T¥Vvy—F)L HH14%
201543 H

= 3 AR IBHEE T T L SWAN DEAZRE OFE

Performance of the Third Generation Wave Model SWAN
in Ideal Generation Condition
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Masataka YAMAGUCHI™, Hirokazu NONAKA **,
Yoshihiro UTSUNOMIYA*** and Yoshio HATADA ****

Basic performance of SWAN model based on WAMCycle 3 formulations, a state of the art third generation wave
model, with 4 modes related to stationarity and dimension is investigated through numerical simulations under given
uniform winds blowing normally to a coastline (ideal generation condition). The main accomplishments are as follows.
(1)The 4 modes of SWAN each yield a slightly different wave growth including the equilibrium condition. (2)The
Westhuysen(2007) results regarding the relation between dimensionless wave energy &* or dimensionless peak
frequency f; and dimensionless fetch F*, which cover empirically-established wave growth, are well reproduced by
use of either stationary one dimensional(sz-1d) or two dimensional(st-2d) mode of SWAN with coefficient § =0 in the
dissipation term. However, the ratio of peak period-moment based-mean period with -1 order is much greater than the
empirical value of 1.05. (3)Wave growth by SWAN is strongly affected by the choice of the coefficient § in the
dissipation term and time increment At used in non-stationary(nst) mode. (4)Wave growth curves by nst-2d mode of
SWAN with § =1 are almost free from the given wind speed and provide overgrowth of both the Westhuysen(2007)
results and the empirical results, whereas the wave period ratio is much closer to an empirical value of 1.05. (5) The Toba
constant By of 0.062 in 3/2 power law may be roughly reproduced by nst-mode of SWAN with § =1, although the
calculated coefficient varies within a range of +35 % for mean of 0.070. (6)Experiment-based relation of & fp3 /g =const.
for extremely high wind speeds is not produced by SWAN computation with any mode at all, which may pose a serious

problem to be solved in the very near future.
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TNT NIRRE (57 %) 12K o THFS SAVTZ G- - HlfE - Wil S F AraE 72 2 3 i RRHER &
7 /L SWANU! (Simulating WAves Nearshore) [Z75177 % WAM 01438 D WAVEWATCH3 (WW3) & [AfRIC
free soft & L CTABI S, LvbHEEIE D Z L IT version up (2 X D EREELNIINONTND Z L, it
FEECRFIZAW DN TE 2, L7zA3 5T, SWAN OFERNZZE H 2 E TIZH LN S TN DA,
SWAN [ZIXEH (stationary ; st) & FETEH (non-stationary ; nst) @ 2 DDFEATE— K, 1 kJT (one-dimensional ;
ld) & 2%kt (two-dimensional ; 2d) D 2 DDFAT— RDEH4 SOFEAET—FRH Y, Lab ATt L
LTHRET 2 DT A= 2 Z L Linb, Dled &b SWAN 2 L7 FE Izl > Tdh %
HREGMOBPUTED Z LRZ N,

Z ZCAETIE, BRSO D LIZ SWAN (version 40.91ABC £ 7215 41.01) 12 & 2RO
ATV, B OAVIEIIRAE (v X —FE 23w & A ICRIFTENRT A= ORBLKRFT 5, 20
B, (%) EH & (HERE) BT OMICENL T2 TobaPod 3/2 FHNZI 1 5175 (Toba EALB, =0.062)
DEBRef,} /g (e PHRT RN —, fi 0 AT MO —7 JHEHK, g« BONMEE) OFBITERT 2,
A — 45t CIE M version (2 K 5 aFRAE RIS 1T 20,

2. SWAN =& 1T BFE5H

WAVDAFAEZ Rt & L 72 wave action DERAFHIZ AT FEX L 7§25 SWAN (Booijetal.) 123U T, wave
action (&2 WIHEIRT=RLF—) OIRHAZRTLHLD Y — ABFEIIOR) S O ATJIES,,, @R53IHID
HARTEAA AAEFHIAS,,, OPERIAS 33 D 3 TN DAERL S 41D, SWAN (IR L TEARRBRINE A §
73, Z 2 CIHEBEESRITT v b (BHAQ) JEEE, &8I LB AHS 7l (structured grid ; fEE LS 1) % V5,
FARE— F& LT Westhuysen HPEIDFHRFEROFEAZ HRY L LI2ER 2 ot (st-2d) E— RBLOEH 1
ot (st-1d) E— R L BHIA~OMA 2 REIC B W2 IFER 2 0T (nst-2d) E— R&EE LTHNS,

OO B DANTIHTILDFEEIHA L 3IEHBE (f,0) (B : 381ER, E(f,0) : HAA~T FV) OFLD
3%, AIZEHENTE A 256 AHAY) LARICRA TARTHY T 2 HRART Mva/"T A R v
7B THE A5 E AREL) bbb, ZITIFAOAED - BLOFELRETT 5, FEHICEHL T
WAM Cycle 3 (Z& 72 % Komen DER[L & WAM Cycle 4 12872 5 Janssen DERAILA & 5., Janssen DERAL
2L DL, BLFEOD storm xR E LIZFHRE CITMARREEZ 525 2 L BZWO T, Komen OER(LAE N
Do ZOty, W OEHUREC, 1T Wi AT L D,

1.2875 x 1073 S Uy < 7.5m/s

[(0.8 +0.65U;4) X 1073 ; U;p = 7.5m/s

Z 2T, u, c BEEOEEE, Up : 10m = EEUE, Th D,
QOIEMIEAREAEHIEIZ DIA (BRI AT v 7 2 LICef2EHE) 2 Wi REHRIC L 5,
@DWHEHIT NV AET MIIESSIRATH 5,

Cq = (u*/Uw)z = )

Sais(£,0) = —Cas {1 =) + 5 (5)} (%) <:_M),, FE(£,0) @)

T I, Cus:2.36 X 1075, k: J%%, k : EHIPEK, f: FBEMER, § PRI, Spy : Pierson-Moskowitz
(PM) A7 MV AR, T D, p =2 (72721, (5/8py)FRTldp =4) LEEL, § =0 L6 =1
D2 =A%, BHEFHEILZBSBT IZ L5,
HFE 7 /L & U IR B, Mg, 3 W3 BB S D, 2 TR AR LT 50T,

69



IO OEBUTIHAMMAEH L7, £72 SWAN IZE N 25T O L EEY 2 & £ 70 W I2idb
THTHY, EHLS D,

FIRT 2 HINTERELA T SVE() DFEMETH DIIRT RN T —e, TOFEHRD A EHETHD (F
) WEH (= 4Ve), BERJEIEEZ LIC52 DAL JEEERA XY RMVE(f) D — 7 i & i OEIC 2 YRl
M o LD THEE LIz AT LD E— 2 A, o 2 NI E— 2 AT, (= 1/f,), A7 bAO-1 &
F—AL ML ORE—AL FOHTERIND VEMT, 10 TH D, GHBEDOFREFLILA - BFEloRs R
ZH D EHIZ, EIEOFEBICRT LTl o IAEREEMITIIEEE L (Thoro = T
o, BUOtRg e/ul (=€), g*e/Ufy (= &), gH/ul(=H), gH/U}, (= H), wf/9(=f)
Urofp/9 (= f;))’ 9Ty /u. (= T;)’ 9T,/ Uso (= Tp)’ 9Tm-1,0/U. (= T;l—m) ~ gT/u. (=T"), gTn-10/U10 (=
Tno10) ® gT/Uyo (= T), DEZREN, wFRICxt LTgF/u? (= F)H 250 idgt/u. (= ) B L0V, #or
IZX L CgF /U (= F) B 5\0dgt /Uy (= DOWT OB E LTEbEND, Z2IZ, FIXWRLIRRE
IR CH 5,

KFGAEI 201401 (MEFERRIEA S5 & AT M), #RifRAx = Ay =5 km, FfHFFEAt =10 min, JEGH
Uyo =20 m/s, A 0° (MEFARIESA TIR) ZHARGAEE L, Westhuysen HEIOFERIZRT 5 HBEHR (EF
2Tt (st2d) EEH 1IRIE (st-1d)) 12k L CUy =10m/s TAx =1m, 5m, 50m, 500m, 5km, 50km,
500km @ 7 38 Y OFHE (RFULHEEL 1,000), SWAN O FEARVERETO 72 D IEEH 2 It (nst-2d) FHHIC
%L CU;o =5, 10, 20, 30, 40, 50, 60m/s D 78V OFE (i 2 D TIXEHIRELFD 72 DKL =96
h, ZHLIANTIdt =48h) <, FFEfRRALE X O T-RIFRAX D522 % . 5 T2 12Uy =20 m/s TAx =5 km,
At =2min, 5min OFH (t =48h) & Ax =10km TAt =10min DFF5 (¢ =48h) %1795, ZhbDHHEE
FOZNHLS DR (7o & 2 XM O NORERITH T 2IEER 2 ot (ns2d) HBEHR) T, #n%
At d 2 M CREBAM 2 FE H 5 \WITHi- ISR 5,

JERE T — 213 0.02~1Hz ® 43l (FREEREEAL/f = 0.1), 72721, Ax =1m, 5m, 50m Tl 0.02~
5Hz @ 59 &, JH7 —2 13XHBRAG =10°L 2% 36l &35, AWFIETH 2 2R KEHEU; , =60 m/s IZ%f L
THRKWRIEIEREF =1,000km Tf, =0.0353Hz & & 7%, Z 4L W ARJE A 0.02~0.0322 Hz @ 6 D A
7 MUEZ HODT, ZOLATHEEBARY M ZIRTEE IR T A= LTS ARSI K
76

UAF, 3. TEHE (o) - IFEF (nst) T— RN& 1%C (1d) -2 %It 2d) E— RO, 4. T Westhuysen
OEIOFERITKT 58T X &, 6. THMONORERITH T 28HELT 2 b, 6. TIFEHR 2t (nsr-2d)
SEAEEOME, ITOWTIER, 7. TULORELZE LD THESLT S,

3. F (st) - ETEE (nst) E—FK& 1Rk (1d) - 2xkmT (200 E— FO&EET

FRDO L HIZ, SWAN TIHEFR () T— NEIEHR (nst) T— N & WO ReEAFEICBI T 2 0B LW
1 koE (1d) E—RE 2%t Qd) £— KW ERUKIAEICBET 2 0B ThitTnd, LEeEd-T, &
1o (st-1d), EH2WIe (st2d), IEEF 1Tt (nst-1d), FEEHE 2 RoT (nst2d) OEFF4FEHDOE
— FABEATE D, ZZTEFA—OEGEDOL &ETOABEOET— FICL DT RLF— (m) - Ao HE
FERORE AT 5, G0, =20 mys, B W (GEEFRE A T 0°), KV 1,000 m (RS,
Ax = Ay =5km, At =10min, t =48h (nsrcase), f =0.02~1Hz ® 51 {fH, A0 =10°D 36, AHAY, &
T 5, HEETp =2 LEEL, §=1BL06=002EY ZH\5,

Fig. 1 1% (@) QT F—g2e /ut (= *) & BRITRIEIEREGF /u? (= FH) ORI, (b) ooy — 2 8
Wk f,/g (= f;) EF OBIRE J0e) B — 7 JAMIT, (= 1/f,) &-1 &K+ 0 E— A POHIZES LY
ST 1o (HFWEHITITIEESE) OBRES = 146 = 0DFHITONTENENG- 25, KD ihik
ISR T DU =10m/s (2% 5 Westhuysen 5P Fig.2 (F721% Fig. 1) MO atllo 72z A7 7 A >
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Figure 1 Relations between (a) e*-F*, (b) f;-F* and (¢) T,-T;,,—1, based on 4 different modes of SWAN with A
term for either § =1 case or § =0 case (U;, =20 m/s, t =48 h).

MR CIEL L 72 2N OBRE R T, Zinb, FMifIIMAICESL - 222 L TRV, FEFIThhIzL
Wi Ed, 2XDOZENF R D,

D8 = 1DHA, 1O T st-1d & st2d, nst-1d & nst-2d |THEAOITVMEZE 5- %2, ZOHC nst2d DM b
REVMEE & DS D, fr IO Thnst2d b o L b/NSWMEE G225, ZO8FRITE, Bl
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[ OWTHET VIS —E L2 BIRIT R H LR,

@6 = 0DEE, O\ T nst-1d & nst-2d & st-2d D3IEL, st-1d 13F* = 105~10°TEL D /h SV MEE 52
Do fRlZOWTIE, SR L, SR — B LZZBHRITRME SN2V, sd-1d 13F* < 106 TX Y
REWVEZ LD,

@6 =1L6 = 0DHADIILTIL, § = 1O5EITe B KOS 2B MHRA D7D, § = 00 st-1d ZFx
NTRRRE,

@U;o =10m/s |2k} 5 Westhuysen HPIE DORIFRTIL, 12k LTS = 00D st-1d ZFRNTS = 1B LTV =0
(X 2D O LD REWVEZ RS, —J, IS LTS =0DHAICL Vit EEZ 525,

TF 512, 4 DOF— N X2 HBIIASKH A 8T 213 Ch 20, SRIOERTIXEINCAD &,
B (1) LIEER (st), 1KIE (1d) & 2%t 2d) BLOSOEBERALND, Lhd, THHDORN
BIRICEWT—E L7zBIfRIZ /A 5 TR wy,

F72, Ty &Tmo1oPBIR (M Day i TiliE OFEARUE) 2/~ L7ZFig 1) b, DEDILENF A5,
®6 =1 DA, T, ~ 1.08T,_19, § = 0DHE, Ty ~ 1.16T_1 (PERICH D DT, L<IZs = 0DHA,
TRERIIZAF BAVTZT, = 1.05T (= 1.05T;,_1 o) PBIRASHEAL L 72V, W OfED 7 7 > b DN G, § =
1£6 = 0DHAEDT,ITZIUT EDAETENDT, ZiudFEL LTE—A Y MNEHIT, 1 o(= T)OMHEIZ LD
EEZHND,

X517, Fig. 213Fig 1 OF =X & (2o TS =0 & 1 ZNEND@)st-1d & nst-1d (1 ot (1d) T—
RTst & nst D7), b)st-2d & nst-2d 2RIt 2d) T— R Tst & nst D7), (0)st-1d & st-2d (st E— KT
1%t (d) 2%t 2d) D7), (D nst-1d & nst2d (nst T— R T1%&T (1d) & 2%t 2d) DFE),
ZRTD D B, RIARENZ BT (D) DR E G A 5, Fig 313 Il W TORKROKEZERS, Zh
BICkDE, §=1L6 =007 —ATRfy BB T 1y bER, 1d & 2d D —ADZETENZ &
Db, nstT— R TIX 1% (1d), 2ot (2d) 2L HTRERICE T 558 TH DO 2N P BN
L2 ENbID,

Fig. 4 I3 Fig 1 OFFT TS =16 =08 L72IEER 2 ot (nst-2d) E— NIZEES EHFIREE (¢ =48
h) TOWEH, ©— 7 AT, T—A MNAYT,  JAEOBREZNZIURT, ZUCkDE, 6§ =10
B OFERDE =0 DFEOFER L Y HIS KOTHTR LTI 8 % RE WA, Ty ol L T30 % & S HITK
T, 207w, Fig. 106128 2 nst2d OFER (<HI) 1242 X 912, § = 1OFAITIET, = 1.08T,_q 6,
§ = 0DBAITIIT, = 1.16T, 10 & 720, 5 TRERIZRBILRT, = 1.05T (= 1.05T,,_1 ) HRE L FD,

WA DI, WEHEOZREOEE (5§ =056 =1 ~OEH) |28V, R H, T,, Tn_1e) OF
BREME LT DD, ZOEEIET o1 ol T LTREL, § = 1OGEITREROISRRIIBIRT, = 1.05T(~

10
—— nst-1d, §=0 1d. 2d
— nst1d, 5=1 5=1
---- nst-2d, §=0 1d. 2d
. - nst-2d, 5=1 5=0
w p=2
2| nst
10 1d-2d
U=20m/s, A x=(A yy=5km,
A48=10° , f=0.02~1.0H=z
10’ 5 * 5 v

10 F 10 10

Figure 2 Relation between &£*-F* based on non-stationary one-dimensional(nst-1d) and non- stationary two-
dimensional(nst-2d) modes of SWAN with A term for § =1 and & =0 cases (U, =20 m/s, t =48 h).
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1.05T 1 o WTIEWV BRGNS Z L1270 D,

AT, Fig. B I3F—ZMFTp =2, § =1 & LIZIEER 2 RIE (nst-2d) T— NIZK2WORAEH (AR
DRV LML) OFBERT, SHEIFAEAY (4) OBEE, AHODVIZST A MY v 7 2Bk
SEE B2 D56 (AHEEL ;n-d) OREI T T, ZhUCk 2L, HDOZETSem UUT, T,0EBEIV

107 .
1d, 2d. 5=0
*
.._?.
102} 1
| 5=0
—— nsk1d, §=1 =2 =
ety 5 p 1d. 2d, 5=1
nst-2d, 5=1 U =20m/s, Ax=(Ay}=5km,
A6=10° , £=0.02~1.0Hz
-3
10 :
10° Fx 10° 10

Figure 3 Relation between f,/-F* based on nst-1d and nst-2d modes of SWAN with A term for § =1 and § =0
cases (U;o =20 m/s, t =48 h).

12 T T T T T 16 T T T T T T T 16
nst-2d mode nst-2d mode ] I nst-2d mode
Aterm 12r Aterm w127 Aterm
8r =
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N g T 8f
¢
T = =
4,
4+ 4
0 4 8 12 0 4 8 12 16 0 4 8 12 16
H (5=0)m T,(6=0)s Tiio (6=0)s
(a) (b) (c)

Figure 4 Relations between (a) H(§ =1)-H(8 =0), (b) T,(6 =1)-T,(6 = 0) and (C) Tp_1(6 = 1)-
Tin—1,0(8 = 0) based on nst-2d mode of SWAN with A termand § =0 or § =1(U;, =20 /s, t =48 h).

12, 16 16
nst-2d mode 1 | nst-2d mode ] I nst-2d mode
p=2,6=1 121 p=2,6=1 ] 12k p=2,6=1
8+ 2
<
S 2 S
< T 18
T = 5
4,
4+ 4
O0 4 8 12 00 4 8 12 16 00 4 8 12 16
H(n-A) m T, (n-A)s T10 (N-A) s

Figure 5 Effectof A termonany of H, T, and Tp,_,, based on nst-2d mode of SWAN with § =1(t =48 h).
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T-10PZEFZENZN0LIs LT THY, ZOr—A (Ax =5km) (2RI DAHDZZEITER L © 2,

4. Westhuysen 5P D#ERIZKT 2BRT R b

Westhuysen & B3 SWAN (23517 2 B IEI % O saturation-based whitecapping dissipation &7~ /L %38 A9
DIZERL T, Uy =10 m/s O—HRE TS DIRIBERIROIEEF R 21TV, "B LU IO T SWAN (2
BT 5 default fEi2 K B HEH & DLl %47 > TV 5, saturation-based model version TIEEHR 1 ot (st-1d)
— K (EBEERRAL /f =0.1, A8 =10°), Ax =1 m~10km DO AI 145 1-H8 (nested grid) 1Z331F DFHHE L 7
STWDR, EH () E—FELTH 1%kt (1d) FHED 2 %oe 2d) FHE)%E ST SWAN O default
2 WA R 525 TRV, 72721, WAM Cycle 3 IZB1F 5 M D3iE - EET /L, $7hbb
Komen (2 X DFEEHE NNV AET /L DWEHE (p =2, 6§ =0) ZEHLTVWD LB BN, AHD
Y HIIARHTH 2, SWAN @ default fE 4 JHV 12 Westhuysen HPIDFER Tlde* &L F*OBIfRIS LU, EF* D
BIRDF* = 10*~10° DRV TH 2 54, F* = 5x 10*~4 x 106 Tlde I KUY, (3£ £ Kahma -
Calkoen®BIDOFRERUIZ L AME S 1T L, F* > 108 Tlide* X Pierson * Moskowitz (PM) A< kLS
<11x103, fri5.6x1073 (C; =1.8x1073) (TS ZE0D, BEHEDORE LA 2wt 23 5k
ReBipEZNDH, T T, Kahma * Calkoen®DORERAI IR TERIRE LD,

€ =6.5Xx107*F*%°, fr =0.49F%%7 ; F* =5 x 10*~4 x 10° 3)

ZZC, @eHLY 7 & VT Westhuysen B0 Fig. 2 & 5\ Fig. 1 12351F % SWAN O default fEIZ%f
ST D BRUSy EF R T2DD, e R0f, DFHEI Y EIZ 1T DM 2 IR 5720, H LR E 27
3IRD 1 RIEAT T A VB X Db (X Sp =100, /78T A—%1=0.1) Z17-7=, AfIZK
UL, BONTAERIIITCORK EDRY ISHFETDHEIICHZD, T 2T, W 2 RIu(st2d) st BOHIR
SEER 1Kot (st-1d) FHEZITHY> 2L E L, Uy =10m/s D E1Z201x401 OFEIE TAx =1m, 5m, 50m

(f =0.02~5 Hz ® 59 fi#), 500 m, 5km, 50 km, 500 km (f =0.02~1 Hz ® 43 fiil) @ 7 i@ Y Okl

(Ax = Ay), A8 =10°, ATEH Y (st-2d) HDHWITATER L (s:2d BE W st-1d), WEFEHEp =2, § =0 DA
Zhz2 7z,

Fig. 63 st-2d B— RIC L De* LF ORI KOS, LFORfREZRT, [XIZIE Westhuysen 5 PIoiE FIZ AL
SATTA v (FEb) i#ib 522, ZOMOFHER CIIE MUOEESERND 5 A v 2 FREOHKT
JRTTIEENLARE & OOHM 2 BT 2RERPE DD L OO L 2R AZZBE LT, 20 2 %D 10
Ay afEHIRL TS, el oW THERRIZF DR E WA Westhuysen HENZ X5 60 L IFIEHF
BTDHN, FIWNEVEEREDDOMEE G2 D, [l DWW UIRAMRIIF VNS WGEIT NS DO E
ECD, T7hbb, ZOF OfETIE Westhuysen HEIDFER L E~Te (HDVWNIH), T, & HITKELY,

Fig. 713 st2d — FTABEEL & LIZGEORRTHY, €, fy & HIZ Westhuysen HPIDfERHT7ZIC
Nz 7= Kahma * Calkoen®IDfER (OHD) &7 VIEWVMEE -2 5, 72721, FHRMRIIEKAR L LTz
NWTRRREODIE, fIONTHOTNTINSODEEZTRTN, TOETTEAEFE TR, 7205,
F*DVNSW & ZATITAHDOBE O S DFHREMERICET 5, £72, Westhuysen HEIDFER (F* = 10*~10)
IF* < 10* THEALILTWRVA, &, [T bIELNREIEZ L TND,

PAEDZ LD, Westhuysen HEICH X b KOFMY WEEEZEET S L, T2 TOAHMEL &3 55
BT Westhuysen HEIOFERAIZITHET 2L 52 LD,

DT, Fig 81FATHMEL &4 57EH 1 L (st-1d) FHRIC L 2" B L O L OBRE ThENE 2 5,
I CORERMREITFig T OfRERLIFEA LR U2 ® 5\ E Westhuysen HBIDFERIZ Z < O3 oTimn2
&, Westhuysen 5PNZ X % default fEFFH § saturation-based model DA & [FIRRIZE R 1 kot (st-1d) 7
FCd D ATREMEA E Y,
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Figure 6 Reproduction of (a)&*-F* relationand (b) f,-F* relation by Westhuysen et al.(2007) using stationary
two-dimensional(st-2d) mode of SWAN with A term and § =0(U;, =10 m/s ; Ax =1 m, 5 m, 50 m, 500 m, 5
km, 50 km and 500 km).
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Figure 7 Reproduction of (a) e*-F* relationand (b) f,/-F* relation by Westhuysen et al.(2007) using s¢-2d mode
of SWAN associated with parametric generation in place of A term and § =0(U;o =10 m/s; Ax =1 m, 5 m, 50
m, 500 m, 5 km, 50 km and 500 km).
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Figure 8 Reproduction of (a) e*-F* relation and (b) f,/-F* relation by Westhuysen et al.(2007) using stationary
one-dimensional(sz-1d) mode of SWAN associated with parametric generation term and § = 0(U;, =10 m/s ;

Ax =1m, 5 m, 50 m, 500 m, 5 km, 50 km and 500 km).
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Figure 9 Relation between T, and T,,_;, based on either st-1d or st-2d mode of SWAN associated with

parametric generation term and 6 =0(U;, =20 m/s).
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Figure 10 Reproduction of £*-F* relation by Mase et al.(2001) based on nst-2d mode of SWAN associated with
parametric generation term and § =0(U;, =20 m/s, t =48h).
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Figure 11 Effect of time increment At or space
increment Ax on &*-t* relation based on ns-2d mode
of SWAN with A term and & = 1(U;y =20 m/s,
t =48 hand At =2 min, 5 min, 10 min for Ax =5 km or
Ax =5 km, 10 km for At =10 min).
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Figure 12 Relations between (a) ¢* and F* and (b) f, and F* based on nst-2d mode of SWAN with A term
and § =1 under wind speed condition of any of U;, =5 m/s, 10 m/s, 20 m/s, 30 mv/s, 40 m/s, 50 m/s and 60
m/s(t =96 h for U;y =5 m/s, 10 m/s and 48 h for 20 m/s to 60 my/s).
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Figure 13 Relationbetween T, and T,,_;, obtained under 7 wind speed conditions using nsz-2d mode of SWAN
with 4 termand § =1.
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Figure 14 Relations between (a) # and F and (b)T, and F based on nsi-2d mode of SWAN with A term and
6 = 1under wind speed condition of any of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60m/s (t =96
h for U;o =5 m/s, 10 m/s and t =48 h for 20 m/s to 60 m/s).
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Figure 15 Relations between (a)ef,’/gu. and F*, (b)By, and F*, (c)By and F* and (d)ef,’/gU;, and
F based on nst-2d mode of SWAN with A termand & =1 under wind speed condition of any of U;, =5 m/s, 10
m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60 m/s(t =96 h for U;, =5 m/s, 10 m/s and t =48 h for 20 /s to 60 m/s).
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Z LTl =30 m/s DFERAU DI E & BIZENTIET D03, Uy =30 m/s TIXETIFITHT L TU OIS
EOTHEVE LR, TOMITHEHNTL 5684 x 1070 LV R K 2f5EREV, £/, SMBIEIC L 54
FIIPREOM (K111 x 107%) OfEz & 5,

ARIOFERIZ I, gPe/ul, u.fp,/gxef) /guliTUsy (DDWFu,) DFENHED A LARNDIZ
X LTC, UpgFRRIZ LD 26 DFERITIIU, DN LT 2 DBRKRE RFHETH 5,
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& Z AT, Takagaki OWNImndEGRAREIZ 31T 5 FERE I 2 W TZIRGTT I LDV T, I 30T
DME Rz ef,} /g (/s DHAL) OREE LTERRSND Z &, TR Def,d /ghiUy, >35mis &
5N Iwano BT 33.6m/s TLIRfE2.27 x 107 % L 5 Z &, BIVef,’/glFBRIVEGELL T CTldU,o It
B4 5 Z LD, MEEHEHUHRICIC ERRME2.55 X 1038 FETH Z L 26N Lz, ZRHIiE 10 m &
FEHEGEDY 70 m/s 1T R S imnd R A SEBROAE LU, <20~25 m/s LA T DJEGRSMEIZ R 1T B /N
OHHBRFERICHES LOTH Y, BHMA 7 — /L TINNENLT D0ENIAHATH S, L, Uy,
28 30 m/s ZiE 2 BRI COBIE RO AFIHTIERATEETH D005, SWAN IZ L DFHEERE AW TZ o
FtEa T~ 5,

Fig 16 [ZWRIAHEAEF 237 A —2 L LT () ef,} /g (/s DHNL) Lu, (mis) OBIE, () ef}/gu. (I
o) Lu, (ms) OBREZET, SWANIZHEITH Wu 2T ()TH Y, Uy =269m/s 12335 €4 =
255 x 1073 % L[RIEL %, (@) M Tldef /glFF PR EWVIZ ERR AR Tu, & & HITHINL, Uy =269 m/s
(XS Du, =136 m/s TIFTHIZR D% E 2 IR S 720, (b) MIZB W Thef? /gu, 715 x 1073~2.8 x
1073 ORGP TFAVN S VIEE NS WMER L T2 T, efd/gu. (= B2/18522 = B3 /16) %, >136 ms |2
B Tus HTHAI LT 228 6 b7,

I DIZ, SWANIZ & - T, EEF RO BB NTef) /93Uy >33.6 m/s TEHZ & DR
BHBTERY, ef/gu, =constl (BEUOTHE) 1TH? «cu, T} (u, <136m/s), &f,}/g =const2 (m/s DHL
) 1FH* « TP (u, 2136 m/s) 2R TH, LREZRITTZCROEPL->TH, ZOHEOHBIIAT
HRTHY, ZOHRIIAHTHL,

x 107 *
10 : : ‘ ‘ 3 x 10
—— F=5km —
9 —_— [
F=10km nst=2d mode — ]
gl —— F=30km ___ p=25=1 L
—— F=50km Aterm I —
_ 7 —— F=100km ——
g —— F=250km 2
< 6 —— F=500km .
2 | —— F=1,000km Z— 3 % I
%= 5 o
©, r N —— F=5km
F=10km nst-2d mode
3 ————— F=30km — ] p=205=1
——— F=50km Aterm
2 —— F=100km
—— —— F=250km
1 —— F=500km
0 0 —— F=1,000km
0 0.5 1 15 2 25 3 35 0 05 1 15 2 25 3 35
Uy (m/s) u, (m/s)
(a) (b)

Figure 16 Relations between (a) ef,’/g and u, with a parameter of F and (b) ef;}/gu, and u, with a
parameter of F obtained under 7 wind speed conditions of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and
60 m/s using nst-2d mode of SWAN with A termand § =1(t =96 h for U;, =5 m/s, 10 m/s and ¢t =48 h for 20 m/s
to 60 m/s).

7. % &

Z 2T RRRSE T3V T SWAN versiond0.91ABC 3 5 WM& 41.01 TRIEE S5 B DR 2 71~
7o BFONIFEROEINISED L D TH D,
Q4 >OE—F, TROLER 1 It (st-1d) EEH 2 KTt (st-2d), IEER 1 kIt (nst-1d) & IEEH 2 Ik
7t (nst2d) DFE— RIZBWCEHR CFHf) IREETHg2%e/ul (= e)0uf,/g (= f ) AR Y, Ly
Z OB ORNEHRIC KT L RN R SN2 b, ZREROZ Y E2 IS T 5 OIXREET
D, 12720, nst-1d B— R & nst-2d &— R CIIHEHEIZI T 24856 OB HfEICHN, 6§ =1 D7 —X
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TS =0 D —A LY =xvF—e (JRH) L —7 AT, ARE FHS D,
QBLFE R ORI B3 BivTzg?e/ut (= eDXuf,o/ g (= f) LgF /u? (= F)DOBIRB LT PM A7 |
MZ R DB COMEAIZIET R T DUy =10 m/s FefFTOD Westhuysen & Blodik BT RE DI A THA FHEE L

(RTA=ZET VTR, BEHEIZBIT 558 =0 O & TOER 2 ot (st-2d) BLOEHR 1 Kot

(st-1d) FFEIZEVIZFHELNDD, ZORERITRERA2BIRT, = 1.05T(~ 1.05T,_q ) iz X720,
@SWAN (T L 2 3HERERICITBER RIS BT RS BIEF IR & < B 5,

@SWAN (2 X% nst-2d FHELOHKE B IIREFIFIEAL O A 55 72 508 S ORFEHEF A3/ S UEEE & 38 R B

(duration-limited condition) D772 & FHRIRAE (fetch-limited condition) (ZHWT HELILD, & OFREEITA
FHCREET D, —F, BT HREAx DA B REEIIF VN ST EEREE (fetch-limited condition) TAxH 4L
5. T OFRREIIFIERPE (duration-limited condition) (21T DAtDEBEDEE LV /NE L, WEHFRTIEIE
EAEBIE L LRV, ZHDZ b, ANRGHTK U CGGHRR IR 2 L IZED Y, —EiIZ
EFEDHESZM, £z, AHOAY LM LOELF VNS WGEAICRD HND,
®Uyp =5~60m/s D 7TFEFHL LIZATHAY, 6§ =1 Db L TOIEH 2K (nst-2d) FHHETlLe Of, 106
2 BHEATFIEIRIE & A EF DALY, Westhuysen 5 BIDE FOBIRIGE R DHEE S De* L) REfy &
DINSVMEZ AT DT, T, = 1.05T;,_y o DBIRZIZITIE T D RERMBE BN D,
© 7LD nst-2d RN DR DTz g?e /utou, £,/ g L gF /uZ DBRICEWTIO TR ~7= K 512, BEIHDFE
BT T, TNZIURE | ROTUKHRTELDOND, —7, g2e/UfNUsof,/g & gF /UZ DRIERIC
BOTIU  OFENTNT, BipDU % H D 2~3 DOHDOIREEC /2 5,

MSWAN D nst2d 55 (5 =1) 2L > TH BT Toba #REBr 1FF* & & 12 0.066~0.073 O TEILL,
SEVE T AHAUTREBRIE 0.062 K V) 10 % KRE N, T70bb, BONIEBIXERE S 2720, FOEHEhE
PHIEZE DIEIE 0.070 DS %LANTH Y, EHUTEWEEE SO,

®u, >1.36 m/s &\ o 7 B EEHRH TGRS K B Fef,d /g —EfEE & 5 & @RISR 5155
U= ZE BN EC, D EBREZ 7% 72 SWAN IZ K - THFBLTX 220,

PLEIZIR 7= L5912, —FRESGAETOD SWAN (BZ 5 < WAM X° WW3 & W o 7ol s 3 AR IRHE R
ETVY) OFENIIAEN A b D 7R A, BUEEE TIXREIT MSM (A Y A7 —LET /L) IZLD
W LR % NJ15A & 575 SWAN OBGRHERFESR G, JAHD 1R OBIIRER & 2272 0 < kbis
THZERHHOBNZ Lo TURENTWD, £z, AHTD versiond.01 TIECLHIIBIL T Wu ARUFHIBRS
N, Ujp =31.5m/s THRKNME (2.03x1073) % & > 720 b audiE L+ 50, %52 % Zijlema U0
£ 5 2 RARKDHPRHENTNL DT, @EGEREORE S - ORI L 0 #ifil S S ERICH 5,

WTIUT LA, ef} /g DEBUERHIZ 31T 2B GBS OWIRMERE 7 /U L2 BTSRRI S Lo EE
HETH 5000 L7,
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1. BERE - BERXADOFZEDRKRET

ZIZTIE, Upp =20 m/s DFMFOH L2 SWAN (ATEH D) XL DIEEH 2 ot (nst-2d) FHHEZARLE.
THET L 7=@Komen 2. (p =2, § =1) TOWu AU L 25HE L 0@2 AU L HC,0E4A, (Blanssen
2 (default fEC 5, = 4.5, § =0.5) DA, @Westhuysen 5PIDJEE (default fEC,5, = 5% 1075, B, = 1.75 X
1073) TWu ARIZ L HC,DEHD 4 /r—AZDWTAL =10 43 TfTo 72, 22T, Zijlema HUNZ X 5TIC
B2 2 k=i

Cq = (0.55+2.970 — 1.490%) x 1072 ; U = Uyo/Uyes, Upey =31.5 mis Q)
TRIND o Upep (FHMEREHTH 5, 3(9)FT = 1(Uyo = 3.15m/s) TCy = 2.03 x 1073(u, = 1.424 m/s) D
RKfEZ &Y, Uy =5m/s T0.98 X 1073(u, = 0.157 m/s)iZ, U;, =60m/s CT0.80 X 1073 (u, = 1.698 m/s)
AT 5, 12721, Uy =25m/s T1.97 x1073(u, = 1.109 m/s), U, =40 m/s T1.92x 1073(u, =
1.752m/s), U;o =50 m/s T1.51 x 1073(u, = 1.943 m/s) TH L5, Uy =25~40 m/s DI DC, DZEAIE
IV, WFRIZL A, Uy >31.5 m/s TCIERADT 5, £z, Uy =51 m/s TCy =145%x1073(u, =
1.944 m/s) &, u, & LTORKI 1.944 m/s & & VU o >51 m/s Tllu oL /h&<7ed, T77bb,
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Upo DTEDIMIIZ X B Fu, <1.944 m/s IZINZ HiLD, THREE L TERYDENFEORMNRS A 9,

Fig. Al 12 4 BEOFHAERE (a) H-tDOBIR, O)T,- tOBR (QZBRL, W bIXOMERZ BT 578
IZF =50 km, 200 km, 1,000 km 3 7—2), (c)e*-F* OB, (d) f;-F*OBRE LTRIRLIZBDTH
v, (), (d)XIZiX Westhuysen HEIDFERITH 35 27T A iz 52 %,

@Kz k% &, Komen & Westhuysen S CIIHIB LOT, I3V be s & HITHIRL, FAVNEWEL
RN i S B OPHRRIBICEET 5, ZOEIZF DR EXWIE E Komen OEEIT0ORKE VY, Janssen 20T
IIH, T, & HICHEIMORXEL Y B THY, & UTFHVNSWIEE overshoot (EFEE) % - CIAHIEIZEE
T 5, FHAESHF =1,000 km (25T DT, ZBRNT, i 2 UK 2EI D REV, ZOFRE, (©) KD ix
F*e & BITma R L, ZOfEIE Janssen AT HRE < 2 SO Komen HX> Westhuysen AT LD /h&
WV, (D RDFATHONTIE, 2 b ORI MRS 5, K VFEICA D L, WuAlIs L0 2 REAFRDC,

(AT Du, A %E L0 KEW) 2z Komen :THE, e°%0f, 1 KOFHICRIETu, DEMOER B
WIBRER & 5 2 L, e B KU IS 2 Milh# X 2 A EAUEITE R V) XRIDI-D7 720, £ 72, Westhuysen
AU X De*1F Komen SYZHATF > 5x 10°T/HEL, FF <5 x 103 THTRE D, f 3B %
5.2 %, Ujp =10 m/s 1256 LTS A17- WesthuysenPI Dk Bl 5695 2 7T o rRlllifR & ORIRTIE, W
FTHORR BT L TIIRE <, fIZBALTIINSV, BLED X 912, Komen 2 (Wu A0 (2L HF5R

15V""'"'T'"'"'"T""'""T""""'T"""' 15vvvvvvvvvyvvvvvvvvvyvvvvvvvvvyvvvvvvvvvyvvvvvvv
[ nst-2d mode 1 1
: p=2,6=1 : F=1,000km|
| Aterm F=1,000km | il
10k U,0=20m/s ]
I i I F=200km ]|
&t F=200km 1 » E
T : i F=50km ]
5F — 5r /' nst-2d mode 1
I ] | Pm2e= Wu formul ]
r Komen(Wu formula) F=50km Aterm §omen( u formula) ]
I Janssen | Ug=20m/s nggtshe: sen(Wu formula) |
0 1 Wesﬁ]uysen(Wu (ormula) 1 1 O» 1 1 fv Lo
0] 6 12 18 24 t(hr)30 36 42 48 0 6 12 18 24t(hr) 30 36 42 48
(a) (b)
—2
x 10
10° 5 { {
‘ —— Komen(Wu formula)
Komen(2nd order eq.)
nst-2d mode 4 —— Janssen 1
10°—— Aterm " ——  Westhuysen(Wu formula)
U10=20m/s > —— Westhuysen™
= 3 i
" 102 il nst-2d mode
/ Aterm
A 2 = Ugpp=20m/s — ]
—— Komen(Wu formula) =
10" Komen(2nd order eq.) \
—— Janssen 1
—— Westhuysen(Wu formula) S
—_— Westhuysenm
100 l l 0
10* 10° 10° F* 10 10 10* 10° 10° Fx 107 10°
© (d)

Figure Al Relations between (a) H and't, (b)T, and ¢, (c)e* and F* and (d) f, and F* based on nst-2d mode
of SWAN with § =1 under wind speed condition of 20 m/s with t=48 hours duration, in cases where any of 5

combinations between dissipation term and C,; formula is used.
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ZHAEZ L THIUE, HOT, (2B LT Janssen 2UTH K72 {EZ, Westhuysen 2UI/NSHDEE 5%, 2 Rk
FRDOCATIIE BITNSRENTFHND Z &I D,

Fig. A2 13T, & Tpyq 0 DEIFR A (a) Komen T Wu AFAEH],  (b) Janssen 3, (c) Westhuysen 20T Wu 43K
FEHOGEIC W TERZRT, (@) KD Komen R TIIAE fa, =1.08 THBERAT, = 1.05T(~
1.05T 1 NWTIEWVMRELE & ZDIZx LT, (b) D Janssen KTla, =1.17, (c) [XI0> Westhuysen Tl
ap =115 L0, WTNHEEDPRBRROZNI 00720 K& 725, ZORRKRIICOWTL, fEINE
JEREIA T MIVE(f) DIEIREZFR DB D 5715, BUR TIZE DB - TH7Ruy,

Lo X Sz, JEREOIRAE « A Komen 2D IE7)> Janssen 20X° Westhuysen 202 X 5354, Komen =X
(Z R DAERZE AT LU, Janssen Tlde (H2DVNIH) B LOT, DK E, Westhuysen JQ’C“ Ih&E
DDIEENIHHIVD, ET2, Ty & Ty, PBIFRIZIIT 2250 % Komen 2 TITRRERADHHREL 1.05 (28 <, ﬂﬂ
D2RTILLIS 2Bz 5, 728, Wu ARMEHO Komen 2 TIEF =1,000km (¢ =48h) (ZxF L TAL =10 %3
TH =9.65m, At =5/7CH =9.63m LAtDFENIT L A EHB LI/, —75 Janssen 2UClEAL =10 43 T

H =100m, At=5%3TH =924 m L EITN7RVEZELD L EIBLT D,

16 T T T T T T T 16 T T T T T T T 16 T T T T T T
_ 7 — 7 —
T,=1.05T,. 75 T,=1.05T,. 75 T,=1.05T,. 75
1ar Komen(Wu formula) ] tar ] 14r Westhuysen(Wu formula)
12 nst-2d mode 12 Janssen 12 nst-2d mode
[ p=2, 5=1 1 [ nst-2d mode 1 [ Aterm
Aterm Aterm Up=20m/s
10F Uy =20m/s ay=1.08 7 10r  U,=20m/s / ap=1.17 7 101 ap=1.15
] %) ) »
= 8r = 8 = 8
6 6 6
4 4+ 4
2 2F 2
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Tm108 Tn1,08 Tn1,08
(a) (b) (c)

Figure A2 Relation between T,, and T,,_;, obtained under 20 m/s wind speed condition(t=48 h) using nsz-2d mode
of SWAN with any of (a) Komen formulation(§ =1)and Wu C,; formula, (b) Janssen formulation and (¢) Westhuysen

formulation and Wu C,; formula.

25_ --------- e e e e T

2. 2 RAKTRDC,HIZED (&5 [ nst-2d mode ]
B2 Uy =5~60 mis @ 7 FENE LEEBAOAT 2T hom ]
6. 1B BIFEH 2 T (nst-2d) FHFCIHNT Wu - Cgi2nd ordereq. ]
ARUZRAT Zijlema SIS L5 2 RkFROCRE 19 a8
A LA O R DT Tl ~ %, #HEAtIsr & | ]
6. IR T WD, Uy =20m/s |25 BERIE ik 10F . Zzzj%”,@s .

. THZTWA [ n Uy p=20m/s ]
Flg A3 1% 7 FRSIOD A 4T LTl b T o® 8 ' o
BRA T, S b I3AR e, =1.08 OEMK CIELLE j :g;g gggjg ]
I, RRBRIICAF ST, = 1.05T(~ 1.05T,_10) & b Ot

VAN BTN Tm10$

Fig M 2 @er e Fr ORI, b f & Fr ORIk, Figure A3 Relationbetween T,, and T,,_;, obtained
(©) e*f,* & F*OBfR, (dBr & FFORR, (H(=

gH/UR) & F(=gF/Uf) @ B, () Touio(= gwaN with (6 =1 and 2nd order polynomial for C,.
9Tm-10/Uso) EFOBRZ =T, (@), (b), (6), (d) Kz

under 7 wind speed conditions using nst-2d mode of
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Figure A4 Relations between (a)e* and F*, (b) f, and F*, (¢) &*f,;® and F*, (d)B; and F*, (e)H and F
and (f)T,,_1 and F based on nst-2d mode of SWAN with § =1 and 2nd order polynomial for C; under wind speed
condition of any of 5m/s, 10m/s, 20m/s, 30m/s, 40m/s, 50m/s and 60m/s(t=96 h for U;,=5 m/s, 10m/s and t=48 h for
20 m/s to 60 m/s).

I% Westhuysen HEIOFERITT 5 277 A L Plih#E & Mitsuyasul M2 X 58854, (e), (f) Kz
Wilson'1> SMB {EICEE SR, #54%x %5, Z 2T, MitsuyasuNZ L H%ERAUX

H* = 5.24 x 1072F%504 T, = 1.00F%330 ; F. = 1.6 x 10*~2 x 10°
ThHY, ZhHbREAPHELND (Lo ),

£ =1.716 x 10~ *F1008 fo = 1.00F, 70330, S*fp*3 = 1.716 x 107*F*018 B, =564 x 1072F0009

JF = 1.6x10*~2x 10° (11

INBICkD e, MU ICESTE L EBIZ (@ HDe 3R, O HOLIEHD L, W blidE 1 Ao
TFEHE TR I D, Westhuysen HEID X 7T A Ul ahi#f & R TEREHHL (@) M oe* TlakE <, (b)) KD

(10)
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[T h S, 2 b 0ZEENE Wu ARE W 256 LEERIC DR LT ERIN bXIST 5, £72,
(©) M De* ;350 (d) DBy DF 145 28 b Wu AT K 256 BT 25, ZO5A, Brld 0.067~0.074
ALV, FrL L BICETEIT D0 T, A6, OFELHEVEDLLARY, UL, [F—0DU 2k L
TWu ALY 2K L DuIVNSWEDF e I TRELS M ESL<RY, ZORR, €, f, €173
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Figure A5 Relations between (a) £f;/g and Uy, with a parameter of F and (b) ef,}/gU,, and Uy, witha
parameter of F obtained under 7 wind speed conditions of U;, =5 m/s, 10 m/s, 20 m/s, 30 m/s, 40 m/s, 50 m/s and 60
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C4 under wind speed condition ofany of U;, =5m/s, 10m/s, 20m/s, 30m/s, 40m/s, 50m/s and 60m/s(t=96 h for U;,=5
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