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Variability of Sea Drag Coefficient and Toba Constant in the 3/2-Power
Law between Significant Wave Height and Wave Period
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Masataka YAMAGUCHI*, Hirokazu NONAKA * *and Yoshio HATADA * * *

Based on the results of Takagaki et al.(2012) augmented with Iwano et al.(2013) followed by other
results of the previous studies, this paper discusses variability of both the sea drag coefficient C; and the
Toba constant By in the 3/2-power law between significant wave height Hy and period Ti. Some of the
main conclusions are summarized below. (1) The Takagaki et al.(2012) results with respect to upper limits
of C4, wave statistics Efp3/g(E = HZ?/16:wave energy, fp:peak frequency and g:acceleration of gravity)
and roughness length z, in addition to a relation between z,-based dimensionless wave energy E and
peak frequency fp may be verified at a significant level by the comparison with some of the published
experiments and observations (PEOs) . (2) The Takagaki et al.(2012) study with Iwano et al.(2013) suggests
a weak dependence of the Toba constant on friction velocity u, less than 1.70 m/s and a strong
dependence on friction velocity u, greater than 1.70 m/s. But the PEOs for u,<1.70 m/s do not
necessarily support a tendency of weak dependency due to a significant scatter of the individual data. (3)
Mean of the PEOs-based Toba coefficient (B) samples is 0.062 which is coincident with the original value
of B;y=0.062 and standard deviation is 0.009, while variability ranges from 0.053 to 0.071. (4) The
Takagaki et al.(2012)-based analyses are conducted for N,=28,430 data samples of H;, T; and z m-
height wind speed U, extracted under the conditions of Ddeep water waves, @reasonable measurement
accuracy and (@ acceptable(quasi-) stationarity from about 870,000 data samples gathered at 17
measurement stations in local winds-dominated water areas. Total mean B,, of the Toba coefficient B is
0.0586, a little smaller than the original value of B; =0.062, in cases where station-separated mean varies
from 0.0463 to 0.0679 and mean B, of u,-segment-separated B data samples may happen to yield a
tendency of weak decrease with increase of segment-averaged u,, as indicated by the Takagaki etal.(2012)
results. (5) Estimate of the Toba coefficient B changes depending on a C; law to be applied in cases
where u, is calculated from measured U,. The mean value ranges from 0.0586 to 0.0625 when any of the

6 C,; formulae is used for the above-mentioned data samples.
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TCMEIE—TEME & 2 RtE %2 EBE RIS X, Powell 521130,y > 40 m/s TCAE— 7 iz & -
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B%, Toba EMBr DEENiEMm SN TEXZZ EIIHED 22\, Takagaki HPITH 2 b7z R &
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2. Takagaki 5¥E LU Iwano LM DETHERICE D CHEE

(1) BEERGRRCOHFHE

KRR EEDPILRBOYGE, @EzORGRU, T BHI TR SN D,

U,/u. = (1/x)log(z/z,) €Y)
ZZIZ, k(=04) : Karman E%, z,: HEE, Ths, £7o, 10m @ERELZU,,, BEEHEZu, &
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u? = CqUfy B2V EC; = (u,/Uyp)? )
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7o =y 2E*f g% = 6.9 x 10°E*ff g% < 0.363 cm (5)
oA E
E =vyf 3 E =E/Z, f, =f(z/9Y? ¥y 2=69%x10%, y=12x1073 (6)
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Cy = {r/log(10y2g*E"2£;0)Y %
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|0.4/10g{1.42 x 10—4(13];,3/g)_2}]2 : Uy < 33.6 m/s
2.55x 1073 ; Ujp =33.6m/s

Ca = ®)
Cq = 2.55x1073(Uyo = 33.6 m/s)IZKFIT DES /g (0 ERRAE) 1Z@)DH 1 =5 2L LT
Ef2/g =227%x107*; Uy = 33.6 m/s 9)

272 %, RO)ITH T 52D EFRAE 0.363 cm 1Z(9) Z X (G)ITIUA L TR 5415, Takagaki HBID3E
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Cy = (11)
| 2.55 x 1073 ; Upp = 33.6m/s
e T, Iwano HHNE (DI T 2EEIA L LT&RA (Iwano) ##EL TV 5D,
c, - [4.40 X 1074U;{? ; Uyo < 33.6 m/s 12)
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KA2)# 1 XoXADE 1 KUk 4 2R3 U, ) =32.5m/s [Z%F L C-0.05%, 17.5 m/s 2% LT
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DL BRI TT 5, 2NEWET 572012, Uy = 33.6 m/s TCy = 2.55 X 103D lHI5MAD
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1.46 X 107*/ud178~) OENREDY, BROuANDEFMENRLRLI R DD, £ OHEAREICZE I
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Table 113U KT DBEEDCRIC K DO —EH A2 52 5, HW (i Takagaki HBIZ L 53K
(11) (Taka2), Iwano 542 X % 3 (12) (Iwano) M 1E 7> WuleliZ X 5 (14) (Wu) & Mitsuyasu - Kusabal”l
12X 5 (15) (MK1) B8 XU (DO~ FF A (16) (MK2) (2H12 T, Iwano HMIZ X5 (12)DHF 1
KUK 2 IEX (IwanoC) TH D,

Table 1 Change of C; value with increase of 10 m height wind speed U;, for any of 6 C; laws.

Cy X 103
Uy (m/s)
Wu | MK1 | MK2 | Taka2 | Iwano | IwanoC
5 1.13 | 1.09 | 1.01 | 1.16 | 0.98 1.12
8 1.32 | 1.09 | 1.01 | 1.37 1.24 1.37
10 1.45 | 1.21 | 1.17 | 1.50 1.39 1.51
15 1.78 | 1.53 | 1.53 | 1.76 1.70 1.80
20 2.10 | 1.84 | 1.84 | 2.00 1.97 2.04
25 243 | 216 | 213 | 2.21 2.20 2.24
27.5 259 | 231 | 227 | 2.31 231 2.34
30 2.75 | 247 | 240 | 2.41 2.41 243
32.5 291 | 2.63 | 253 | 2,51 2.51 2.51
35 3.08 | 2.79 | 2.66 | 2.55 2.55 2.55
Cq = (0.8 +0.065U;,) X 1073 ; U;p > 1 m/s (14)
. = [(0.581 + 0.063U,;0) x 1073 ; U;o = 8~35m/s (15)
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Ujp=198u, ; u, =2 1.70 m/s 17)
—J, Uy <33.6 m/s IZBWVWTHKADDH 1 X THZ N5 CRUTxEBEEEZ G Ic/> T b0
T, FornfiiEeXa2)oF 1 i i,

Uso = {1/(4.40 x 10™)}%428 = (22.0u;%Hu, ; u, < 1.70 m/s (18)
BIFHID, w0 B U ~DOEBLRE Fu, O & & b I35,
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AT > TV D, T 2T, K - BRIOGR TR I N BEED L < O FEH - BLHFERD 9 b,
RS & L Cu,, 2o, Cyy fpr Hso TsHVE-Z HAL7Z Toba (1961, 1972), Masuda - Kusaba (1987),
Banner - Peirson (1998) (Z & 5 EERfE R (BEEHAN = 48) &, Kawai & (1977), Merzi - Graf (1985)
(X D BHBRIRE R (N =77) ZH\, Takagaki HBIOFERIZ T D Mat 21T 5, BB B3R
W SF (h/Ly > 0.5, Ly = 1.56T2) Z#IXIEWi=3, 7238, T Z CORIRSGI %A LT\ % Hamada
(1963), Kunishi (1963), Kunishi * Imasato (1966) (2 X 2 FEEEFIE, 1970 4ELLRTO UV EERIC
BUTLMEREDRA R LD, RINEEORR L R D58 E L5 L0, LR T,
& <IZ Kunishi - Imasato (1966) D& EHIIE 10 m = EE R JEHU, , T 80 m/s k2 2 &k & 2 73,
CaMUpp & & BITHFEMT 22588 %2 & 0, T OEREEA LW ENREIROBERTH D, £z,
Johnson & (1998) O#EIMIFEF I Takagaki 5B L 2 AR OERICHEH ST\ 5 728, REH L
L7, ORGSR, B - BUIEE R (N, = 125) DU OHRKRAEIE 25.5 m/s & CMEWMEIZ 2> 7,

Fig. 11%(a) Cu & Uy, (WESE/gE Uy, (©zo& Upo®BRE =T, FICIZZN T LIREE 5 2
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Fig. 1 (a) C4— Uy, relation, (b) Ef}/g — Uy, relation and (c) zy — Uy, relation based on

experiments and in-situ observations.



Fig.2 IZE (=E/2) & fy (= fo(20/ V) DBIR A T, Wi OBIRIT(6)IZ L » TURFAH L S h
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Hg, Ty, Upo&E AGMEE LCTHX DA, E=HE/16, f, =1/T,, T, =105T,& L CR(G)D Dzoy
2, (DD DU RO BND, Fig. 31%(a) 2o L) u x4 2 FHEME & E5 - BUHMEO k%
A, AT cal lTFHREZ R T, 2olCB L TEEHEIL 45° MO EDLVICKREITH2L, —H, u,
(ZBI L CRHEAE & FEBR - BUHME & ORINITBBIFTH D, £2, WTHICOWT H EBRFER TIX
FHREAE SRR LV K& < (w, Tl 10 %REED) , B R CIEEHRAE S BIAIMIE K v /h Sy (w, TIE 3%
FREE) Hiich 2, 77005, w x4 25 EMEITERE L BUAIEOSGIC LS HET 5,

LLED X ST, Cp Ef}/g, zoDUyolfE D BEIMEN & ERRfE, K(6)TRINDE &f, DBREL X
Ou, (SR % FH3E & F25k - BLRE O i B LT Takagaki SBIOZ 403 & 5 REMIES N L &
2%,
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Takagaki et al.(2012)
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Fig. 2 Relation between E (=E/z%) and f, (= f,(zo/9)"/?) based on experiments and in-situ

observations.
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Fig. 3 Comparisons between calculations and measurements for (a) z, and (b) u,



(3) Toba R DRES

E =HZ?/16, f,=1/T, T,=1.05T,¢ LT, R(10)D/EiD%

Ef _ U (gt 2(9_7‘s)‘3 () 19
g 16 U120 U10 Ts
ERBLIZOL, HIUOFO 2%HE & 3%/ HOHEZWFRNIEHT TR D,
2 —_
E_fp3= UlO gHS (g_TS) 3(u*) (20)
g 16 x 1.053 \ u? u, Ui
L7223 T, R (10), K(18), KR20O)NHKD 2 SOXDBFHENTHOLIND,
2
H AN U
(_g s ) (g 5) =6.75x 1076 x 16 x 1.05° (—1") = 1.25 x 10™* x 22.0u; %2 1)
us U, U,
H T. 3/2
gu_zs =524 x 102y %1 (%) s u, < 1.70m/s (22)

F72, u, = 1.70 m/sDHE,

H 1.70
g ~— = 4.97 x 1072 (—)
u U,

*

1/2 3/2

) ; u, = 1.70 (m/s) (23)

(gTs
U,

Thbd, ZiuEX), X117, X1 HREHIERAIZL D,
(gHs )2 (gTS>_3 227 x107* x 16 x 1.05

(u./U10) Uy
2(22) £ R(23) DL D(gT, /u)> 2 ORIOEDIZEL (Toba #2%5B) Idu, = 1.70 TB =4.97x 1072% &
v, —FHI 5, —J, Toballd 3/2 FHIIZTKXTHZ BN D,

gH;

2

*

K(22)B LOH(23) EXEEIFFEFE TH 523, (2525 2 HAKD Tobalbld 3/2 FHITIL Toba £%
HUIBr =0.062 £ EHTHHIZxF LT, Takagaki HB1& Iwano HMHMORITEES < H(22) &£ X(23) Tix
FiD Toba £a¥aBIFu, ORI/ %, ZHUIMRE D wNMETFT DU — w.BMR (€, o HICER
T 5, WHRIZ, CROBENEEDOEE, C;=10x103TIEB =0.0629, C;,=1.6x10"3TiXk
B =0.0591, C; =2.5x1073TI¥B =0.0500 # & %5, —J, X (22) (u, < 1.70 m/s) TiX Toba fR¥BI%
u, & & BRI T2 01cxk LT, RX(23) (u, = 1.70m/s) T LV T2, 372bb,
KQ2ITFFIVERRT, R (23)IF58RVVERL T Tobalslod 3/2 FHIAERANL Lawn 2 & 2K T,

Table 2 133 (22)F LU (23)I255< Toba $REBDE Z Fu, lZx L TENEHA(18)F LUV
ANC kDU, & & BITHE XD, K (22)D Toba fREBITu. & & HITWA L, u, =0.186m/s (F(18)7»
5U;p = 5.73m/s) T Toba E£%B; = 6.2 x 107212, u, = 1.70 m/s (U;, = 33.6 m/s) TB = 4.97 x 1072
W27 b, F£70,u, > 1.70 m/s D9 b, 7= & 213w, =3.00 m/s (K(17)7H U = 59.4 m/s) TB = 3.74 X
1072 & Toba B, = 6.2 X 10720 60 %A+ 5,

ZIT, EBNOEONEER/gEsET DL, X(20)K Y Toba REBOFEXNE LD,

Hg\ /9T /2 18.52268\ /2

(&) (&) === @9)

Fig. 413:X(22)I12351) 5 Toba f2#4B = 5.24 x 107 2u; %! (u, < 1.70 m/s) & Xi(23)I2551) 5B = 4.97 x
1072(1.70/u.)'/? (u, = 1.70 m/s) % i L 7= Toba FREB OGR4 Takagaki HBIOFEERE (Ef2/g
lu,) WXL TRRE)LVRDTEBOERMEE LI L=bDOTHY, (a) X Tidu, OBLRIME Z FEHh, w,
&SI K DB &, (b) ITIXES /g & Uy D FEBAEIZ R LT (5) L X(B), N@)ITLVRDTu,
D F N U o Z2 B, U &SI K DBUeq) M E LTS, 205D Tlu,, Uy, Eff/gD%
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=247 x107* x 1.70/u, (24)
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=6.2%x 1072 (&) =B, (g S) , B =6.2x1072 (25)
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Table 2 Change of Toba coefficient B based on both Takagaki et al.[3 equation and Iwano et al.[4]

equation with increase of friction velocity u,.

u, Uio eq.(22) u, Uio eq.(24)
(m/s) | (m/s) | Bx10% | (m/s) | (m/s) | B x 102
0.10 3.49 6.60 4.00 79.2 3.24
0.15 4.82 6.33 3.50 69.3 3.46
0.25 7.26 6.02 3.00 59.4 3.74
0.50 12.6 5.62 2.50 49.5 410
1.00 22.0 5.24 2.00 39.6 4,58
1.70 33.6 497 1.70 33.6 497
0.1 0.1
® Takagaki et al. (2012)(1)
0.08} ® Takagaki et al. (2012) - 0.08} * Takagaki et al. (2012)(2)
_0.06y \0\.0\.\ 4.97x 10°2(1.700u,)" | %0'06' * | 49rx10%1.701,)" ]
% I . Py / ) %* ”; * / P
.04} i .04t i
0.04 5.24x 1072u! 0.0 x5.24% 1072’ ¢ i
0.02} ——1.70m/s 0.02} - 1.70m/s
o 1 2 3 4 % 1 2 3 4
U*(m/s) Ux cal (m/s)
(a) (b)

Fig. 4 (a)Comparison between Toba coefficient B(u,)-u, relations based on both empirical

equation and experiments by Takagaki et al.l3], and (b) comparison between B(u,.q;)-U.cq relations

based on both empirical equation and experiments by Takagaki et al.Blin cases where u,., is

estimated by Takagaki et al.3] equation.
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BB D V-EIEB,, & HEHER 72 B, 35 KL OB D fie/IMi & % KAEILB,, + B; = 0.062 + 0.009, B,,;,, = 0.038,
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Fig. 5Relation between gH,/u? and gT,/u, based on experiments and in-situ observations.
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BBy & e PR Z KT, RART, B O FEIHE &R 7213 Begim * Beaio = 0.063 £ 0.008, /)
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Fig. 6 (a)Relation between Toba coefficient B and u, based on experiments and in-situ

observations, and (b)relation between B, and u,.,;, in cases where estimation of u,.,; is based

on Takagaki et al.[3] equation.



By + B, = 0.0624 + 0.0065, 1,055 < BAITI1EBgm + Beats = 0.0601 + 0.0047% & V), u,O%E
OEREE & bREWV, —F7, BB OYAI2IEB, £ B, = 0.0615 £ 0.0102, B.gm + Beais = 0.0642 +
0.0091% 5 2, YHEIZ OV TEUeq DB AT D REV, 4T Kawai etal.\Z X 2 BLHIE O S &
IZ, By + B, = 0.0630 % 0.0047, B,gm * Beato = 0.0667 + 0.0043% 5- 2 HHEIC L5 & Z AKX,

T 52, FEB - BUAMEO B EHIES < Y6, Toba RHMBO &M E (m, 0, min, max) |2
FAETu FHEDOBITIZ L A EH LV, FERIERME R, BIHEEME R & IR &R 4 5
b (53ED) T2 &, Fig.6(@) & b)22b b6 K 518, wiMliiEOEERLLBND, LL, £
DOFREEITHEV AETRWL, Fig.3(b) TH7- X 912, Takagaki b BlOw HEEEDKTE & & 52 L
FREENTWD Z LD, 3. NIV T Takagaki HBIOu HEEEITEHREE E X BN D,

Fig. 7 13gH,/u?,q & gTs/Ueeqy PRI L OB & B DBRZ R, () (2 LAUEFERR - BUHNE O 268,
I% Toba 2% B % 51\ Toba E#Br = 0.062L D Z< HT MIZKZ VB, = 0.063(0.0626) &5 3/2
FHIICE > Th<FRaEND, £720) TIX, BEBaPHEICBWTENRENE CH, LT, 2T
52806, O Fu, uPBFRERLEZFig. 3(b) LR CHEOEKE &2, 77205, BEBylE
U U EDPRRERIREICLLSHFAET D, Zhi(@) & Fig b DHREICHLEETH D,

Table 3 13526k - BIHIE K} (exp-obs) 1ZHES3< w22 T, Wulfl, Mitsuyasu + Kusabal”l, Takagaki
HBIF L Iwano HMNZ KD 6 FREHD Cu i UTHD < g &2 W T2 555 O Toba F2 5B o DHERHE D — T
Zond, bk L7z X 912, Takagaki HB10C,(8) (Takal) (235 < Toba 244 B.g D V-HMEB g & 12
YR 22 B oo 1X R - BLHIERL L VBT & TN ETNIZIE/FET D DR LT, D, TIHFEHMHE
Beaim> TERERZEB,qs & DI Takagaki ©1B1 (Taka2), Wul6l, Iwanol4, Mitsuyasu * Kusabal”l (MK1,
MK2) DNEIZKE L 720, Fhg - BUER LV EEPOEND, L7ehR->T, 6 FEOC, DT
I% Takagaki HBIDC,A(8) (Takal) AN LV EWEFZ L9, ZOZEnn, 3. IZBITLHHE
& EHZ &3 2 fi# 8T T, Takagaki HBIOC,(8) (Takal) OMHMN LV A HRiERE 5 25 & HEH
b,

DL E o BAfR % BEFE OBFSEECIR TA 5 &, Mitsuyasull I BEYR ST 5 g H, /u? 0 M6 R T v — 7 8 I 5K
u.fy/ g & FERGTIRIEIEER, (= gF /u) DRAR 2 KT H 2T 5,
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Fig. 7 (a)Relation between gH,/u?., and gTs/u,.q, in cases where u,., isused for u,, and

(b) relation between u,-based Toba coefficient B and u,.4-based Toba coefficient B,g.
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Table 3 Mean, standard deviation, minimum and maximum of either C,; law-based Toba coefficient

B.qi or measured u,-based Toba coefficient B(experiments and in-situ observations case).

Bcal

C, form.
Bcalm Bcala Bcalmin Bcalmax

Wu 0.0648 | 0.0102 | 0.0392 | 0.0840
MK1 0.0675 | 0.0106 | 0.0411 | 0.0878
MK2 0.0681 | 0.0108 | 0.0418 | 0.0886
Takal 0.0626 | 0.0080 | 0.0416 | 0.0777
Taka2 0.0645 | 0.0100 | 0.0388 | 0.0834
Iwano 0.0657 | 0.0103 | 0.0397 | 0.0856
exp-obs | 0.0619 | 0.0090 | 0.0380 | 0.0797

H
T = 524 x 1072050 @7)

9T
LENR->T, T, = 105T, & 4, &(27) & X @28)ix

3/2

T,
9Hs _ 564 x 10 20009 (975) 7L g L 16 x 10%~2 x 106 (29)
u? U,

*

= 1.00F0330 (28)

\Z72%, Z2°C, EOHFPHITICE BN ST2Uyof,/g DIRIUEIC 3T 2 58l I SV TRDIZF D
fE%Cys =16 X103 LCRICHE L THTWA, (29I KX, Toba fREBIZMEIK LK FEHER, ~
DT BVREIE &R L, FO9%%3F, = 10*T 1.086, F, = 10°T1.109, F, = 10°T1.132, F, = 107 C1.156
Z L5, T b, MitsuyasulltlDfE FIZ B TlE Toba fAEIIE & & HICETHINT 5, ZOBAF, =
3.70 x 10*C Toba E¥Br = 0.06212—% 3 %, £72, EOH KB u, O (FIZ—7E) 12X 5 é:a“mi‘,
R(29)B LUK (22)I281F D Toba FRE DML EEMNCEST D0, w2 —E &L LIZFOMEMIC
EDMOBGEIZI1TA(22)I1I2 & D Toba fREMNKEEBEA N T A —Z L LTEHEERWNWI LD, ﬁﬁf
xR d,

DNT, Ul LD FRAREHD &, £ Takagaki HBINZ K AR (10)EB LR HRA DB RKD 5
o,

gT 3/2
[1 12 x 10~ ( ) ; Ujp < 33.6 m/s
gH =| Ut 30
Ufo 33.6\"/2 /gT,\*/? (30)
l1.12 x 1072 ( ) ( ) . Uy = 33.6 m/s
U10 UlO

KBOYDHE 1 (Uyy < 33.6 m/s) TiL Toba tREB o 1L EF(=1.12 x 1072) % & 228, FH 2 (Uyy =
33.6 m/s) TIIU I <KFET 5,

I TEREFRRIC, BRI ONDEL/ gESET D &, FRER ) B Toba (REB, &K 5 1=
HORIFRAN LV SXD LS04 D,

gH, (gTS>'3/2_B _(18.5225)1/2 a1
U120 U10 - P10 — U10 ( )

Fig.8 |ZfF#k E IZ5 2 %5 Takagaki O BIOEEBRFE RN 15728, & X B0)IZHIT 5 Toba 1R
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Fig. 8 Comparison between Toba coefficient B;,-U;, relations based on both empirical equation and

experiments by Takagaki et al.l3l.

Bio(=112%x107% ; Uy <33.6m/s, =1.12x1072(33.6/U;x)"? ; Uy = 33.6 m/s) &tk L7=H DT
D, ERFERICE S ByDUWHE D ZBAEIANITU, <8m/s LLTF D 3 7 —AZERFIE, Bz X
S TEEBENTEY, BRFEEEU; o (= 33.6 m/s) &2 5 EHRIEHIK TBy 23Uy & & BT
DEEENH LN D, 1121, wFEROBEAICHRRZ X 91, BBROERICIEFE U EBRIEZ A
TWD DT, FEBE L RRADOFERNC RAFRMISITERDO Z & Th A L, FEREICRT 5%
BRADFRREOHY I ART O L HEZLNE I,

— 75, MitsuyasultiZ X % (29)128 T Mitsuyasu * Kusabal7lZ £ % U, o D% e C, X (16) % it H
T, AR/ HND
0.009
98 _ =0.771 x 10~ (lgjz ) U8 (‘Z—ﬁ)m ; 5_2 ~ 25~3,200 (32)

10 10

7272 L, XB2)DF = gF /UL T 2 A RIUEIZ S H BIDO U, f, /g DIRFUEIZ KT 2 7Lk (0.2~1.0)
LRI méﬁ(33)%7%%7 LTROTND, REBIZLIUE, UpgErmD Toba $RHB, o1 LXB0) D 1
X (U <33.6 m/s) IZBT D LI REETRL, FLUOMEIIKTFT 5,

Table 4 13 (32)! %/x Toba F&HB,o(x 102) % Uy L FOFMAE DI L TEZ D, 2D
A, BioldUp E FOBENNT® LT 30 fEDEMNZ 7R3, LirL, RQER7DDOFHE 0.504 /05 1/2
~, @)D F#% 0330 15 1/3 LI L7=DH, C;=1.60x1073L LTRD BT 2 2D

O 8)

gs

H _
= =210 x 1073F1/2, = 0.326F1/3 (33)
U10 10
ZHVIE, RADXBELRD,
H TN/ gF
9 =113 %102 (b) . I~ 25~3,200 (34)
Ufo Uio Ufo

KX(BHIZHT 5 Toba 1@&310&;@%5*1 113X 1072 & 0, HIERF L U lTIKAE L7220, Zhidie L A,
FLU ~DEEZRETDZ0ICRQDERQICBIT HIRNFHELE L TWDHZ EICkD, £,
Z OfElE Takagaki & BT H:-5 < FH(30) 5 1 ﬁ@qﬂ(?)%éﬁuiz x 10722 IZaTV

X512, SMBIETHW S ILSD WilsonPlD IV
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Table 4 Change of Toba coefficient B;, X 10? based on both Mitsuyasul'!l equation and Mitsu-

yasu *+ Kusabal’l €, law with increase of either wind velocity U;, or dimensionless fetch F.

. Uyp (m/s)

10 15 20 25 30 | 33.6| 35
10 | 1.13]1.21 126|131 | 135|137 | 1.38
102 | 1.16 | 1.23 | 1.29 | 1.34 | 1.38 | 1.40 | 1.41
10% | 1.18 | 1.26 | 1.32 | 1.36 | 1.40 | 1.43 | 1.44
10* | 1.21 | 1.28 | 1.34 | 1.39 | 1.43 | 1.46 | 1.47

gHs / gTs /
i =0.30{1— (1+0004F/2)"°}, U =8.61{1— (1+0.008F/3)"°} (35)
IRV CHlH#EIPA A F (= gF /U%) < 103~10* CE58) L35 &, SEDEEAN KD D,
gHs gT\** . gF
=119 x 10" . S <10°~10° 36
UlO (Ul()) UlO ( )

7z72L, AEBSDOHEIP ((33) THREEZ ZN 21240 X 1073, 0344 IZE X2 H D) OFAGEITF &
EHICHE K (F=102T60%& 11.3%, F=103T193%& 251%) 9574, WEANLELND
K (BO)DIRAEITHAIRICLVF =1073~10°12%f L TIRKT-16.9 % (F =102T-9.7 %, F=10%T-
14.7 %, F=10*T-169 %) Th D, FEEIC, WilsonPIDOIVAIX(35)% AWV CTHIEFHEICEIVF =
1073 ~10° DHPH T 7= gH, /U%) & gTs /Uy o DEFHELZ 3/2 I Z H I T-5A,

3/2

H, T, i
9% —126x 10" (Zm) F=10"3~10° 37)

U10

DD, (B7) ORBITESR - BLAMED © 15 S 7z Toba fREB, D FHME L 1XIE T 5, 7235,
#BHo Fig 11 (R T k51, X@EDALOBEEITFH Y325 EEHMEIF1.19 x 1072~1.43 X 102D 1H
b, Fig 91358 - BLHIEE L V157 Toba $-%5B,o & Ujq @ BAMRZ R, RITIEZE DO FEIEB, o =
1.27 x 107243 X 0¥ Takagaki 5 BNZHE-5 < K(B0)5HE 1 o OFf%%1.12 x 1072 % Z 1 1l & O AT
MELTHZS, FEMEDOIE DL DX IINR D RE WA, ZOFEIfEIT Takagaki HBIZHE-S < Hi(30)

0.02
0.016f é)o % B10n=0.01271
o
ﬂ B A ‘ T
0.012F %‘% 1
B,,=0.0112
0.008k <§oo (Takagaki et al., 2012) |
I ' Masuda - Kusaba = |
1O Toba 3
0.004f { A Banner * Peirson |
{0 Kawai et al.
I . O Merzi - Graf | |
O 1 1 1 1 1
0 10 U,, (m/s) 20 30

Fig. 9 Relation between Toba coefficient B;, and U,, based on experiments and in-situ

observations.
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Fig. 10 13525% - BIHME R L O WilsonPIDO VAL (35) 1255 < gH /U, & gT, /U DBRE L Oz
PORIEI TR S (ﬁ'ﬁxﬁﬁzf&h [EFtR%EL T 724> 5 Toba £R%XB, o X AITHE T1.27 x 1072, %% T1.26 x 1072)
ZRL, WTNOEEHE S IZFEYREMR T TEIEN 5, 72720, WilsonPDIVRIFA(35)IZ L5 &
BHEILgT, /U1075§/J\éb‘%é\é:jté° WA, ERERERERE VAT TR IO AT 2 v b
ENnb, wiEOBERIF(B6)ITH T H%%1.19 x 1023 XNEBHIZEHIT 548881.26 X 1072 L D /NS
B TWD, 228, EB - BHEE L THEXONUFu, L CBROENTUpem & — T D,

Fig. 11 1Z Wilson®I D IVAI (35) & ¥ 1372 (gH,/UZ)(gTs/Uso) /28 5 WITB I DES /gUy g & F =
gF /U DR Z R, (gHs/U%)(gTs/Uo)~3/? (=Toba $2%(B,,) 1ZF » 0& F — coD iR Tl /M
119 X 1022 L, F=10*CIZEHRAMI43 X 10722 L %, T72bb, 143%x1072/1.19%x 1072 =

10— .
Masuda - Kusaba |
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{ A Banner - Peirson ' ,x"
107" Kawai et al. §
~g [ O Merzi- Graf |
Qm . e Wilson | .9'
L s
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g.
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.
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Fig. 10 Relation between gH,/U?, and gT,/U,, based on either experiments and in-situ

observations or Wilsonl°! type-IV equation.
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Fig. 11 Relation between (gH,/U?)(gTs/Uso)~%/? and gF/U?, and relation between Ef;}/gUso
and gF/U%, (Wilsonl type-IV equation).
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LU~ DIEAFER A B D, 725 MitsuyasulllZ £ 5 H(27) & X (28)1 5

Ef}

Ju =1.72%x 107*F%%18 . F ~ 1.6 x 10*~2.0 x 10° (42)
& 721, Mitsuyasu + Kusabal/llZ & 5 Uy, < FFRC, X(16) %23 A+ E, @225

Ef; . _

—P_ =322 x 1076F0018y0315 . |~ 25~3,200 (43)

9gUy,
NE5N 5, F£72, Takagaki HBIORK(41) & XA8)B LKA D

1.49 x 107
Efp3 T cu, < 1.70 m/s

gu. | (170 (44)
1335 x 10 ( ) s u, > 1.70 m/s

*

PRDHND, Ef}/gu,iT MitsuyasulllD R (42) TIZEA~D Z < 59V MEAEME, Takagaki HBIOH(44) T
Fu, ~DFWRFNE (u, <1.70m/s) &BWEKFENE (u, 2 1.70m/s) Z7R7T., —75, Ef)/gUsl
Mitsuyasull1D = (27) & #;(28) % Mitsuyasu * KusabalZlD R (16)I12 L V) Uy g Frmic B #a L 7= (43) TIXF
SOFJMKTNE L Ujg~ DB BRI E 5 25,

F 72 WilsonPIDIVHA(35) TF - 0(F R +H312/hSW), F > o FER+ZICREV)DHE, ZhTh

Efy

9Uso
(272 %, Lin LEORME(= 0~0) TiE, Ef)/gUsold Fig 1TIZR L7z X 912, 7.62 x 10767 & HighH
RKLUTEF=10*TIFIERAMLILX 1075% L 572D 5, FH7.62 x 107012 A THEMBEA+ 5, ZEE
BIMED S TR 45 % Td Do EfE/gUsolE(gHs /UL) (9T /Uso) 32D 2 FITHE T 5 Z &b, £
DIEENX(gH, /UZ) (gTs/Uro) "3/ 212%F 9 % Toba 42 5KB, o D& DI 2 FfiFlT/2 > T 5,

4512, X@2)~KXUH)BLO Fig. 11 12A4 5 L 512, RATEERNCK T 2% E TR <,
Mitsuyasull1{Z 53 < & (42) & 2 (43)=° WilsonPID VAR (35) 12 H-3< Fig 11 T, #EL 9 H5EH
DUNIUL EFH D WIFFIZH LT+ %D A E), Takagaki 5BNZEES < K(44)DHE 1 X Tldu, 0L H)
W LT 2 ERREDOEHZMES 2L bHV1GD, ZHEEIL Takagaki HBIOHUTE S IHHITRE L,

=762%x107°%;F—>0, F-> o (45)
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3. L - NBIZH T HEBEMIZED < Toba HEDIRES

M REM LB AE

R 21 EE & IR OBHEENE, a)RATEIC & - THEE LR 2 LEH TH 5N - N
OB TH O N BHE R (a-case), L)L « NIEIIR & ANED D OBEFEIRIRDB LG T 5
W COBPERL (b-case) 72H72 5, Z 2 TIXAIHE a)& &R, $%&E b)ZEERE LTS, A
Q) OB T B S CIT U, TIEBINEE, OB ety 55 2tE, grEs i i<
D7 A D, BATELUALOTEEREZZEEE (MT) &, GHEEEm s GosEd 27808y — " —2
O _EJR A, W PN CIE TR O KBGE 2 5 MT /, KBk 2 #ial, =, V8RR o & B
EEVESROXTH, BRSO RS TH D, Mx T, S/ () (2B 28NS LT, &y #ibie
HMABEIRIF X ETAYBEREICETZND 5 KD 1 >THS Erie #HIcBIT 2 3K0T A2 &
Ltk b HW D, BUE RO HIRNIELER 7 HLHA T 1 FH, 7R THR 1 2 A (F) &R,
ZD, LT A HEICBT BRI E b T, Table 51 17 BIHL S O T (S
&, ERHIIRE, %l DA AT 2 LGB O BN, R - B EEEz m, W E R R E KR m,
h/Ly = 0.5, Lo = 156T2 & U 7= G207 T IRAEAMT,) o— %% 525,

— 7, D) NI « NS A IR & ANEED & OPE IR A AT 3 2 I O BRI b S BE YD U TR,
WS NYE CIIACOKGE N OB, B, IMAE R X OB KB AL 0O 1 RS S T B
B H RO EITZENENSE LRI 5.2 H b,

Table 5 Alist of name, data period, number of selected data sample, anemometer height and water

depth of gauges meter at each of measurement stations.

meas. station period N zm | s m | Tge S
Tokyo to-hyo 1983-2005 3,100 24 15 4.4
Chiba obs. tower 1994-2002 459 22 10 3.6
Tokyo wan-ou 1990-1996 2,884 | 10 27 5.9
Daini-kaiho 1991-2004 1,296 29 17 4.7
Ise Buoy D 1997-2000 621 5 35 6.7
Suzuka (MT) st. 2000-2003 568 | 19 8| 32
Ise wan-ou 2002-2003 125 32 27 5.9
Osaka MT st. 1978-2005 | 10,216 17 21 5.2
Osaka (1) 1981-1988 330| 13| 11| 38
Osaka (2) 1993-2005 | 2451 | 13| 13| 4.1
Kobe 1983-2005 1,225 14 17 4.7
Kanda 1991-2005 531 11 9 3.4
Oita 1987-2005 4,585 16 14 4.2
Kasumi-koshin 1991 26 8 5.8 2.7
Lake Erie B45005 2000.10-11 8 5 15 4.4
Lake Erie B45132 2000.10-11 26 5 22 53
Lake Erie B45142 2000.10-11 5 5 27 5.9

Total of N, = 28,456
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WA - NIEIZ 31T I IRBIITE RN 2 5 B b K& 7L, MRRIOMIATIC X% ship waves DIFLE
Z i TR R RO E 36 K OVE I OIS E DR TH 0, & A O BIRNRS L 1 3ARE & RE o A
2B PTHHELL EOR IS BRI IS N D 7 —2A RN b e, 2078, FEB X OEH OB
ERHORE 2 OFIFISRMELZRE L TR - BHBIEROBIRZIT S, I Hig, B - JBEF AR E S
TV DS DR B % 52\ B A S CIE, M LR E EICRE SN TV A ELORMEEE T 508,
I TR oOREL BN L THEZED 2,

RS 2BLHEENTME EREz m TO 10 o FEEEEEU, & EI6,, 35 K OV I @ H, & A 2 8
T, CTH Y, BEEHREY, OEEHIRG STV, 22T, u.B LU, OFHlid 7= 912, Takagaki
BBIOHEZEE 1LICHWD, T7bb, T,=105T(f, =1/T,) & LT, HET,ZXG)ITHZ Tz 3k
Wiob, X)iZz, zy, U252 CuzitH L, FEXIZz=10m, z,, .52 CU, &% 5.
F72, 10m & EREU, OB T IN=C, T, R@ICBIT DU L U,0Bf%E FAVCU, 75U,
Z, CahbuzRDDH, BHMHE (obs) EFEME (cal) 2T CTXHIL TRT &,

gHsobs _ (gTsobs)3/2 gHsobs _ (gTsobs)3/2
uz — Dcal ’ ST

(46)

2 — P10cal
xcal UlOcal UlOcal

(2 &> T, Toba tR¥B. B Z OBroeay (AT, ~ cal’ 24M) 25EEZ L1255, B BLUB &k
[ZONWT 2. & RBEICEIE &R (B, + By, Biom T Bios) B EOE/ME Bpins Biomin) & 5%
KAE (Baxs Biomax) %KD,

FENTIZAE R - 2 BLE B ORI & 7 o T, FERIZ I T DUy, Hy, Ty & RN — UTIBT D U4,
Hgi_q, Tgoa DGR 2 N TOWUy; + Uygim1)/2 > 5 m/s, @QHg; = 0.4 m, @Ty; >3 s, DT,; < 10,/Hy;,
®|(Ug; = Usi—1)/Ugi] < 0.1, ©|6yy; — Oyi—q| < 22.5°, D|(Hg; — Hgi—1)/Hgil < 0.1, ®|(T; — Ti-1)/Tsi| <
0.1, OTy; < T MAIRFICAER T 250, &8 Ui, WZli & i — 1O RER ZE T BIREFEEI R O 1 R & 72
V%2 RIS S %, SUOIXFHENL EoRGESM:, @, @), @IXBLAEE 2~ B & L7856 0N -
W AR IR O SN, ©, ©, @, @A & FIRICET 2 EEEOSM, ©Oh/Ly > 0.5 (Ly = 1.56T2)
DR RIFICENENRIGT D, 72720, B W OHLSIZ 31T 2 BEREIR TITEIR OB & 15
RS A ER LT, @H; 203 m, OT; =225scTHE L0, @, ODFKMEEFLI 20,

TSRV D 10 m & JRGEU, o 1L Cu UK L 72 WM & 3572, U exid 5 1/7 FeHl o
WS, o, OTHWDEBITEROREEEZ BB L Ti— 1&i0 2 RIS 2 B O FHE & 5
5o 2 BN T B IEEOMH &9 E 2 51T gH /u?egT, /u, DFHHC BT 5u >V T HE LT
HY, uyEuy DOFBEEu, & LTHWE, 728, Uy >33.6 m/s & & HBHIEEHI &S 2@ U T
FIFEETH D DT, BHEEZFVW-U,, > 33.6 m/s DA B (Z35 1) 5 Takagaki 531X Iwano
SN X 2 XOBFHIITZ 20,

Uscal

Q) FERDEER

Fig. 12 X )N - NI IR 7 — A & b)AMNER IR IEAF 7 — R 12D T gHgpps /uleq (= HD) &
ITsons/Uscar (= T DBRE EROHRIGM 2 S 2B EHZ YW TR (2 Elog,o(H?),
logyo(Ts) & RLd) T/RT, KIZIZ Tobalblod 3/2 FHIDOKQEIZ L HEME G X %, LU TIXHT obs’
Craal BT 5, MIZE D E, WTIhor—2THLERMIIZENZE TN, =886,389 fE & 437,050
LR TH D, gHg/u? L gT/u T A ECHEBITEWERERIZH 2203, 3/2 FANZED < EJHEZL
DEBGEMEDIE L S ENKRE VD 21, FEEMED 2B S & < I b)SMER RILE S — 2 Tl
3/2 KV RE W, MR BRI UADRKS, T-E ZIERER ORI OHEAERL IR R EORYREEN
DWIROGEIZAEMEN 21 2LV 95 Z ENERM I TS (Ebuchi etal.ls]),

Fig. 13 1Z LR O~Q@ Dl 5 23 L1258 O gH /u? L gT /u, DBfR % a), b)ZTNnZhor—
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6 7
5 i
a—_case b—case
| Ni=886,369 Toba | St N=437,050
o a2 £ Toba
~ | Takat 1062 o4 Taka H, =0.00277°** 1
- < aKa s s
e 2
g g3
2.
2.
nl H: :gHS/Ui 1+ H: =gHS/Ui
Te=gT,/u, Ts=gTs/us
v - S S W
logyo(Ts ) logyo(Ts )
(a) (b)

Fig. 12 Relation between gHg,ps/u?., and gTs.ps/Uscq based on in-situ observations for

(a) local wind waves case and for (b)local wind waves and swells co-existing case.

5 . 5
Toba H:=0.062T%?
s N Toba H:=0.062T %
4 a—case al |
N=28,456
b—case
Taka1 = \
*;:, 3 H:=0.0586T; ** 1 *;2 3 Ni=10,866 - v ]
\5 \é Taka 1 X Hs =0. 0456Ts
8 ot 8 ot
ki N g HE =gH
Te=gT/u, Te=gT /u,
% 1 2 3 4 5 % 1 2 3 4 5
logyo(Ts ) logyo(Ts )
(a) (b)

Fig. 13 Relation between gH./u? and gT,/u, based on in-situ observations satisfying selection

conditions for (a)local wind waves case and for (b)local wind waves and swells co-existing case.

ZNZHOWTaRT, KFIZIIRE DR 5 3/2 RANCKE S EREZ 525, WTIhor—ATHLEEER
EDGT, /u, 3 X OgH, /u?\Z BT D IFERFHAN D2 0 i/ T 5 5 212, 3/2 FAIZXTEMREDY O
BERHMEDOIXHSE /NS <20, KEEHER OBILRIL 3/2 RHITEBICR SN D, a)DWNIE - Nl
W iR 77— ATt Toba $R%B D F¥MEILB,, = 0.0586C Toba E4XB; = 0.062 L V) /NS WEE TH

D, 2O0BEMOXINIHEVIZ-> X0 LRV, b)DAERRIEIF 7 — 2 TlX Toba £ 5B O E I
B,, = 0.0456 T Toba [E#B; = 0.0627D 74 %FEEIZ72 > TWDH DT, WEMMODAEN B LD, SERIE L

W - WHER IR AF T 2ARME T, gH /u? & gT/u X 3/2 FRNIZIENE S DD, Toba f2#BIE
Toba FEBr = 0.062 X 0 2272 0 /N, ZAVUISMERIRN 5020 & LTRSS TWAHD0E Lty
PIF I, 1B1Z2BR\NTELEE a)NE - WIBRIR, — AZRET 5,

Fig 14 X S22 L&k (N, = 28,456) 705 Takagaki HBIOZIZ IS TR b 7= Toba 1%
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B L BESESu, ORE RT, FEEHMEDBIZ 0.02~0.09 O CTEHEFEICSOAAT 5D, w0z
NTEBOBNEDT L L L b, TIPS 25,
Table 6 IX&E AN X U Toba £%4KB O EMEB,, & FEHER 2B, f/IMEBm, BANMEB 0% 17 Hi

0.1
0.08} -
0.06} -
[say i
0.04} -
L c a—case B
R N=28,456
0.02 Takat |
O 1 1 1 1 1 | 1
0 02 04 06 08 1 12 14

Uy (m/s)
Fig. 14 Relation between Toba coefficient B and u, based on in-situ observations satisfying

selection conditions (local wind waves case).

Table 6 Mean, standard deviation, minimum and maximum of site-dependent Toba coefficient B and

those of site-dependent Toba coefficient By, (local wind waves case).

B Bio
meas. station N

B B, Bmin | Bmax | Biom Bios | Biomin | Biomax
Tokyo to-hyo 3,100 | 0.0517 | 0.0049 | 0.0337 | 0.0760 | 0.0101 | 0.0012 | 0.0059 | 0.0156
Chiba obs. tower 459 | 0.0644 | 0.0058 | 0.0527 | 0.0884 | 0.0130 | 0.0013 | 0.0099 | 0.0183
Tokyo wan-ou 2,884 | 0.0679 | 0.0067 | 0.0382 | 0.1029 | 0.0139 | 0.0018 | 0.0073 | 0.0246
Daini-kaiho 1,296 | 0.0488 | 0.0063 | 0.0321 | 0.0788 | 0.0092 | 0.0014 | 0.0057 | 0.0166
Ise Buoy D 621 | 0.0583 | 0.0100 | 0.0216 | 0.0863 | 0.0117 | 0.0025 | 0.0035 | 0.0183
Suzuka (MT) st. 568 | 0.0463 | 0.0054 | 0.0341 | 0.0612 | 0.0087 | 0.0012 | 0.0062 | 0.0121
Ise wan-ou 125 ] 0.0529 | 0.0063 | 0.0348 | 0.0662 | 0.0103 | 0.0016 | 0.0060 | 0.0141
Osaka MT st. 10,216 | 0.0620 | 0.0068 | 0.0290 | 0.0898 | 0.0124 | 0.0017 | 0.0048 | 0.0182
Osaka (1) 330 | 0.0598 | 0.0070 | 0.0365 | 0.0753 | 0.0117 | 0.0017 | 0.0065 | 0.0161
Osaka (2) 2,451 | 0.0657 | 0.0074 | 0.0309 | 0.0896 | 0.0131 | 0.0018 | 0.0054 | 0.0183
Kobe 1,225 | 0.0513 | 0.0086 | 0.0245 | 0.0959 | 0.0097 | 0.0020 | 0.0041 | 0.0201
Kanda 531 | 0.0568 | 0.0052 | 0.0378 | 0.0716 | 0.0110 | 0.0012 | 0.0069 | 0.0149
Oita 4,585 | 0.0519 | 0.0079 | 0.0295 | 0.0802 | 0.0100 | 0.0018 | 0.0050 | 0.0161
Kasumi-koshin 26 | 0.0570 | 0.0070 | 0.0450 | 0.0727 | 0.0115 | 0.0018 | 0.0086 | 0.0158
Lake Erie B45005 8 | 0.0595 | 0.0071 | 0.0514 | 0.0703 | 0.0114 | 0.0014 | 0.0100 | 0.0138
Lake Erie B45132 26 | 0.0519 | 0.0048 | 0.0452 | 0.0610 | 0.0101 | 0.0010 | 0.0087 | 0.0122
Lake Erie B45142 51 0.0528 | 0.0051 | 0.0438 | 0.0596 | 0.0105 | 0.0013 | 0.0080 | 0.0122
all stations N, =28,456 | 0.0586 | 0.0094 | 0.0216 | 0.1029 | 0.0116 | 0.0022 | 0.0035 | 0.0246
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HANCE 2, BEATICRBERNZOWTOEA =T, £72, AFoOMIIEE Ti~<2% 10 m & & EH
UioZ AW T8 ORBEOR G B2 BHET 5, 2B, 2o O 2 o@EE NI RSV TW D3,
FHIZLIZATHZIIFE R B0, 2 LA, TobafREBIFXFEEIEIZ OV T $ 0.0463~0.0679
OFFAIC AL, MR D &Y OFEZ RS, FEE2S 0.050 2L FOHEEIE 2, 0.050~0.055 D
H1 5 850% 6, 0.055~0.060 D HEHIE 5, 0.060~0.065 DHLLEEIT 2, 0.065~0.070 DHLEEIL 2 T
HY, 0060 LLFOHMSA 17 #1505 HT 13 A L5 3/4 2505, Lizhio> T, &EOFEHIE
B,, =0.0586 |X Toba E#XB; =0.062 L VW /WX 72508, FHMED 0.062 LL L% & 5 KK MT &, B
g, KRIR@EIWCETHERE (N =10,216, 2,884, 2,451) NEEEHL (N, = 28,456) DI 55 %
EMRVZNDT, BIROVHE (B, =0.0586) 111 S TALNHIAFEHEL Y K& 2>TW
%

ZOEDIZ, BT D EROH SR B ORHEEEZ [F— I L2 b 220 &7 Toba £25B
O FLEER BT Z LI D L S FEES, BIE - AT 4072 & ORI OHIEIZ L 2 b D
Dy, FRETHIZRZEENZ L2 b OMNEH L TRV, 7238, %R D 16E L O%EE S 7L KIK MT /O B3]
EEA W TB = 0.067%2 13T %038, A EIOFE R Tl Toba £23B O F-¥IfEB,, 1% 0.0620 = £ 5, Zi
A B O M RCEBHMH GO 2 T, %il3 2 X 5 1w, ORI VW72 C, RO FHEIC
KB EZABRE,

Fig. 15 1XgH,/u? & gT,/u, DR % T AITHE (B, = 0.0517) & KB MT /& (B,, = 0.0620) (Z2W\ T
R, 2 DOBMIH A TIE Toba £2 5D EHMEB,, N B 508, EEHMED 3/2 FHIZRTEBREET DO O
ESoEE, WA E L LG EMEEZEH Lz Fig. 13@ICB T 2162 Lk TENTH
DOHIRTIED T/ S0,

Fig. 16 [ X1 BIZ15 72 Toba £2#(B D V-EEHIEENRZE (B, + Byy) & HURER)EEGE Fu, o, & "
0, FHE (O, A, xH) OHZ7e b TEERZE CEYEEZRLET DL ETOMR) 250 TAHTYH,
MEOMICH F 0 RHAZRBEBITAE SR,

Fig 17 13 2&EHT DWW BB Fu, 2 0.1m/s £ ¥ 0.1m/s O X[ Z &R D 72 E¥MEw,,, & E DI
BT 5 & kD Toba (RE D FEX)EHEHERZ (B, + B,) 35 & Of Takagaki 5 BIORUZFS N TH7Z
(22)I12 & % Toba #2% (B =524 x 107 2u;% ; u, < 1.70 m/s) %525, KPFIZI3/NXEBIE BN,
BT, Uy < 0.65 m/s TIENITHERME & DD, Uy >0.8 m/s TIL 100 L F D70, &

5 . 5 .
Toba H:=0.062T)%* Toba H:=0.062T.%*
4 L
a—case a—case
Tokyo to—hyo Osaka MT st. \
% o3 / Hi=00517T; %1 5353 H;=0.0620T %
T N=3,100 T N=10,216
8 2} Takat &2t Takat
i Hy =gH /% r H: =gH 1
Te=gT /u, Te=gT /Uy
% 1 2 3 4 5 % 1 2 3 4 5
l0g1o(Ts ) log1o(Ts )

Fig. 15Relation between gH./u? and gT,/u, based on in-situ observations satisfying selection

conditions at either Tokyo to-hyo or Osaka Mt station (local wind waves case).
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+ - % A QOita T
CDEO.047 Kasumi |
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Fig. 16 Relation between mean and standard deviation By, *+ By, of Toba coefficient B based on

site-dependent in-situ observations satisfying selection conditions and site-mean friction velocity

U,sm (local wind waves case).

0.1
revet a—case
o B=0.062
9341 3215 —l. |
., 0.06F |
+IE - 6,437 6809 1,224 338 88 36 |

D004}  n=oss
B=5.24x 107%u*’
0.02}
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Fig. 17 Relation between mean and standard deviation B,, + B, of Toba coefficient B based on u,
segment-separated in-situ observations satisfying selection conditions and segment-mean friction

velocity u.,, (local wind waves case).

BHEIZHE S AR CTIXEAMEB U & & BICETHMLIZOL, TERLNITHAT L L 9ICHZ
%, Takagaki HBIOH(22)I25-3< Toba f2#Biu, & & HLITFESIZHA L, umBd DHRELL T
WEE AR T &2, MxHEAR/hE 0,

DU IR FEw, D 5 V12 10 m & PR U, o & I TREFT L 72 R 2 k) %, Fig. 18 (3t &
%0l 7= L= 28 BHZ DU T Toba #2%54B, o & 10 m Bk, , & DR E 5 2 5, #IKSEMED 191
HAIREEU,, =5 m/s ZHWTWAEDT, Uy <5 m/s OEBHITFLE L7V, By DEEHEIL 0.004~
0.02 DJAWEFHIZ AT D, UpgDEME & HIZHAAENHME/IN L, By =~ 0.01FFTI24EE D,

Table 6 DA LAiE, Toba F2%¥B, o b FIIEB, g 22V T 0.0087~0.0139 (2537 L, u, D&
& RBRICHL S CAH B 2R ME A 5 2 5, Biom® 0.001 XFEBIHLEHEIE 0.010~0.011 T7 LxbHE W
L, iOFXET2H50ME3 D720, UL, ByDEMA FMEB, oy =0.0116 %525 D3 E
ELTaERHE (N =28456) @ 1/3 58 (N =10,216) % 55 KB MT RIZET 5By D %5
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Fig. 18 Relation between Toba coefficient B;, and U;, based on in-situ observations satisfying

selection conditions (local wind waves case).
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Fig. 19 Relation between mean and standard deviation Bjgs, + Bioss Of Toba coefficient By,
based on site-dependent in-situ observations satisfying selection conditions and site-mean 10 m

height wind velocity U, (s (local wind waves case).

(Byom =0.0124) BHEICHL 20 TH 5,

Fig. 19 135321572 Toba R4 B, o D B HEHER A (Bigsm £ Brosoe) 3£ TN 10 m &8 FGE D
FIEU, gem 2T HUSICH T 25 51 Fig. 16 12813 5D LE L Th 5, Toba FREB, osm % U10sm
DREWVHET/HNIWVEAZ 5 272 < B 7200, Upgem < 11 m/s TIIHUEM TR EWEE Z £V, R
TR 7 A 2 R LR,

Fig.20 (X 5m/s £V 1m/s XH TRD 72U DU, gy d6 KON U T 5 X[RIZ BT 5 Toba
TRHE By DB HAEWENR 2 (Brom £ Brog) E/NXRIBIERHENE 5 2 %, [XIHIZ (T Takagaki HBIZFE
S X (BO)DEREB,, = 1.12 x 1072 (Uyy < 33.6 m/s) ZFTxili & OFATH G T, /INXEHIE B
NI% 487~4,409 L 59 10 {55872 508, I/METH 487 THDHMNE, D L L EHEOBEHICH LT

BIRMEL S 2 X9, Byo®DFHIMEB, g 13 0.011~0.012 DFEFHIZH D, Ujgm & & HIZ 8m/s XHE T
L CHLE 0012 55% & o 7D b, BN T 5, ZAUIXKEu,, THEHEL7ZFig. 17 L[
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Fig. 20 Relation between mean and standard deviation By, * By, of Toba coefficient B;, based

on U;, segment-separated in-situ observations satisfying selection conditions and segment-mean 10

m height wind velocity U;q,, (local wind waves case).

U Td 573, Takagaki HBIO(30)I12351F 5 Toba £%4% (Byy = 1.12 X 107200 —Efl) D 2EHE) &I
HLRNL, BIEOFEEETAHATSE 0.004 F2E/NZ VN, F72, Fig 20 (12351 % By Mitsuyasullll &
Mitsuyasu * Kusabal7llZ 23 < i 5 & 0 1572 2(32)1281F % Toba £2%4B,, (REUIFDI72 5T U, & &
HITRESCONTEEIN) LW OXE A LY, WE OB EEA LRV,

Table 7 {% Wul6l, Mitsuyasu * Kusabal”l, Takagaki © 3133 XX O Iwano HENZ L5 6 2D C,%E N -
WNHEDO B BN @ L7235 81257 Toba #25BE L UB, D&M E (RTIXFHHEm, AR
o, B/IME min &HEKRE max) O—EE7T, Toba BREBIXEHTHC, NI LICEDD, I TH
UL, Takagaki 5131 (Takal) |Z 4 % B, =0.0586 %> Mitsuyasu * KusabalZl®O <A C, 2 (MK2) (Z
X 5B, =0.0625 O (134 0.004) TZEH VY, Mitsuyasu * Kusabal7liZ L. % MK1 & MK2 % Toba
EHBr = 0.062 & HRET 2 Hik T+ 5B, =0.0620 & 0.0625 % 5-% %, N2, MT J& Tl& MK1
\Z & % Toba £&%%IEB =0.0663 ToH HH 0, MK1 % HW\ 7%k 5 LL#K ik S 071 K 5B =0.067 120
720 I,

Table 7 Mean, standard deviation, minimum and maximum of C; law-dependent Toba coefficient

B and those of C; law-dependent Toba coefficient B;, (local wind waves case).

Cy form.

Bm BO‘ Bmin Bmax BlOm BlOO‘ BlOmin BlOmax
Wu 0.0596 | 0.0116 | 0.0181 | 0.1225 ]| 0.0116 | 0.0022 | 0.0034 | 0.0243
MK1 0.0620 | 0.0121 | 0.0189 | 0.1274 | 0.0116 | 0.0022 | 0.0034 | 0.0242
MK2 0.0625 | 0.0123 | 0.0193 | 0.1279 | 0.0116 | 0.0022 | 0.0034 | 0.0242

Takal 0.0586 | 0.0094 | 0.0216 | 0.1029 | 0.0116 | 0.0022 | 0.0035 | 0.0246

Taka2 0.0592 | 0.0115 | 0.0179 | 0.1219 | 0.0116 | 0.0022 | 0.0034 | 0.0243

Iwano | 0.0603 | 0.0118 | 0.0184 | 0.1236 | 0.0116 | 0.0022 | 0.0034 | 0.0243
N, = 28,456
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IMBEBoins KRBy PIEIL 5 FEFEDO U, FHRICHE S CRUZ LD L ODMTHE D ZE RS20, 6
FEFE D C, U IS S FER DRI TIX, Binld Takagaki 5B10 Takal DA H K& <, Bpgy & By 138k
HINE W, Thbh, BEERZEB IOV TIWT IO C,R T EHIMEB, D 20 %FEE TH 53, Takal
Tl 16 REE & /&0y,

—J7, 10 m & EE UK U, o 2 JHVN TP 72 Toba £R34B, D6, SEXIME By oy IR Z22B) 00, 35/ MEB1omin
&R RMEB gmax (B L THCARUTES S HEROBIEICIZ L A EELE LRV, Ziudz m & EREU,
DD MR S D BEEH Eu T WA C RO TEEZ AL 573, 10 m SEREU IIXIZE A EEEY
HETRNWZ EEEKRT 5,

708, 2E F TITFig. 211X Takagaki HBIORXUCILS L Cy & U D x DIEDBISR, Uy =5m/s 15

x 107

a-case ’ )
L NF=28456 ' _

C4=0. f)0255
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Fig. 21 Relation between C; based on Takagaki et al.31 equation and U,,, and relation between wind
velocity U;, segment-separated mean and standard deviation Cg,, + C;, of C; based on in-situ
observations satisfying selection conditions and segment-mean wind velocity U,g,,, in addition to relation

between C,; based on any of 5 U,,-dependent C; formulae and U;,(local wind waves case).

Table 8 Mean, standard deviation, minimum and maximum of site-dependent Toba coefficient B and those

of site-dependent Toba coefficient B, (local wind waves and swells co-existing case).

meas. station N B B1o
B, B, Bnin | Bmax | Biom | Bios | Biomin | Biomax
Hiratsuka 3,939 | 0.0502 | 0.0093 | 0.0201 | 0.0961 | 0.0095 | 0.0021 | 0.0033 | 0.0205
Gobo 3,085 | 0.0412 | 0.0094 | 0.0178 | 0.0792 | 0.0077 | 0.0022 | 0.0028 | 0.0158
Komatsushima 820 | 0.0453 | 0.0085 | 0.0229 | 0.0666 | 0.0085 | 0.0020 | 0.0037 | 0.0139
Okinoshima 2,748 1 0.0435 | 0.0103 | 0.0172 | 0.0783 | 0.0081 | 0.0024 | 0.0027 | 0.0159
Sadamisaki 274 | 0.0501 | 0.0087 | 0.0301 | 0.0764 | 0.0095 | 0.0020 | 0.0051 | 0.0153
all stations N, =10,866 | 0.0456 | 0.0103 | 0.0172 | 0.0961 | 0.0086 | 0.0023 | 0.0027 | 0.0205
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1m/s Z & DX TRDT2Cq D FIEC gy & R HERZEC o 36 KON L IR U, o, & PXTRT BTN IZ
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BT, DYINERIRIETE 77— 2 12%F L TH7- Toba f235B ¥ £ OB o Z L E N D FEME (By, Biom) s
R ZE (By, Biog), B/IME (Bmin, Biomin)s» WHKME (Bpin, Bromax) PHURRI—% % Table 8 (277
T Z fEA@B@ﬁ?tfwﬁ IB,, =0.0456, B, ® F-H#IEIXB;gm =0.0086 TH D5, a)NiE - NHEIRIR
F—RZBTDHENETNOMHED 78 %EB LN 74 % &7z /S, Ld EWEO LB IX
B =0.0412~0.0502, By, =0.0077~0.0095 & fHXIHIIZHN, D)FMERIRILS 7 — X128 1F 5 Toba M
S Q)N - WIFIRIR 7 — ACBIT DR LV /S Wl & LT, BN ) OFERH
DD, T OWHEIEFRITBLEE T 5202 TR,

4. 4

anl
ju]

AR TEFERITOEDL > TH D,
(DTakagaki &35 LU Iwano HMIC X V2R SRR TIE, MBEETUREC,, BIRFIEREESR /g |
LR 2213 10 m & BEIRAEGH U, o = 33.6 m/s 28L& LT, LIRMEC, = 2.55 x 1073, Ef,} /g = 2.27 X
107* m/s, z, =0.363 cm BNEZ 5N, THHOEMEDZ BT « BP0 K v IE S - BE
DL - BUAIEE (U <25.5m/s) IZBWT, ZhEho EREZ EEb o ERIME LA EHFEL
RNEWS BIRT - EREMRREIND, £z, MERz % base &7 5 WRICIEIR = K /LF —F & IR
JCE— 7 JE S, DBAR IS K O kT D FERAE & 92BR - BLIE & OXERIZ DUV T b Takagaki HBIO
RO LVEND HFRERIESND, L= > T, Takagaki HBIORGICHES AELEH, - A
JAHAT 705 ORER 2y, *EANC X 5 Cu8 X0z m @ R U, 2> 5 OEEEGEFu, & 10 m & R,
O E 22T 23 FTEEIC 72 D
@10m & EREEU, o < 33.6 m/s TUoDBI% & L TF & 417 Takagaki 53] (Taka2) 35X OV Iwano &[4
(Iwano) (2 X B¥FMHIAREC, DML « FIEER (< 25 m/s) (CIZEEED Mitsuyasu + Kusabal?l
(MK1, MK2) I[ZXAELVO0RE L, mEER (>27.5 m/s) ([ZIT00/hS 0, Wulehz X5 C,l%
Up >15m/s TliE, ZhHDHI L TRBKREVWEELZ 525,
QPR u, TF I 417z Tobalbld 3/2 FHINZI 1T 5 Toba tRIKBIL, EfS/g°C 2B 5 EIRMEDIFIE
% 7RI8 U7z Takagaki HB1E Iwano HMOFEE Tldu, < 1.70 m/s DA EL T < u \ZFEOIT (o
w0, u, > 1.70 m/s DEPFAuAHRLS (o ulV?) KFET D, OF D, Toba fREB % iEH & 9% Tobals)
® 372 FHIL, u, <1.70 m/s @iﬂ/\ IEFFVVER TIPS TIEE 523, u, = 1.70 m/s O HE5E R
HRF DG E T HIFPMAL L7e vV, Takagaki HBIOEBRER (Ef} /g, 20, ., Uy) [ZHEDWTEY
&7z Toba fA35BH & OB D F N L, 38 L U, o ~DHAF 2 £ #B T, 7 UFEBRRERICHESL
fEl % DBF KX UB DL B Z N9 5 2 L AR SN D, F72 MitsuyasulIDFERTH,
Toba FREITEEFHRL TR LI ERGTIEIRBE~D Z < G9WVKIFME (c F20°) 25 %2, ERELITE X
20, u, < 1.70 m/s OEEREOFEER - BUHIE T, Toba fAEB DU, ~DIFWREMEN LD H L2 b
RV, HEEWRIZEDENE G2\, 7ok, SEIOMRETCHEM L2BEFO FER - BIHIEEL IO
B - NIEICB T 2BIEEHTIFIET R TU,p < 33.6 m/s (u, <1.70 m/s) THLNLTNWHDT, H
SRR (Uye = 33.6 m/s) (28T DTG LR b0,
@u, @(ﬁUmm%a@Eﬂf_@;@%ﬁ BHEFR (u, < 1.70 m/s) TiX Toba 23D F-¥ME (B,,) X Toba &
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Thh, XAB-2)OFE2XKE2EDD LERKIT2D,
- {0.4/10g(2.48 x 10°/U%)}? ; Uy < 30 m/s

a= s (B—-4)
2.55x 10 ; Ujpg=30m/s
DOEIZ, Uy =25~30 m/s (2.5m/s [EfE) 12k+ 25 (B—4) Ofi%
Cq = aUfy (B-5)

TIELL, Uy =30m/s TCy =255x103L925L b, 25D FHETa, bEHEHTSH, D15
@1F 25m/s T & DU K L TRDTeb, OFERBfEADE L Cak BT HHIETH D, Thbh, Zi
Fnad &R E LTkl TcEREND,

n

10i _ 1 Z lOg{Cdl/(ZSS X 10_3)} _ 2.55 x 10_3

U b
= 2.55x 1073 (—) b= , a=
Car = 255107 57 ) b 10g(U01/30) @ 300

” (B-6)

H 9 1O0OWIE 25 m/s T & DUIIR L TRDTEXB—H)IZEHC,DERNZU, =30 m/s (— I
IR FEGE U ), Cq = 2.55 X 10 3DFRMFD H & The/lh 2 Feilk (LSM) IC L W bEEIT 5 HIETHY,
boOFHEAITRATREND,
b= Ynlogx; -logy; o Cyi Ui _ 255x107°
T Ty (ogx)? YT 255x103 YT 30 4T 300
FEEEOMH TIL, WFOFRO S b, BEHEICK T DA E O\ 28T 5, o RFRHEU, o
B B VIR EEESE Eu, DA ITIEB—6)H 2 W ITX BB D 130] U o 213w lE 2
AU ATREIC 722 5
I TCTEQIEOKB—6) T LI-AER, CuDU TR LD _FFALGILA T B—4)0F 2 L&
LBz
_ [5:36 x 107*U*° ; Uyg <30m/s
‘e [2.55 x 1073 : Upy = 30 m/s
THZbN%, Uy =30m/s Tlidu, =1.52(1.515)m/s TH 5, L7=2> T, Uy &u DRERIEFRAD X
2T D,

(B-7)

(B—8)

(21.4u;%%®u, ; u, < 1.52m/s
19.8u, ;u, = 1.52m/s
Table B1 13 (B—4), K (B—8)DIiEH>, ALH ™ Table 1™ Wulél, Mitsuyasu * Kusabal”l (MK1,
MK2) 2k BC,0— a9, ZhbidTable 1 ORIFEDFER & T Wulthiz L A5 RIS <,
e T, REDICHEY 45T

Uy = (B-9)

H\? 1gT\ "3 U
(guzs) (g 5) =7.57 %1076 x 16 x 1.053 (f) =1.40 x 10™* x 21.4u; %187 (B —10)

Tebb, K@2)EHX@3HDMYERIT

3/2

T,
5.47 x 10~ 200935 (@) s u, < 1.52m/s
gHs U, B-11
u? | 1.52\12 /gT,\3/? ( )
|5:26 % 1072 (—) ( S) ;u, > 1.52m/s
u, U,
225, 22z, RB—1D)E 2 Ko EEIFrRIc X 5,
gHS>2 (gTs)_3 2.27 x 107* x 16 x 1.053 »
= =27.7x107* x 1.52/u, B—12
( u? U, (u./Us10)Uqg ( )

Table B2 i3z\(B—11)IZ L % Toba fR# D 100 5% 5% %, KEAAINTIT Toba FREUITH(22)F LY
K2)DFREE AT 5~6 BT HBRETH Y, u, ~DOELFEITBNC L TRAEMIZIE Toba &K
Br =0.062 1V 15%FEE/ NSV, K(B—11)5 1 KD Toba f&5kBIdu, OEIM & & bW+ 5, T/
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Table B1 Change of C; value with increase of 10 m height wind speed U,, forany of 5 C; laws

including modified versions of both Takagaki et al.31 and Iwano et al.[] laws.

Cy x 103
Uyo(m/s)
Wu | MK1 | MK2 | (B-4) | (B-8)
5 1.13 | 1.09 | 1.01 | 1.21 1.12
8 1.32 | 1.09 | 1.01 | 143 1.39

10 145 1.21 | 117 | 1.56 | 1.54
15 1.78 | 1.53 | 1.53 | 1.85 | 1.86
20 2,10 | 1.84 | 1.84 | 2.10 | 2.12
25 243|216 | 213 | 233 | 2.35
27.5 259 | 231 | 227 | 244 | 245
30 275|247 | 240 | 255 | 2.55

Table B2 Change of Toba coefficient B based on modified Takagaki et al.[3] equation with increase of

friction velocity u,.

u, Uy, |eq.(B—11) u, Uy | eq.(B—11)
(m/s) | (m/s) | Bx10% | (m/s) | (m/s) | B x 102
0.10 3.29 6.78 4.00 79.2 3.24
0.15 4.58 6.53 3.50 69.3 3.47
0.25 6.93 6.23 3.00 59.4 3.74
0.262 7.20 6.20 2.50 49.5 4.10
0.50 12.2 5.84 2.00 39.6 4.59
1.00 21.4 5.47 1.52 30.1 5.26

B, Toba f£%#BliTu, =0.10 m/s(U;, =3.29 m/s) T 0.0678, u, =0.262 m/s(U;, = 7.20 m/s) C Toba
FEHBC BT % 0.062, w. =1.52 m/s(Uy = 30.1 m/s)T 0.0526 % & U, & =752 L Tu, = 4.00

m/s(U;o = 79.2 m/s)T 0.0324 &, Toba 4B, =0.062 DK 1/2 1272 5,
DNT, Ul LB EARTIEAEBO) TG 20T

3/2

T
ot [1.18 x 1072 (%) S Uy < 30m/s

10

U2 30 1/2 T 3/2
1 l1.18 x 1072 (—) (b) : Upp =30 m/s
Uso Uso

(B—13)

TRIND, ZOHAHD Toba t£5B,, = 1.18 X 1072 (U, <30 m/s) 1$H5 BN L 5iEEIA(36)I2F

T AEE1.19 X 1072 (F < 103~10%) L IZIFEET 5.
S50z, R EAR 2R R@E DY 35 0T

7.57 x 1076 ; Upp <30m/s

Efy 30
gUsy  |7.57 x 1076 (U_) ; Ujp = 30m/s

10

ThHv, UMY 50
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[1.62 x 107

Ef} |7 go1er ; U, < 1.52m/s
o o (B—15)
* 1.49 x 10‘4( ) ;u, = 1.52m/s
2725,

Ef}/gu.ifu, <1.52 m/s Thu,~DEKFENEE b D, Ef}/gUylEUs, <30 m/s TEHE & RS,
NS OBIREGEIR TIZES /gu., Ef3/gUio@ W & bu,d 5\ MIU o~ DA B RN 2 /- T
PRI U DR BB U o, L7223 > Cu, ORFREHu, DEFIZ L > THEDL L2,

C. u.RTRICKBDES/gERW=1RE (1) (u., =1.70 m/s ® case)

T 2 CIIBREEE O RRME Zu,, =1.70 m/s &3 555 O Toba fREIZBIT 2 Mt 217 9., AL TH
72 & 912, Iwano HHNZ X 5C, & /= Takagaki 5B X DfERICHES< 3/2 FANZEIT D Toba
REBIL, Uy =33.6m/s (u, =1.70m/s) DEGESFRMD A7 5T U, < 33.6 m/s (u, <1.70m/s) DJE
HWEEDO S & THhu LML o0, ZiuE 3/2 RAIRTEOERIZHT- - T, F2Eh w, £ 721U, I
EIETHCRORMAEZBELETAELTZHLDTH D,

Takagaki HBICIXES} /g (Figure 2) BXUC, (Figure 1) OEBRFERIIU, & OB TEIE ST
WDB, Upp b u TR L Z T N2 2 2D, SRR 2 Rl (ER) b
DEBHEDITOSEE2ZET DL, Eff/gBL0CITu, L OB TRT L ARREEZLND,

%9, Takagaki HBIZIBVTC,D EIRIEIZU o 233.6 m/s (2%f L TCC, =255 x 103 TH L5,
BT Duddu, 2170 m/s 12725, LT, ZHICHHIGT DER/giFN(D N HEf} /g =227 x107*

(Uyo 233.6m/s, u, 21.70m/s) % & %, Figure 2 IZ3BW\WCRillZu, L 95 &, Ef,)}/g=227x107* =
1.335x107* x 1.70 (u, =1.70 m/s) TH D16, Ef;}/gidu, <1.70 m/s TiE 1.70 Zu, 22 2 72k
TERIND,

Ef) [1.335x107*u, ; u, <1.70 m/s
g [2.27 x10™*  ;wu, >1.70m/s
F7o, AKX C—1D)DFE 1 RERAT S &,

C; = [0.4/l0g{1.42 x 107*(1.335 x 10~ *u,) %}]? (C-2)
THY, RADITHEYT D Cyldu, DEfEE I L TkRiIc2 5,

.= [{0.4/10g(0.797 x 10*/u?)}? ; u, < 1.70 m/s

2.55 % 1073 ;u, =170 m/s
DNTCy=aulé LT, u, =170 m/s TC;=255x103L W H %MD & iCu, =0.10~1.70 m/s

(0.10m/s fifRE) OHIPHTH(C—3)DH 1 XA ELE T HIL, Ffla, b3FEB &L [ARO@IETRIE S

No, wDOEFMHIZHT 2 CuD~F TR RIAITR(18) & X(A7)ITkHE L TR TER I D,

C€-1

(C-3)

2.00 X 10732459 ; 4, < 1.70 m/s
a= 3 (Cc-4)
2.55x 10 ;u, = 1.70m/s
U = (22.4u;%??%)u, ; u, < 1.70m/s or u, = (1.777 x 107 2U2°")U,, ; U;o < 33.6 m/s C—5)
7 [ 19.8u, s u, >1.70 m/s
R(C—B)DHE 1 N TIHLU T TOMHHZE 2 TUy — w, BB Eu, — U BAROEE %2 5 2 T\ 5,
VT, u, <1.70m/sTIEXR0) EX(C—D 6
Ef} u, gH\? 19T\~ )
7_16x1.053(u3) (u) = 1335 %107, (€=6)
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Lo,

HN\? /gT\ "3
<9u2s) (i S) = 18.522 x 1.335 x 107* = 24.72687 x 10~* €—7
ThHoND, RC—1DDF 2 RUESFER LEADLE TR S,

3/2

T
oH [4.97 x 1072 (%) s u, < 1.70m/s
S

*

u2 (C-8)

1.70)1/2 (gTS 3/2

|l4.97 X 1072 ( ) ; U, = 1.70m/s

* U,
bbb, u, <170 m/s 2% LT Toba f#3B134.97 x 1072 L £ % & 578, Toba & B, = 6.20 x
107200 80 %D K& XThH D, B=497%x107213(22)H 5 W FX(23) Tu, = 1.70 m/s DHFADBIZ
LW,

512, Takagaki HBI0 Figure 2 (T8 HEfE /gD %8 % u, OB E L TR(C—1) THRTHAEI
13, u, < 1.70 m/s OFEIIZK LT Toba @ 3/2 FHNCIH T H4R5B(= 4.97 x 1072)1%, k> T
U o Z5m D Hu, R ICEH T D AR SR OB (= 524 x 107 2u; %) L %72 Y, Toba E%t (By = 6.20 x
1072) L [ARRICuJ IR LW —TEEA & 5235, #axHElL Toba B D 80 % & /hE Wy, —J7, u, = 1.70
m/s OFHREEL TIE, Toba MAHBITu AT HHI L THA T2 2 L5, Toba @ 3/2 FANTHITR
FRAL L7 E WS REEIIE D B 720, I 61T, EfF /guldX(C—1D) L ki b,

1.335 x 10~* s u, < 1.70m/s

Ef3
gu.

(C-9)

0
1.335 X 10_4( ) ; U, = 1.70m/s

*

K@) DOHE 1 NFu 2O pIfFREZ R~ T O LT, X(C—DDFE 1 NxEHr L5, /2, F2X
FRHM@) ETARC—DDOW T bu, LW HFIORRE 5 2, RETEERIA AL LN 2 & 2R T,
—7, RC—5)DFHE1X 2FH) ZHWTR(C—7)Z2 U FRICERT L,

2 -3
H T. w
(9 25) (b) =16 % 1.05% x 1.335 x 1074 (_) = 24.727 x 1.777 x 102U%2%7
Uio Uso Uro

= 43.94 x 107°U%2%7 ; Uy, < 33.6 m/s (C—10)
Thbv, XC—DDFE 2 bRAiTh D,
gH\* [T\ 42.04x 107
(Ufo) <U—0) T Uy
L2 o T, WMHEDREEBgH J/ULITIRATREINS,

; Ujg = 33.6m/s (C—-11)

3/2

T,
gH, [6.63 X 1073U%1° (Z—lz) : Upp < 33.6m/s
Uz, = 33.6\/2 /gT,\3/2 €-12)
l1.12 x 1072 (T) (U—lz) Uy = 33.6 m/s

LEBODH 1R EREALD, L(C—12)D% 1 RUTBVTIiE Toba FaEB o |\ U K FENEN S, Z D
A, Toba #R%B,, DI KMEIF1.12 X 102 TH Y, Uyp <33.6m/s TIX LV /NS UVMEDH1.12 x 107223
T 5, ZOX¥ENTFig 9°Fig 20 1R L7BRMEIC RS $Eh b LT L HEEA Ly,

T, Eff/glu 0Bt (R(CE—1DOFHE1R) 2HW554, Toba fREBIXTEH A & 573, Toba &
BB =0.062 D 80 %L /NI L, UpoRRICE#T 5 & Toba HRIB, o (T ITREL.12 x 107225 9
Upo~DIEDRFVER B, BINCESSFEE LT LA LARNWZ LTk D,
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D. w.RRICKBDES/gERUL-1&E(2) (u.,. =152m/s D case)

1% C CIIEEE Ky, OIRMEZu,, =1.70 m/s & L2550 3/2 FAUIRTRROEHNZIT 72208,
2 TIEAFER B TGS L Cu,e =1.52m/s & L7CH G DR A 13005, Z OB, 8 C & B2 28l %
ELHETTHEMBRIZF -THHDT, HFCOXEZOEEH, HIEOARETT S,

F9°, Takagaki 5BIZEWTC;D EFRMEIZU,, =230m/s (2% L CCy =255 X 103 TH D05, Y
T Huddu, 21.52(1.515)m/s (2725, £ LT, ZHIHHIET DE/gi3s (7)1 HEfE /g = 2.27 x 107*

(Uyo 230 m/s, u, 21.52m/s) % & %, Takagaki 5B Figure 2 IZ3BW TRl Zu, L 32 &, Ef} /g =
227 x107* = 1493 x 107* x 1.52 (u, 21.52m/s) TH2H7b, Ef2/gldu, <1.52m/sTiL 1.52 Zu,
WCEZ R TERIND,

Ef} _ [1.493 x 10™%u, ; u, < 1.52m/s
g [2.27 x10*  ;w. >1.52m/s
F72, X@)OFE 1RXXKD-—1D)DFH 1 XKE2RATH L,
Cy = [0.4/l0g{1.42 x 107*(1.493 x 10~ *u,) %}]? (D -2)
THY, R(C—3)THYT D ChlTu, DA LTk 5,
.- {0.4/10g(0.637 x 10*/u?)}? ; u, < 1.52m/s
2.55 x 1073 ;u, =>1.52m/s
DONTCy=aulé LT, u, =152 m/s TC;=255x103L W H 5D & iCu, =0.10~1.40 m/s

(0.10 m/s f#If@E) O#iPHTHA(D—3)DH 1 X& 34T, 17¥a, b2 F8EB & FAED @ikE THIE S
N5, u, DRFPHIZKT 5 Cyd6 LU D F FHRGEEIAIEIA(C—4) & L(C—5)ITxbi L TRATE S
N5,

D-1

(D-3)

211 x 1073u2%%8 ; 4, < 1.52m/s

a= _3 (D—-4)
2.55x 10 ;u, = 1.52m/s

3 [(21.8u;°'229)u* ;u, < 1.52m/s or u, = (1.837 x 1072U%*°")U,0 ; Ujp < 30 m/s -5
7 19.8u, s u, > 1.52m/s

KD—5)DFE 1N TIHUTFTTOEHAEZE X TU — u BB Eu, — U BIROME %2 5 2 T\ b,
VT, u, <1.52m/sTIEXRO)EXD—-D S

Ef3 u, HAN\? 7gTN\ "3
% = texraw ) () =1493x 207w, (=0
L7225,
gHs\* (gTs\ > _ -
( = ) (u ) — 18.522 X 1.493 X 10~* = 27.6533 x 10~ (D-7)

ThHoNE, RD—1D)DF 2 RUESFHERLEAEDE TR D,

3/2

T.
gH 5.26 X 1072 (%) su, < 1.52m/s
S *
w | 152\ Y2 1gT\3/? (0—8)
|5:26 % 1072 (u—) (u) ;u, > 1.52m/s

KL(D—8)% 1 NDFR%k5.26 x 1072FHX(C—8) % 1 XDfRH4.97 X 107212 T 58 % RE1, 2 X
WZDOWTHFEI L TH D, Toba BBy = 6.2 X 1022 KA L H L&, u, < 1.52 m/s IZ%f L T Toba t&%k
B1X526 x 1072 L 4% & %78, Toba EHMBr = 6.20 X 10720 85 %D K& X Th 5, B=526x%1072
IEX(B—10)DH 1 Xd> 5V EE 2 X Cu, = 1.52 m/s DA DBIZHE LY,

Y 512, Takagaki HBIO Figure 2 (23815 DEfE /g D% 8% u, OB E L TAMD—1) THETHAEI
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1%, u, < 1.52 m/s OFEITK LT Toba @ 3/2 FANZE T H4EHB(= 5.26 x 1072)(%, C,ick->T

Upo -0 bu, R ICE BT 2448k B HOLRHB(= 547 x 1072u;09935) L B72 1) | Toba E# (B =

6.20 x 1072) & [FRRICuJ RS LW —El % & 5728, HokHEIX Toba D 85 % &/hS\, —J7,
> 1.52 m/s ORBIEEE TIL, Toba 4REBIFu, 212 B L CliA 3% = &5, Toba @ 3/2 Ffl

EHITORAZ LR E W SRR ED B2, 612, Ef)/gutdA(D—1)& v kA s,

1.493 x 107* ;u, < 1.52m/s

52 (D-9)
) ;u, =1.52m/s

Ef}

gu.

1.
1.493 x 107* (

*

KB—15)DH 1 KIFTu ¥ D BIER Z R~ T DI LT, RD—9)DH 1 XiFEkzs Lt b, £,
% 2 NFXB—15)FE72ITXD—9)DOW T bu, LB OREGRE 5 2, RETEERIRAL Len S
LaRT,

—7, AO—5)DFHE1X QFHEOX) #HWTHA(D—7)Z U, FRICE T I,

2 -3
H T, U
(9 S) (ﬁ) = 16 x 1.05% x 1493 x 10—4(

) =27.6533 x 107* x 1.837 x 1072U%2”

U120 Uio 10
=50.80 X 1075U%7 ; Uy, < 30 m/s (D — 10)
Thy, XD—1)DF 2 Nb R D,
2 -3 -4
gH,q (gTs) 42.04 x 10
25 = U, =30 D-11
(U120> Uso Uso 10 m/s ( )
L2 o T, WHEDREEHgH JULITIRATRENS,
gT\*"?
7.13 X 1073U%H° (—) ; Ujp < 30m/s
98 _| Uio (D —12)
Ulz() - 30 1/2 gT 3/2
ll 18 x 10" ( ) (—s) S Uyo = 30m/s
UlO UlO

KLEBOYDHE 1 KLXB-13)0FE 1L E20, XM—12)0%F 1 KBV THA(C—12)0F 1 KL
[FIKEIZ Toba fR4XB o \C Uy o IRTEVE RSBV D, {488 C DFEEL L Hh_C, 2 DB 5%ERFE R X
72T, BbbRu,

&, Efy/gUyo = a =const DA (8% A, B), ufkFOC, %18 U CES}/gu,lZkt)i L= Toba
® 3/2 FHNZH T 5 Toba £-EBITu, «@%%u\ﬁkf PEZIRL, UgZmd 3/2 FHNIZEIT D Toba 4%k
BiolTE$1.12 x 1072 ({F8% A ; Ujo. = 33.6 m/s), HHWE1.18 x 1072 ({+8% B ; Ujo =30 m/s) %
&b,

—%, Ef}}/gu. = B =const D¢ (F8% C, D), Toba @ 3/2 FHD Toba fREUTEEIZ 2 5%, K
Z D HOIE Toba 4L (By = 6.20 X 1072) @ 80 % (4.97 x 1072, {1$% C ; u,. =1.70 m/s) zibéu\
85 % (526 x 1072, {48%D; u,. =1.52 m/s) &5 %, U FnRD 3/2 %El BT % Toba #2%4B,, 1
WFRDCHNZ 8 U CUKFENE T D, 2 b idu, 723U K FEICBE LTy — Y — o fRIC
5z k%i@bfk@ ﬁ%‘ CEEMZ LT RSB OMETH A D, ok, BRIVAHEME (u.,
Usoe) % LD DEEIZ1E Toba 5551 u 2 3 5 WZU Y HKAFHE DL U % D C, Toba EEULIFIE L 2
720N,

%2, XD—1D)DHE 1 KD T Toba ©H B, =0.062 215572012, &D_NEBEEZHE BT S, £

— =au, (D—-13)
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T R @) e 0=

g 16\ u? u, u? u, T,
Thb, T,/Ts =105 5L, BT
H\? 19T\ "3 T\®
(gu;) (gu S) - 16 (F") ca =16 x 1.05% (D — 15)
* * S
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Fig. D1 Relation between Ef,’/g and Uj, based on any of (a)observations at 17 stations, (b)
observations at MT station in Osaka Bay and (c) observations at Tokyo to-hyo station in Tokyo Bay.

Each figure gives mean and standard deviation of U,,-segment-grouped Efp3/g and coresoponding

mean Uqgp,.

37



E. Uy BRB LV RRICEBEL/gEANERHDEED

Takagaki HBIOEBREE ZEHAT 272012, 777 LOGEHMETGRY HO 7V —Y 7 N2 HNWT,
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F. Toba REDEHICHT HEFE (BM)

Ebuchi 0513 H AREDICELE STz 4 ZEOKRITHNET A2 XD 20 O &EH, & 8
> 10 43 [ °F44) 7.5m mf“ﬂ %U”&wﬁﬂwm SUR DK 3 RN o 72 2 BLIHIE £L 4 Toba ££44B (0.062 +
0.012N), Richardson #%Ri (< £0.02), 1 Reynolds #tRe (> 2.3) ZAf L7=hlFISMD & & ZfENT
L, zoHl (&2 WIECH) DOZEAGITHE O BOBAEE /341 DZEALR°B D Hg (= 1.60H,,) & % W MU, s D/NX[H
BIEEIEB,, & BT 2B, D2 b AT ~TW\ %, Fig. Fi1(a) & (b)1%, Ebuchi 501510 Buoy 21001 (fili
BT A) x4 5 Fig. 10(0) & (d) 2> 5 XERIEEIEB,, & AR R ZEB, & Gt L AR L 72/ R
#9, Fig. F1(a) ClE, B2 Hy& & HITHIK L THy, =4.25~6.75m T 0.062 £ D 0/ S0 FE—
E L7fE (0.052~0.058, EEHUIDeW) 2LV, & 5HITHg, >7m TliX 0.060~0.061 & Toba E#
0.062 (272 VITVMEZE & 528 (BRHEN &b Th7e<, EH¥RFZB, X 0.012~0.013 & K
EV) ZRLTEY, ROHJAZHT 5 0062 KV /NSWBE SR DFEEICE D E L, —F, Hg, >4
m TB7? 0.062 (Zir-D< F#Z Al & O J[FTHEERIRIEICH 2 M A FBT 5 2 itk 2 & LT,

—J5, Fig. F1(b) TiX, BOMEB, U, 5m & & %) ZHIIML, Uysy =15~20 m/s CTIEIE—EMHIZ
ITVME (0.048) 2 & 5706, Ussym =23m/s T 0.06 [ZHIMT 5, Uy >15 m/s TIEE R R
BT 50T, B, DIEEMENELRDND, L, ZOBHADORKEIT BB, AU, 5 DI X - T
B Uy sm <20 m/s TIEB =0.062 D-20 %IKIZT HADLRNETH Y, Hgp, DI K > TEEEB,, »
20 %I A D Hopp |2 K DHEBRDOAE R & R 2 KW CEIZT 5, 24U Ebuchi 50510 Fig. 10(a) & (¢)
HHNNIINOEERI L Fig. F2(a) & (0)I2A 5 X212, DEOMIIIICKE WEEZ & DBEEN
UrsmiZ X DBEH CIIH IC K DB ThSWHIZBE L T ey b, ZORERNIWBD
E% b OEEEECRIN SN D728, Uyspll X DB CTHEB, N MNSWMEE 2D Z Ltk D

BT, AL TOMBEEZBINMBHT 5, Fig. F3@), b)), (), ), (), (f)IXBEEDESR - Bl
i L V1572 (@) BE H, (6)Bog & Hg, (€)Byo & Hi DA BRI L OVEBRED A% x4 & L7= (b) BLH,,
(d) Beq & Hg, (f) Big EHDOEBRE NS 725, BB llt%0 % (a), (b), (), (d) D#[XIZiE Tobals!
\Z X 5By =0.062, B2t % (e), (f) DFXITIZC, = 1.6 x 1073 L LT Toba @ 3/2 TN HR 7=
NA—12)ITHKS< By =0.0124 52 5, EHR - BUHED 5 WITEREFEBOLEICL 5T, H~O

x 10
o 10

Ebuchi et al.(1992
Ebuchi et al.(1992) | uch ( ) ]

81 0.0744(20%) 81 0.0744(20%)
B=0.0620 o B=0.0620 r ]
mbe - [ l e??%e | @ | 0.0496(-20%) r”l HI ..QT
® +|E |
T I 0.0496(-20%) ay | Hﬂ TH

2t + { 2r
® [0 S ——— Lovov0ou 1
0 : - : y : - : - : 0 5 10 15 20 25
0 2 4 6 8 10
Hsm(m) U7.5m(m/ S)
(a) (b)

Fig. F1(a) Relation between B,, + B, and H,, based on segment separation of H;, (b)relation

between B,, + B, and U5, based on segment separation of U, s(after Ebuchi et al.[15]).
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R . ™ Buoy 21001 ) Wt i ’ " Buoy 21001
LT : = :
. ) . 4 T, T e . 4
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Fig. F2 (a)Relation between B and H, and (b) relation between B and U, (after Ebuchi et

al.l151),

RIRBVIREAFVEILB, Bea, BioPWTAIUZODWT HIZE A EHL LR, BB IR D Fig. 612
RLTZEIIE, HED T LAUH D0 Tl & & DICHETREAICH D LIz D,

952, BEEOFER - HHMED 77— A T, Ebuchi et al.ISIOFEF 0 X 9 (2 Toba £2%B D X[t
WIEB,, 23U, s D/NXK R FAD S KL 0 Hy O /WX 3B DG AT KR EVME A & 5 R8I H a7
WV, ZO—KITERN DT EHRICH D000 Livievy, 52, WE - NiEOBLIER L v 15
b7z Toba FREB & BygDu, (Uey), Uror Hg\TFE D HFEZTRARD, w,, UppDEEITHE L TEARID
Fig. 14, Fig. 17 B X O'Fig. 18, Fig. 20 THET L7224, ZZTldb 54 LEHE Lo R 2 H APk 5 2%
Bhe L btk %, £7, Fig. FAIIBIZxt L TxnEh(a) BfEnmE b) e A N7 7 A%RT, BIX
0.0216~0.1029 D[ TH¥HJEB,, =0.0586 O FE DV IZHAAT 5, FEHERAIXB, =0.0094 TH LD,
B, £ B, Dt 0.0492~0.0680 & 720 IV, HEENR AB, X BB, D 16 % Td %5, Toba EH
By =0.062 [T 2541 DWIEP =65.5 %N ET 5,

Fig. F5(a)i3BEu, O %4% 3 Fig. 14 LB, + B, tu,, PG EFE T Fig. 17T 248K L7,
(b) 1ZB L H; DA KNI K UH D 025 m Z & O/NXETHIZB, + B, & He, D BIfRZ RS, KT
Toba & #(B; =0.062 X° Takagaki HBINZ L2 Toba tR¥BA KT ME 52 5, Bhu, THEAT D L, X[H
BUSEEHE B, | X A DB 2 BR D Tt (T B F W ARAET, Toba By =0.062 L W /NS UMEE L 5 DI
K UT, HCHEBLT 5 &, BpldmpIDEN O REL EA LT, HplldH £ VIKIFE L2V D By =0.062 &
DOCREVEE D, i, Fig. F1125 272 Ebuchi HBIOZEHFH EF T TH D,

Table F1 {3u,Z®u, <0.3m/s, @0.3m/s<u, <0.6m/s, @u, =0.6m/s D 3 X[ Lu, DEXM (H
DL B ¥, HyxDOHg <0.6m, @0.6m< H; <0.9m, @0.9m< Hy <1.2m, @H; >1.2m O 4 [X
M & H,DRXH (u, DRI K D555 ([2HHI L THEZBOBERMED & XEIZET 25 (N,), FHIE
B, "EHERAEB, B L OARLD Table 6 1252 7= 2&RHIXIT D5 L DEO— K2R, EbHTH
BOERO X TITER D A 2T D, w, XH D HD 5 TIHEB, 1 du, K H £ VARFEET,
B, <0.59 THHDIZx LT, HXH DA D 3FEATITH,DIEME & HIZBLd K& <720, H, >09m O
I TB,, 2% Toba B =0.062 % £ 5, DT, u, L HJAZ X H/NXHTIE, BplEXEhlu28/hS
SKHBIHNAKEWVIEEREL 2D, 2FD, u,WHhSLKHBKRENWT—R, ThbbBOMEMAEx
FINZ K& W — AR ORFEDN O R THBIEAR N D Z &b, REEIOEEfEE LT Toba &
B =0.062 LV /NSWME (0.0586) BELNDHZ LI,

& AT, ARILITHHEL L7 Mitsuyasu (1968) D (27) & Ki(28)0 b3k 72 (29)12 L 4uiX, Toba
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Fig. F3Relation between (a) B and H, (¢) B, and H,

(e) By, and Hg, based on experiments and

observations, and relation between (b) B and Hg, (d) B., and Hg, (f) B;, and H,, based on

experiments.
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Fig. F4 (a) Cumulative distribution and (b) histogram of B.
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Fig. F5 (a)Scatter-plots betweem B and u, supplemented with B,, + B, -u,,, relation and
(b)scatter-plots between B and H, supplemented with B, + B;-H,,, relation.

FREUIB = 5.64 x 1072F20°TH V), BERTTMIEIHE~DFIVMKAFMEZ =T 28, QD) OEH 57 X
T, FIIgHs/uflZZEMTE D 2 Linh, gHy/ul DN, 372D BLHDHRPu, DA & & 612 Toba
BB T 5258 &R, ZiUT EREOu, & HATPE 5 b & B e T 5,

DT, Bl oW CTHh D, Fig. F6(a), 0)IZZFNZFIB,,DRFENA & SEE N 277, (a) X
13U #R~ (€ = 1.6 x1073) |ZZ5H#4 L 7= Toba @ 3/2 AT 544%4B,, =0.0124, By, =0.0116,
Bigm + Bios =0.0138, Bigm — Biog =0.094 & Z AL HIZxtIET 2 RFEEI D WP % FL T, Byold 0.0035
~0.0246 & 720 JRWEEPHIZ /04T L, BEMERZEB o0 B FAIME B, 6 DA 20 %ITIET Do B, g 15
B, & [RIFRIZ Toba IZ35 1) D4R5LB, o L D 00/ S0,

Fig. F7(a)iXByq & Uy D HAIXIFS £ U oD /NN KIS 5 By D EEIE » FEYENR 2B om £ Brog &
Uy DB U 0 DEATR, (D) 13U 0I2ZE 2 CTHy & L7235 A ORIBRO M % 773, KHIZIX Takagaki 5031
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Table F1 Alist of sample number N, mean B,, and standard deviation B, of B data classified by

both u, segmentsand H; segments.

17 stations u, <03 m/s | 03<u, <06 m/s|u,=>0.6 m/s | Hs total
N, =5,703 N, =4,848 N, =5 N =10,556
Hy < 0.6 m B,, =0.0550 | B,, =0.0496 B,, =0.0525
B, =0.0084 B, =0.0067 B, =0.0081
N, =1,632 N, =10,310 Ng =328 N =12,270
0.6 <H; <09 m | B, =0.0659 | B,, =0.0606 B,, =0.0493 | B,, =0.0610
B, =0.0080 B, =0.0079 B, =0.0049 B, =0.0083
N, =75 N, =3,386 Ny =417 N =3,878
09<H;, <12 m | B, =0.0705 | B,, =0.0657 B, =0.0562 | B,, =0.0647
B, =0.0092 B, =0.0067 B, =0.0079 B, =0.0076
N, =3 N, =814 N, =935 N =1,752
Hy>12 m B,, =0.0665 B, =0.0630 | B,, =0.0647
B, =0.0064 B, =0.0059 B, =0.0065
N =7,413 N =19,358 N =1,685 N, =28,456
u, total B,, =0.0575 | B,, =0.0590 B,, =0.0586 | B,, =0.0586
B, =0.0096 B, =0.0094 B, =0.0083 B, =0.0094
100||||||||||||||| LN L B B B B B B N 25|||||||||||||||||||||||||||||
i / | N=28,456
I P=87.1% B;o,m=0.0116 B,0n,=0.0116
8ol ~——0.0138 ; 20t B195=0.0022 1
B'1omax=0.0246
P65.8% . B 10min=0.0035
60F 0.0124 15F " "Boodd 1
S| P=53.8% < e Blgy*Bipy =0.0138
| 00116 <Y N
40t 10F .
I N,=28,456
P=23.3% I |
20 0 0094 5
00‘ . ‘O‘.005. OIO1 . ‘0‘.61.5. OI02 0025 ‘(‘).03 00‘ . ‘0.005. IO.Oi O‘.01.5. 002 0025 .(‘).03
B10 B1O
(a) (b)

Fig. F6 (a) Cumulative distribution and (b) histogram of B,.

(233 < Byp =0.0112 (EAR) 38 X W, ZHa L 7= Toba @ 3/2 FHNCH T 5445 B,, =0.0124 (5%
Z5.-2 %, BioldUplZxt L CRIRE DR THA L, FEMEBgm b Uyon (2B LTI <m0 %
b2 RTORT, HEOVELLR, —F, )X TIEBlEH & & HITHMOIREZIAT HH, H DK
EWVIGEITITE B DM 23 B2, BBy g 1L Hem D KI5 THgp OELNX[H TR L7z D
B, HEVELLERWVEZ & D, PEEB g TU1omPEILICE > THHE VLD LRV, Heyy DE
fBIZ L » TR LD BIIE —E O E R T 2L ESEB, D& LRI TH D,
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Fig. F7 (a)Scatter-plotsbetweem B;, and U;, supplemented with B;gm, & Bios-Uiom relationand

(b) scatter-plots between B;, and H, supplemented with By, + Bjos-H;, relation.

Table F2 Alist of sample number N, mean By, and standard deviation By, of B;, data classified

by both U;, segmentsand H; segments.

17 stations Uo<75 m/s | 75< U, <15 m/s | Uj, =15 m/s | Hy total
Ny =3,969 Ny =6,563 Ny =24 N =10,556
H; < 0.6 m Biom =0.0107 | B;gm =0.0095 Biom =0.0077 | B;o; =0.0099
Bios =0.0018 | B;o, =0.0015 Bios =0.0008 | B;o, =0.0017
N, =1,368 Ny =10,550 N =353 N =12,271
0.6 <H; <09 m | Bygy, =0.0134 | Byg,, =0.0121 Biom =0.0094 | By, =0.0122
Bios =0.0018 | B;o, =0.0018 Bios =0.0011 | B;o, =0.0018
N, =74 N, =3,562 N, =242 N =3,878
09 <H; <1.2 m | Byg;, =0.0148 | By, =0.0135 Biom =0.0105 | B;g,, =0.0134
Bios =0.0017 | B;p, =0.0016 Bios =0.0013 | B;o, =0.0018
N, =2 N, =1,338 N, =411 N =1,751
Hy>12 m Biom =0.0140 Biom =0.0127 | B;g,, =0.0137
Bios =0.0015 Bios =0.0014 | B;o, =0.0016
N =5,413 N =22,013 N =1,030 N, =28,456
U,, total Biom =0.0114 | Byg,, =0.0117 Biom =0.0110 | B;q,, =0.0116
Bios =0.0022 | B;o, =0.0023 Bios =0.0020 | B;o, =0.0022

Table F2 13U,y &2 DU, <7.5m/s, @7.5m/s< U;y <15.0m/s, @U;q =15.0m/s ® 3 X[H & U, D&
XM (HOAHZ X 5453%8), HizDH, <0.6m, @0.6< H; <0.9m, ®0.9< H; <1.2m, @H; >1.2m O
4 XM & HDAXE (Uyg DT L D 535H) 1258 L THR72 By O & BHE O & KI8T~ D 5 (N), *F
PIEB o> TEUEMRZEB, 0o B L OA LD Table 6 125 2 7=2& NI T 2N HDOED—E%E"9, B
Zu, b HyCHPRL7= Table F1 O34 & [AEEIS, By D BB gm T Hem & & BTN L TIEE—ED
% & DDITK LT, Upgnllkt LTEHE D ZliEbd, Uy =15m/s TiETe LAY T 5, Uk
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Fig. F8(a)Scatter-plots betweem B and u, supplemented with B,, + B;-u,,, relation,
(b) scatter-plots between B and H, supplemented with B,, + B,-H,,, relation.
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Fig. F9(a)Scatter-plots betweem B;, and U, supplemented with B;, + Bios-Uiom relation and

(b) scatter-plots between B;, and H, supplemented with By, + Bjgs-Hs, relation.

L OH;D/NXETH D &, BiomlTHs & & BITHIIMER], Uyl & bICAEm A 525, D£ 0, H)
RELUpgW/NEWIZE, BygnldR&EL D, ZHUEB,OHEE LR L THDH, LA L, Mitsuyasullld
KUTEE DS ALF DOK(32) TlEgF /U % gH JUZ T ZEH L THU o ~D L D 3RWEEFENEZ o0,
Toba $25XB, o 1TH, & 5\ TU, & & BIZHMZ R L, Table F2 (281 U O A LRV, 20
AEEL OFFHIZ A B D _REETH D,

BT, ARICTBART- b)AWER IR 7 — ATkt 2 et R4 ~d, Fig. F8(a)ldB&u, O
M3 & Ou, O/NXICET 5 BO Y & AR 2B, £ By Ou, O ¥ w2 D 2k, (b) IXB & H
IZOWTORERZ RS, [FERIZ, Fig. F9(a) 1XBo & Uy DA X & U, D/ NX I BT 2 By D
P & BEEAR 22 By o + Broo DUy D BB U 00\ 21E D ZEAE,  (0) 1EB1o L HAZ DWW T DOFER A KT, By,
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Table F3 A list of sample number N, mean B,, and standard deviation B, of B data classified by

both u, segments and Hy; segments(wind waves +swell case).

wind waves + swell
) u, <03 m/s | 03<u,<06 m/s|u, =06 m/s H total
5 stations
Ny =3,113 Ng =1,558 Ny =6 N =4,677
H; £0.75 m B,, =0.0398 | B,, =0.0437 B, =0.0411
B, =0.0102 B, =0.0087 B, =0.0099
N, =955 Ny =3,126 Ng =68 N =4,149
0.75 < H; £ 1.25 m | B, =0.0478 | B,, =0.0493 B,, =0.0506 | B,, =0.0490
B, =0.0131 B, =0.0078 B, =0.0055 B, =0.0093
N, =139 N, =883 N =354 N =1,376
1.25 < H; < 1.75 m | B,, =0.0401 | B,, =0.0497 B,, =0.0507 | B,, =0.0490
B, =0.0109 B, =0.0093 B, =0.0043 B, =0.0090
N, =108 Ng =312 Ny =244 N =664
Hg > 1.75 m B, =0.0442 | B,, =0.0474 B, =0.0521 | B,, =0.0486
B, =0.0097 B, =0.0103 B, =0.0053 B, =0.0092
N =4,315 N =5,879 N =672 N, =10,866
u, total B,, =0.0417 | B,, =0.0478 B, =0.0512 | B,, =0.0456
B, =0.0114 B, =0.0088 B, =0.0049 B, =0.0103

RBom N TN ZE N Uy U om & & DITEELITHNN L TR L &2/ & < § 5 %8135 L UB,,°B1om P He,
BRI LD, ZFE-EOEE L 2FEEH 25, BEOEMRIL )N - NHFEIRT —
AZDEA LIRS D2, Wi, T bu,, U om TR D 5 283 b)AERIRILE 7 — 2 TLD D8
M E 5225 &0 9 EWT, a) s « WIBKRRS — R LREEZORIZT 5,

Table F3 /X Table F1 L[AEk DR Z T, 7272 L, SMNEMIIR &2 Z 8 L C, H,O 3 HIX [ % OH, <0.75
m, @0.75m< H; <1.25m, @1.25m< H; <1.75m, @H, >1.75m D 4 > & LT\W%, Fig. F8(a) &
(b) THI=X DT, BpldHg, & EDIZABE L TIIE—EME LY, u Jl oW THLEOHEKE L HIZA
H L72 D BRI Z R Ty Uy P Hen /DX HBNEIZOWT S, w28 L TREROME M Z & 5
DS, HeplZOWTH A S iEm 2 =3 b oo, & <IZu, <0.3m/s DFEMTITHAZET 2
BALMBA S — TR\, b)IMERRIEAF 7 — A TIE, Byldu, & & ICHIMEmEZ 5 2T, a)NE « W
MR — A LW ORMEZ R T DE D, u CH BN T 21 EB, KR E LR D03, £ DE T Toba
EHB =0.062 £V 72 D/ E W0, DIMERIRILE 7 — 21BN TH 9 2OfIKIEMFOEHAIC L > TT
LRI R DN EMT D E R E T2 K OISR A TV DR, KRE LTHER O RV koMK
W Toba fREBEAET 2 L O IEH L TWD D0 E LLzn,

ULOEBZROEREZ DD E, 2EDLITHD,

Da)Ni& - WIERIR 7 — A 2B\ TIE, Toba #REB D Hou, O/NMXFIBIEEIEITH, & & H IR,

LB RN ER T 5%, Wilcu, & & bICd 35, ZAUIB%EZ By, u. kU & T5%5A THIA
BRThsd, BOKE ZITH DN KE u, 28N ZWEIK T Toba E# By =0.062 %2 EE 508, EEEN S
WINLISAOH & u, OFEITIE 0.062 Z FRILZERN L 0D 2 &b, EEEHI DOV TDOBD Y-
fE1E 0.0586 & 0.062 LV /INEL 725D, Biopll DWW T HH Ul L CRED Z ENE 25D, 29 L
Hg & u, OZEACIZAE 9 BOZEE)E MitsuyasullZH-D < RERAUC K A BOZRE) LG T 503, Hy& Ul
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PEI By DZEALICEA L TiE, ZAnbTUIEL AL,
DN ER IR IEAT 7 — A TIL, BIZHJAZ DWW T a)NiE - WHEIEIR 7 — A L RO 2 H D8, w,il
&L CIEW o8 277, £72, BOfEIX Toba BB =0.062 ® 80 %fE/E L /NS, UgZ V5B,
DOELGE B TH D, WTHIC LA, bINERIRIETE 7 — A 2B 5 BB » a)NIE - PR IR 7 —
ADYE X VIRWEEIE, SR ORBENFERREIEZ LD LICLD LSS,

PAE, $EABERRDLENVOWIZAFEOMFE ZNAR IR L7272, iz nEReR-oTL
Fole, Sk, MROBEEIIED D L L HIZ, FREINTZRRKOMETH 2 REHIZ % 5 Toba &%k
DEBEFIRT — X DIENT D70 & T RSO BRMERET L OMEHIZ L > THRETT 2 0 ERH 5,

G. Kahma - Calkoen"® ! m#RE& I &k 2485t
BRCKCld fetchlaw & L C Kahma -+ Calkoen81iZ L DfRBRDNE5IH SN D Z ENZV, Thid SRk

I BT 2 BHBHIE R 2 FRE L TIREINTEBY, E =5x10%~4 x 10%2x% L TR TEEN
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E
94 = 6.5 x 1074 (G-1)
Uy
Tf” = 0.49F 027 (G-2)
L7=2»>T
H
‘iz = 0.102F%*% (G-13)
T 1
gup — 049 P;O.27 — 204(08)]‘:;027 (G _ 4)
ZIT, ®BAT, = 1L05TEZFAT 2L, K(G—HiX
T 1
g FO27 = 1.9436F077 G-5)

w,  1.05 x 0.49
(2720, Toba BB, ITRATERIND,

Hy /gT\"3/?
B, = (‘i—z) (‘Z ) = 0.102(1.05 x 0.49)3/2F0:045 = 376 x 10 2F 045 (G —6)

97275, Kahma * Calkoenl8IDFEER X (F, = 5 x 10*~4 x 10°) (Z5-3< Toba f2EB X EE & V9 &
D EOO4S |29 %, FOO4SIE X Mitsuyasulll DR A S CE 72 By X

By = 5.64 x 1072F%%%° : F = 1.6 x 10*~2 x 10° (G-17)
BT H_FREFIOD 2 FfEITHY L THEY, LVBOWE~OERFEEZET, FEICETHHEOE
By THD &,

Br,. =0.0612, Br, =0.0622 ; F, =5 x 10*

(BTKC =0.0722, Br, =0.0643 ; F, =2 x 10°
ToH %M b, F, =2 x10°Ti3 Kahma - Calkoen 2 453 <{E (Br,,.) 7% Mitsuyasu (255 < & (Br,,)
X0 Mo E, KRR L BITKE WV, WIHIZ LA Kahma « Calkoen OfRERIC LiuiE, Toba EHK
By =0.062 &9 BALRIZ Mitsuyasu OFERBRADLE LV —ESZ LV, £/, T,2 O EEMHMAT
D56 OB, 1%

G-8)

H\ /gT,\ ">/
By = (22)(222) =350 x 10-2F00% G-9)
P uz/\ u,

TREINDNPD, BrE D 7%NhEuv,
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