abs BESE FFFAN £RLFAY) o) YA @
~9EY 2AAt NU30CE RE Ane) B 2dEAL 4FFAD 9
AASE Pobok @k 22 MAbAGE dwdez e Fuse BLEA
nAFelnE ol& ARy HAME F7HA ¥R Ex AGzAN] Was

oft
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Fig. 4.3 Resolution of reflection waves for probe arrays
(Heavy:real, ThinMEMLM estimation) (a) s=10, (b) s=100
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Fig. 4.7 The same as in Fig. 4.6 except 6-component
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Fig. 47 (Continued)
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