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2.1

Berkhoff (1972)

(BBC)

(DFSBC)  BBC

1 = acos(kx— ot)

f_ coshk(z+h)
~ coshkh

(mild slope equation, MSE)

Laplace
Equation Section 2
Laplace
(2-1)
X
V4
= (8 /OX,0/ ay)
(2-2)
f

(2-3)
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0P —(aq)a—hﬁq’a—hj:—vh@-vhh z=—h (2-4)

0z OX OX 0oy oy
2
0 0,20 (2-5)
oz ¢
(2-1) f
[ f (Vﬁqw %?jdz:o (2-6)
(2-6) (Green’s first identity)
2 z=0

[’ Vool l :—[f@—d)ﬂ} (2-7)

~h 0z 0z 0z |, .

z=0 o* = gktanh kh
(2-4)
f(ai’j _@(ﬂj ~0 (2-8)
0z z=0 0z z=0
z=-h of 162=0 (2-4) (2-7)

z=0
[faib—q)ﬂ} :{—faﬁ} =[fV,®-V,h] (2-9)
0z 0z |, oz |, z=-h
o f /102 =K* f (2-9) (2-7) (2-7)
0
[ (fVie+Kkfo)dz=-[fV,®-V,h] (2-10)
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(2-3) (2-2) o 7

ig ) of of _, 0% f
VO =—"2| fVp+2—V.n-V.h+n—Vh+n—
h a){ Y oh W7 Vh n@h h n@hz

(vhh)z} (2-11)
(2-10)

2
j(’h{ F2v2; 4 2 f Z—Lvhn-vhhmf gT‘;(vhh)2 +f %vﬁm i zn}dz

=—[f2vhh-vhn+ fﬂn(vhh)z}
oh z=—h
(2-12)
(Leibnitz rule)
V.hi V.7
0 0
A -j_h f2V, ndz+ j_hkz f2ndz=0 (2-13)
g f2
w/k=C D(x,y,zt)=0(XxY,t) f(zh) Berkhoff (1972)
(Elliptic Mild Slope Equation)
v,-(cC,v,4)+KkCCg=0 (2-14)
Booij (1983)* o’n/ot* =—w’n MSE
(Hyperbolic Mild Slope Equation)
0y V,-(CCV k’CC, —” |¢=0 2-15
TV (GG Vi) + (g, ~ o= @:19)
Suh (1997)
(2-12) v.h

V:ih
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2
_%f+vh (OC,V 1) +(KCC, - @ + FigVih+ Fugk|V,h[* =0

(2-16)

- —4khcosh kh + sinh 3kh + sinh kh + 8( kh)2 sinhkh khtanh kh

: 8cosh’ kh(2kh + sinh 2kh) ~ 2cosh?kh
(2-17)
2
F,=— ek |8(Kn)" + 16(Kn)" sinh 2kh
6(2kh+sinh2kh)

~9sinh? 2khcosh 2kh+ 12kh(1+ 2sinh* kh ) (kh +sinh 2kh) |

(2-18)
Hsu  Wen (2001) Mei (1983)*
f =ct & e<<1
A%, Y,0) = (X, y,t)e" (2-19)
(2200 v (2-21)
(2-15)
EEMSE

20 ‘2—": =V, .(ccgvhy/) + (kzccg +F Vah+ Fzgk\vhhf)z,y =0
(2-22)
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221

EEMSE
Isobe (1987)*
foi

.y [(CCy) Vi ]
atz h g/i ¥ h# (2_23)

Jr[(kzccg)i(lJr if5) — @ + FgVih+ Fzgk‘th‘zJﬂ =0

i /
foi = fs + fa + T fs Ta
fnl3i
(2-23) Radder (1979)*
¢
v 4 (2-24)
(CCg )i

(2-23)
“Toay x V() =

Ke

- vilecy) [Flgvﬁm R (Vih)’ QKJ

2\ _ 2 _ ' i

(), =K (1+1f0,) cC, ) ' (CC), .
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(2-25)

222

$=Ag"° (2-15)
(2-2)

A, a

2a VvV, - V.a)
oG - 00y () -

(2-27)

g’ o’y 2305 08 . .(aZCCths o fa’CC, k’

w ot° o ot ot " 1) h= @ h=-5
(2-28)
D,
(a) (D;=Dg) (b)
(D.=D;) () (D =Dys3)
0=0° V§=I (2-28)
d(EC,),
dx =-D; =14k (ECy); (2-29)
E = pgH?/8 H; =24 P

2.2.3

2-6



Shuto (1974)%

I:Ii = Hi +(Hnon)i
ﬁi Hi (Hnon)i
(2-29)
Di = Dsi fl = fs

D, =L gi[(zHH +H2)C,] (2-30)

s T 8:0 dX non non gdi
d(EC,),
%l D =—f.k(EC)) 2-31

dX s SIK( g)| ( )
Shuto (1974)

(i) _ L for U, <30

Hy ). \2n tanhkh

¢ H;h*'" = const for 30<U, <50 (2-32)

H,h*2(JU, —2+/3) = const for U, >50

2
Lpp2Kh g 29T Ggenn

H, == =
: L 2( sinh 2k h B 1o
number
(2-31)
d( ), dhd( ), d( ),
== = —tan f—2A t
& o dn anf

2-7



0

fy= ﬁ(—%nL S +S)tan S

13U, -103

_kOih_hz(kiz_"kai) _2n-1
3 4n?sinh*k h 2n
2.2.4
Eldeberky
Battjes Janssen (1978)*
Diot
Sy (@,6)=——*E(,6)
Eiot
Ee E(a.6)
1 @\ 2
Diot =— aBJQb( JHmax
2r
agy =1 @
Hmax
Q, =exp % 2
(H rms / H max )

2-8

lgh(_1.5\/I—2\/§+s1 Fe)ns

for U, <30

for 30<U, <50

for U, >50

(2-33)

Koi

Battjes (1995)+

(2-34)
Dtot
(2-35)
Q
(2-36)



0.88 ykh
H = tanh 2-37
max = ( 0.88) (2-37)
H
7 =0.5+0.4tanh(33—"2) (2-38)
L,
Hrms Hrms,O
L, (2-34) (2-31)
d EC,) = =—f,k (EC
&( o)i = (S )i =~ Tk (ECy), (2-39)
ki (ECy);
McCowan (1894) #
Hy >0.78 (2-41)
h,
Hy h,
2.2.5
Eldeberky Battjes (1995) Eldeberky
(1996)* LTA (lumped triad approximation)

2-9



Si3(@.60) =S,:(@,6) + S3(,6) (2-42)

Si:(@,6)

0,
= max ) . )
{aEazfr (CC)i (I3 [sin(B)| E* (@ /2,6) -2 E(y /M)E(w.,ei)}

(2-43)
Sis(@,6)=-25;(2¢,,6) (2-44)
Qg (tunable proportionality coefficient)
1.0 4 (biphase)
T T 0.2
=——+— tanh | — 2-45
h e [2) s
u, 1116>U, >11  J;
Madsen Serensen (1993)"'
ki, (@h+2C )
(Jniz)i = ' 7 ; 2' 2 5, (2-46)
k. h(gh+=gh k, —=@ h
s N (9 I K L@ )
kaa/Z kw.
Ca)l/Z
(2-42) (2-31)
d(EC,), ¢
dx == nlsiK(ECg)i:(Sm)i (2-47)
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A (SﬂlS)i
nl 3i
ki (ECy);

2.3

231

(radiation boundary condition)
Sommerfeld (1964)

(scattering waves)

d¢'=aé’¢'+qé’¢'=0 B
dt ot or
a=(1-R/1+R)

r =|r|=Xcos@+ ysin@
oB
2-1

oB

X—

P+1,q

p.a+lip.q

p.g-1

0B,

Py

2-1

2-11

(2-48)
(2-49)
C=a/k
0
A X
M
By,
«—1—
q=1

a BX+



¢| _ aiei(kxix+kyi y-aot) (2_50)
ﬂ=cos<9 T _sing (2-51)
X oy

X y

D Fiak,g =0 OB or OB (2-52)

ax X X

o . _

ﬂ_y+ iak;4 =0 ﬂBy+ or é’By, (2-53)

ki =k cos@d K, =k sin& ¢ X y
0 0B, oB,
X y 2-1
(1)
(fully absorbed boundary condition) (2)
(total reflection or partial absorption boundary
condition) (3) (specified boundary condition)

(2-52)

(scattering wave)

(2-53)
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JB . 2=
X X

¢ = +9g

¢|i _ ¢?|i ei(ki xcos @'+k; ysin @' - t)

¢. _é ei(kchos9'+kiysin€'+a)|t)
s — Vs

(2-52)
o4 . .
OX X X
a=1

90 ik g, £ ik,
OX

6B, 0B
Z—é =ik + 20K
232
HoiksKsi
ks 3
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(2-54)

(2-54)

(2-55)

(2-56)

(2-57)
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_ 1 1/2 _
= [(1+2kih/sinh2ki h)tanhkih] (2-59)

k; =(cosf,/cos6)"? (2-60)
6, 4=0
6,=0°  cosfy=1 cosf#=1 k, =1
2.4
(ADI )
Xy
(band width) 3
(10, 22 A_t(ﬂ Lo G 0 5+ )+ 00
2
(2-61)
(1), 228 T if By +§(k§)p,q<¢.>gz” +6y(#)pg +%(ké)p,q<¢. Jba
2
(2-62)
(o=~ (2-63)
529 = P2t Bl (2-64)
524yt = Bowr =200+ @) (2-65)

Ay’
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(13 29

n “pY QY Xy
2-1 5 AX
Ay X y
n+l n+1 X( X|)pq n+1 n+l 2-66
(¢|)p+lq (¢) [(¢)p+l,q+(¢)pq] ( )
~ IA
i 05 =B )T+ 2006
(2-67)
(At)
At
2w 2
At=N, X (2-68)
g
N,, O(1) 0O(10)
(At)

Diffusion number D; =CC,/(2wAX*/At)
Courant number C, =@ /(A X/ At)

(At)

Max{C,,D, } <1 (2-69)

Li (1994b)
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|2 DA~
~ \p ¢
Y Ay

q

p

2.5

2) 3)

S(T)
( fIow)

1
f. . \M-1
1:Iow

—_—

f, = f

low

fM = fhigh
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<107

(1)

(2-70)

( fhigh)

(2-71)

(2-72)

(2-73)



H =4/S(f)Af, T =1/f,

(2-75)

S(f.)=H7/16Af,

Longuet-Higgins (1952)*
.F

Hy s = 4.004,/m,
T- /ﬂ
m,
m k
m, = j S(f)f*df
0
Bretschneider (1968)* Goda

2-17

20

Nagai (1968)*

(2-74)

(2-75)

(2-76)

H1/3

(2-77)

(2-78)

(2-79)



T,,=T/09 (2-80)

(2-77) (2-80)
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Goda Suzuki (1976) Mansard Funke (1980)
s Chang (2002)~ Goda Suzuki (1976)
(Fourier series)

Chang (2002)

Chang (2002)

Equation Section 3

3-1

nxt)=a cos(jox kdx+ ot + &) + ag (:os(_[oX kdx — ot + &)
=a, {[cos(joxlow &)+ Rcos(joX kdx + &, )]cos wt (3-1)

+ [sin(JOX kdx+ &) — Rsin(_[ox kdx + &,)]sin ot}

7| =2 [1+ R? +2Rcos(2 jox kdx + & + &, )]
(3-2)
= k[l + R + 2Rcos(2 "kdx+ £, +,)]"

% Ks

3-1



3-1

3-1 X

f

[ kdx= [ "kax+ | XmA kdx = X + [ Xxm'“A (k. +%)dx

AX;
= X, + K AX; +% -
dx X=X, 2
K., X dk/dx
(Dispersion Relation)
dk _dkdh _ k? tan

dx dhdx (kh+1/2sinh2kh)

tan tan S =0
G-4) X X Xt

‘n‘b = aykg, [1 +R* +2Rcos(a, — Ozb)]l/2
‘n‘m = aoksm[l +R* + 2Rcoso¢1]l/2

‘n‘f = 8 Ky [1 +R* +2Rcos(e, + )]1/2

3-2

(3-3)

(3-4)

(3-2)

(3-5)

(3-6)

3-7)



a,=2X,+te+&

2k:AX; tan f3

=2k AX, +
o= T T R Csinh2k

2k AX; tan f3

oy =2K AX; —
PO 2k hy, + sinh 2k,

(3-5) (3-7)
2

B= (%j =a; [1 +R* +2Rcos(a, — ab)]

2
M _EMJ :a§[1+ R? +2Rcosal]
||
E _[77_“} = a§[1+ R? +2Rcos(a, + o )]
(3-11) (3-13) *

F-B+(B-—M)cosa; —(F-M)cosg,
(B=M)sina; +(F —M)sing,

o, =tan”" {

B—F

- 2a.[cos(a, — ) —cos(ay +a; )]

(3-5) (3-7)

ar=a R

3-3

(3-8)

(3-9)

(3-10)

(3-11)

(3-12)

(3-13)

(3-14)

(3-15)



tan =0 o a, o
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