WAM 130 Z 57 4
YR

XEBFINAEBE REPO  BEFRAME

H =

FRAIFIAE WAM ISR R R L TR RS A E T R BRI IENEIR TR - WAM
EREERSZCRREER - B s FE R Tl Bl 2 R B 48 5 AT
() Janssen JEREEIA o IRAMEHE WAM R FHBIRRRATRAZ SR SR LU R Al IR AR
TR ER AT T L EBRRE - #5308 - WAM BEATARMERER S EREAMERX - 36
PSRRI BRI EY & - AEEREESREMMIRER o WAM [HEREEER T a3
ARSI AT - WAM HEAMERALTE Cray-YMP SHEM LR - 24 /NERAYIRIRTE
HIREH CPU 4 HEAFIRIRFR -

~#E
L =]

SEERR FAANTERNE ERGRAE RIS NI  IBEHEE - R R RARE RN
W - BELENER IR ESEE - ILaEL HEEP - AMMTENERNTE %
€ B 5\ ik (Empirical Formula) @ {§] 40 SMB #5571 ¥ i (Sverdrup and Munk 1947 »
Bretschneider 1958 + Shore Protection Manual 1984)  PM 3 3% 73 (Pierson and
Moskowitz 1964} * JONSWAP 5Lk (Hasselmann et al. 1973) » ZEFIRIEF FH ik HeH
% 5123\ (Radiative Transfer Equation) BEANFE XA EIREEER (SWAMP Group
1985) o BETRSCEIEREX EEAT RIS ZABRER » WAM BEEH P —
HESRE AT R R A S ERIRAR Y E(EFIRTANEFAE & MRk » (BRRERER D
B EERE MRS - (EAHPMERN—RMETFEER - HMTAE “EER R
B (BHEFPRIREVESEAE FARE » (RARFTAIA 2 - ZEHRIRREER D - HRETY)
RIYTHIARE 5 BIEHEAYEIE (propagation) ~ i(L (shoaling) - #74T (refraction) AR
JRIA (source terms) o HAFAEZRIFEIEMEER A (wind generation) » FEiR{4:(ERI R
W2 A (nonlinear interaction wave-wave energy transfer) 1 ¥ GEIH £ (wave
dissipation) Emlf:bf’ﬁﬁith » SRAFTE E e AN BREIBFE AT IR - FEEREEAR
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HEERVEMY IS EHENERGY - HenEEWEAMENIEE 2— - AtLLEBIRY
B R A B AT - BRIk 2 4t BE e MaEEAE - GIANEIRAESY
(diffraction) » JEIRFHIZKFIAIAHEFER (wave-current interaction) 2 » SEARPHANAE N -
BHEAY MRS EYEGEARES - SCBRHIIF AR » SEBIVARE (sec-
ond order effect) EIAEFIRIEN FHEMRRITNZEDT X FH A R RIS T
B o WIS 2 WEERXBEFRANS =NRER » BERETEERRIPEE - (BHE
BT e TR B BT o MRS A MEREATE Y HERREERR
ERRIRISS - WA TN TG > FRINRIRE B (super-computer) THEHERE > B
AR BRSSO  EBINAFE L RIBR TR
T CIRAFIG R WAM R B R S TR IR A L B -

— BRI ER

WAM ZHVE WAve Model {98 + WAM #N RS {EFIH Hasselmann $EREHZRAT
% A48 LA Hasselmann SE R WAMDI Group (The WAM Development and [mplementa-
tion Group) MR A Efth 7EIE A A BB A G B X _E M PAME IE B (The WAMDI
Group 1988) < Hel] WAM RN EEIUEILAR > Wamodel Cycle 4 (Gunther el al » 1992) o
WAM X 2 RRER SRS ENES > CREEEETER (radiative transfer
equation) BSELAN S »

3E 8 C¢' E o CA E aC_E

+ + + i =Sin+8ds+8n1 (1)
at 8 ¢ A a0

RHPE(G > Aot £ 0) BRASHRER (6 \) FEHIERICRERER - « R - o
FUHETE - OB~ (C 0 C, 0 C ) BWIRIE (&0 A 0) EEHRNEEEE
WA S, BREEFRRNKERAGER () > S, BEEGBRER S BIMRE
{1 I 2 A O AR 8 2 R R M B

ERFEARAIERT » BiEEEER

do C, CosB

Cy= = 2)
¢ dt R
dA Cg Sin8
C\= = 3

dt R cos¢
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a0 Cg Sin@ tand
dt R

A C, FEREEHA - 7RG KRR R ¢, = g/(2 7)) g BRENINEE > R Bt
e AR

SWHER AGEEL S, HA FRFI Snyder AR (Snyder et al. 1981) BLUKE ERIFBEISOER
(friction velocity)u, fCEFFRSE 5 KEHIEME Us(Komen et al 1984) > EEWHE—F - KH
Janssen AR MELMETRER (quasi-linear theory @ Janssen 1989 » 1991) JALMELE » BAFES
| (SIS A PR SRR R » SERATEMERY © Janssen FIEHEREREA S |, BRI
WitE ME ] (wave-induced stress) HRAEHIHIBATR © LT 35k e Rl A B e FE AL B =0
FE (roughness height) HRf - WA CERE

S.=7,;, w EG0) (5)
Fiw=2 x f BFASEZE (angular frequency} * 7 i BR A RE

pa U-R
7 B— COS(O —¢) ) ? (6)

Koy FEERERE o, BYPKEE » CBHE - oFBA -

o

B=—pn*{y) o=l (7
KZ

A K & Von Karman 8 8 =12 » u=kz, SR H S (dimensionless critical

neight) » i k IR (wave number) » Z B EE FERE (critical height) BRFE 5 TR

SR o SREE TS T B EUBTAR (wind profile) PAXEEETRE (roughness height)Zo o
— i BAER7EK S LA R B R

r =Cd U*(L) (8)

AP HRE
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C,=| — 9)
L
In(——
Zo
FHRE =
AT
Zo= / J 1—Lw ao
g T

AP L BEEEEEENTYREE - «  BEltED

T,=p,] 74 w E cos(O —gp)df dO a

EHIREA L - REEHSFARRAZ Y - SR oRESEEERR (old wind
sea) HYERT » B ¢ AIEH charnock BI{FER o
ORREBFEER

Komen 5 A (Komen et al 1984) {8 Harsselmann(1974) BIREE TS (white capping
theory) TEHHAKEEIHFLEER

Sy=-7, E 12
1 k k

Y s=— Cy <w>(<k>g)? [ +( )2 ) a3
9 <k>  <k>

ANFEHC, = 4.5 > AT <o> o EWE <k> IR HZE (total wave variance)
eB

<w>=¢g L JEU1,0)w df dO 9
<k>= g1 ffE(f,0)k af dO )
e = JIE(f,0) df 46 16

HARRRWD > S, A1 E REEERIERIE - BN » AR R R A A T
LB < SEEEERIA Hasselmann BRRKEIRRG « JTHZAMS NN T K> BTERH AT B SA 50y 1
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KR SR TS I — TE R K R T SRR RE S

T Dk
S b f - - E 07)
g? sinh? kh

FAHT = 0.038m/s » h BBAKEE o

ORI ERR B REETERE

e FE G P R T S 2 O RAR I 2 R RS L@ B S, 2 ARYE Hassclmann(1962) PU{H]
B (R R B L Boltzmann R (integral) » SRGHEEIOERL B 2 TR HE
R o Boltzmann 5 RTLETITE » FRLURIPEERAS » Boltzman AR/
SEHERSEA A S MR TR - A S R R B A (A
YT{b 3 (discrete interaction approximation) #z 24+ Boltzmann {8 %%\ (Hasselmann et al
1985a » Hasselmann et al 1985b) o HIE{EIRFH 20 % U9 T4 (subset) FRREIERIE Esllis
FEH S L ANTTER 85 S MTHERERL o

E\’jjf‘]kcp Sy FE‘“%IE%

S,; (#B7K) =Rkws (&7K) ®
N
5.5 5kh 5kh
Rkh)=14+— (1— Yexp (——) 9
kh 6 4

BEOREREIS TE (B A AR K FP LIRS - (BRI A 1S IEEA BHoHE/E R 2 80
ML ERAZ -

Sk > Ao b SRR AR A R - T LR - TR LA R R A AR
K GITEASRYEST < HPBEUKRERE (EASE o AL > WAM B RIERYITE
B A R L M B AT WAM SRS R TR F BRI - fF2 A
WA AN B AT SRR A WAM R B (R LRTRIR AR

= - gfEE B

FAFTF D B AR L - B=/ ) NF RIS (analysis winds) FI%E =/ MEFRITEREE
(forecast winds) 3 BIEA WAM §E58 » 31E 24 /NIRRT R SRR (nindcast) F 72 /B
B S BRI E EETAE (Torccast) o B¢ 1991 £ 11 AEEFRETERIAN (prediction) FH -



BUERT SRR A — 67.5 BRI 77.5 1 » AQHETE 0 FEEY 360 fE - AHG = ARERYWGTE © 3F
BIMIZEMIFEIE (spatial resolution) £ 2.5 FE » BRS4EME (temporal resolution) & 20 Son: Bl
RE AT 25 {RISRES - REAAARE 0.042Hz - ARARSEERANELANES L1 WRIE DS 12 AT -
FHE AR A 30 & o

WAM R TERAHRAZE S (finite difference method) KR » ZEHERQ)H » TiiEE
(advection propagation) BB ERFAMEZ S (upwind difference) » Y AEARIAAIR B &
T BELE=S (implicit second order centered difference) o MBI ER RS B - (B
EEEREEBIEFER (numerical dissipation) [KIT# 5% AEACRTENIEEREN: » SEEEAS
JHEGHERITE H Z— (Chen 1992 5 Tolman 1992) o

WAM A TMERRF T E ARG R RIRL I 2 MERR AR - i D7rstEiE
T Bfg— (AR B AR T OMERTIRE - 38 28 S MRS 1B -

WAM HREASTH Cray YMP BRGHEMAREN I TEE » BB AR » 24 /) SRR TE
fUSZ8 CPU 4 53 SEAFIMIRIR < BFH Cyber 205 BT E ARSI TRIEASE R 1
B CPU 20 5 S MIFRT (Chen 1991, 1992) o 53 REES WAM R EHERE R T RiEg|
Fh & (Job Control Language » JCL) FELZARIE Cray YMP S EiEiibufn IS Rtk
BEIFIE M aaTHY

- LoEEsss

AV WAM BRATENAVHIRATE S - WAM BRM SRk S M6IE - a0 1 TR R
BIBEE - 40E 2 Fiors - REEEE—E0 0 SREE AR E 1 > Hs BISREE
a2 > U0 55 10 KGRI - I WAM BiRAIZEBNSESdEH. L (NBDC » National
Buoy Data Center) [y 24 {RZR/KFAFEMBENRBISETIE » B0 KIPIEmEIES A H
AFAHT 21004 F 22001 > ZEETRIFE A 32302 » ZEPTRIHTANMENY 46001 » 46002 » 46003 »
46005 [} 46006 + FEH GHIKAY 46035 » FEMIEECTINTT A 46025 7] 46042 » AE RIS
IR 51001 A 51004 -+ JTEGIRMEAY 17001 > ZEEBA T H Ay 41001 » 41002 » 41006 >
41008 » 44004 » 44008 » 4401170144014 > ZEBFOEFHNT 42001 FIZEETENF 5 62108 ©

HEBIRN I R AR R R (time series) AUFER » —HREER WAM SRR ESIREY
& RRIEMRER (extreme waves) HLEHIRG - WAM BAR— IR L L AR AR o
HAFET- & 3 FraR - [Bld GSOWM #1 NOW 435 H Bl 2B EA b DA Y
EREALAR - WAM 24 ~ 48 1 72 /) \BEFAIRI AT SR — ASER A AT NOW 4828 o Byl 4
o] B WAM #I#E St & (statistic measures) MRE » 9 FR= {(root-mean-square error °
RMSE) #{It NOW f&E30/)N o WAM BU{REE (bias) —RLERSAME o SRR Z000 1S - 4niE 5 Fr
R o —HHARN 0 WAM BFEFZAR (spectrum shape) {RASENTISAESIE - FrBLE A RES 7
S NOW BIBEE ARTEIESA (peak frequency) A —/NERZ T » FEE S NOW f&st
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A BTSRRI Blis 2 IR IR EE R (R - WAM BSRESR R TEIE I & Ho s B iR
A EERIRR o RS H - A RdRE ; hFEEE T L RS
SEE - ROFEIREBEMEIH B TER - (B WAM 85X /7 gk (directional spec-
tram) b+ B0IE 6 F7R - SRAFTATLAE s RERE S m A IR T2 2 S S ERH © [BIH Sp Den 3
BEEEREIAE  Wa BVEE > Ua IR o

P

TP WAM BRI EE R R P URITEREIS (wind fields) SREIT R BRI B IR TH
# (prediction) o WAM #EAREHEE = UHREL > 2 B it X Bz (AL -
HARTERI BRI BSE = » — 20 A5 (analysis winds) B 2REHEL 24 /IR AR IR B
(hindcast) » B—ETAERAIG (forecast winds) FIARHER 72 /NFFHEIR TRER (forecast) » B
€ 1989 FEEELAZR » FRMEHE WAM B FREIAY EIR AL AR BUR DA R H At RAR 2 TR
FIE IR ETH W EREE - M4 ZE » WAM A TR IS RIS (significant wave
height) BREFIHAMMAIER » OF B STV B EIRHEM S - RE7EEE R (extreme
waves) FKEEIIRER o #5TH (statistical measures) EEHIFAS S » BAR WAM ISR ERY
A= (bias) —HRHE B EME  (BEBEHEMN L ELMER S/ » ©H9E 5 E (root mean
square error) mrt,ﬁéﬁﬂ}ﬁii’(ﬁd\ e

KB WAM A BF i s iy IERR M sl 2 RnTse B ELEER AT ERISAER
FETAR (frequency spectrum shape) L ELAR A TEIR EBROIAAREHEDS - i LB
TRIHE S S g - (RO E RN GEHE R TEA - (B4 WAM R HF REEE (direc-
tional spectrum) b » BTLAFE B KE @R ER0EGE o240 E G EA - WIS EEEN
F R SR LA BAR AN LABREE © WAM $RSNHIETEAE (computer code) {5 2L
FHETRRIBRREHIG(E R IR A ERAE M A 518 © 35 7E Cray — YMP &M HFH - BRI
IR » 24 /NEFRIRERTERI R E CPU 4 AT o

WAM H#ESCEEA A B — A EMRMIEL  (AEEF L HME R EER YR -
BEAREMFEEAN B ENTRRESR » FrUESRERR LE TR BEWEH - 3F
%1 RIEER B Zdna kSRR T WAM SRR LAV EIRTEIME R, -
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TRODUCTION AND EVALUATION OF
THE WAM MODEL

Hsuan S. Chen

NOAA/NWS/NMC,Marine Prediction Branch
Abstract

We employed the WAM model and used the NMC (National Meteorological
Center) winds as the only forcinig to predict global ocean wave spectra. The
WAM model is a third generation wave model. It implements a more com-
plete caculation for nomlinear wave-wave interaction and the Janssen formula-
tion for wave generation. The comparison indicates that the WAM waves
generally predict a good estimate of the significant wave height, but often
underpredict the extreme waves when compared with the buoy data. Never-
theless, its accuracy and quantitative measures are shown to be better than
those from the other models. Its frequency spectra and directional spectra all
are very reasonable. The CFU time for a 24-hour prediction run on the

NMC Cray-YMP computer is less than 4 minutes.

162



