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GLOBAL WAVE PREDICTION,
USING THE WAM MODEL AND NMC WINDS!

H. 8. Chen?

ABSTRACT

We employ the Cycle 3 version of the WAM (Wave Model) model (hereafter referred Lo as
WAM3) and use forcing by the NMC (National Meteorological Center) winds to calculate global
ocean wave spectra during the period from November 1991 to May 1992. The calculations have
been conducted for wave hindcasts and forecasts using the analysis winds and forecast winds,
respectively. The results of the WAM3 waves and the NMC winds have been compared with
the NDBC (National Data Buoy Center) buoy data and with results from other models. The
comparisons indicate that the WAM waves in general predict a good estimate of the significant
wave height, but often underpredict the extreme waves when compared with the buoy data.
Nevertheless, its accuracy and quantitative measures are shown to be slightly better than those
from the other global models. The CPU time for a 24-hour prediction run on the NMC Cray
YMP computer is about 150 seconds.

INTRODUCTION

Accurate understanding and prediction of wind waves is of considerable interest to marine
 forecasters, oceanographers, meteorologists, ocean engineers and coastal engineers. During the
 last five decades, the state-of-the-art in wind wave modeling and prediction has improved signif-

icantly from the empirical approaches of Sverdrup and Munk (1947) and Bretschneider (1958)
(for example see the Shore Protection Manual 1984), to spectral approaches including direction-
ality using the radiative transport equation (e.s. SWAMP Group 1985). At present, the most
advanced directional spectral model is the so-called third gencration wave model of which the
WAM model is an example (WAMDI Group 1988). Although these computationally complex
directionally spectral models have achieved significant improvements in wind wave prediction,
many uncertainties still remain. Wind waves result from air-sea interaction as well as several
other physical processes; specifically, wave propagation, refraction, and source functions. The
source functions include atmospheric generation, wave-wave interaction, wave-current interac-
_tion, and wave dissipation. Some of these physical processes can be described with adequate
precision, but others like atmospheric generation and wave dissipation are still incompletely
understood and remain a challenge for both research and development. Despite this incomplete
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understanding of the source. funictions, many wind wave models are being used not only fo,
marine forecasting and rational engineering design but also for understanding and verifying the
mechanisms involved in wave evolution.

In this study we employed the WAM3 wave model and used the NMC winds as the driving
force to calculate the global wave field. The calculated (WAMS3) waves are compared with field
data from the NDBC buoys and the results from other wave models. Quantitative measurementg
of the performance of the WAM3 waves are also included.

WAVE MODEL

The WAM model has been recently used for wind wave prediction as well as for the stud
of wind wave evolution. The model was originally developed by Hasselmann (1987) and hag
been continuously improved by the WAM Development and Implementation (WAMDI) group
(The WAMDI Group 1988). The model is a third generation directional spectral model. 1y jg
based on a field solution of the radiative transport equation which, in the absence of currents,

can be simply written as

OF = Be,F

_ _ac;F desF . .

where F(4, A1, f,0) is the wave energy density spectrum, (8, 2) are latitude and longitude, { js
time, f is the wave frequency, . wave direction, (cg, ¢y, cg) are the propagation velocities
in the corresponding (¢, A, 8) coordinates, S, is the atmospheric source function, S,; the source
function for nonlinear energ; ue to the resonant quartet-wave interactions, and Sy,
the source function for wave ue to whitecapping and hottom friction. In WAM3,
Sin uses Snyder’s empirical form Snyder et al. 1981), replacing the wind velocity by the
friction velocity based on Ko g (Komen et al. 1984), while in the Cycle 4 version
of the WAM model (hereafter referred to as WAM4) S, uses Janssen’s formulation hased on a
quasi-linear theory of wind-wave generation (Janssen 1989, 1991). The major difference between
WAM3 and WAMA relates to S,; in the WAM3 model the wave growth rate depends only on
wind velocity, while in the WAM4 model it depends on both wind velocity and wave age.

The WAM model uses a finite difference numerical scheme; a first-order upwind scheme
is used for the advection term and an implicit second-order centered difference scheme for the
source terms. The WAM model is also being continually improved with better wave physics and
enhanced computational efficiency; therefore, the WAM computer code has several versions.
The latest version is WAM4 and has been available since last summer. The reader is referred to
Hasselmann (1987), The WAMDI (1988), and Giinther, et al (1992) for a detailed description
of the WAM model. :

NMC WINDS

In the WAM model, surface wind is the only driving force used to generate wind waves.
There are acknowledged difficulties in obtaining accurate surface wind fields, primarily due to low
spatial and temporal resolution of the observational data. Nevertheless, the presently available
wind models for wind analysis and forecasting are sufficient to provide reasonably accurate
surface winds for this study. The NMC analysis and forecast winds have been selected for use
in the wave hindcast and forecast, respectively. The analysis winds at 10 meters above the sea
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dérived from the analysis winds from the lowest sigma layer of the GDAS (Global
milation System) through a logarithmic profile adjustment and a correction due to
erature difference. The lowest sigma layer is within the atmospheric boundary layer
he sea surface. For the forecast winds, the 10-meter winds are derived from the
on Winds, with a similar adjustment and correction applied for the analysis winds.
-measurements of the NMC analysis winds for this study are shown in Table 1. The
erred to Burroughs (1989) for more information on the NMC analysis and forecast

v,

Table 1. Quantitative Measures of Analysis Wind

n 5 m o, 0o, me bhas rmse ia cor
7657 7.24 T7.54 3.38 3.36 1.0 030 254 0.85 0.72
4047 T7.61 8.47 4.02 421 2.02 086 277 0.88 0.80
5363 6.98 7.64 397 4.10 2.02 067 275 085 0.78 |
4931 6.68 6.98 3.52 3.34 2.08 030 2.80 0.82 0.67
)2 | 8564 6.94 7.48 357 3.51 205 054 2.82 0.83 0.70
number of data; o = obs data; m = model data; overhne '-’= mean;
=‘standard deviation; mae = mean absolute error;

46 = toot mean square error; ia = index of agreement; cor = corzclation.
gth unit = meter.

ERICAL CALCULATIONS

uge the NMC three-hourly analysis winds as input to the WAM3 model to hindcast
sbal ocean wave spectra and the NMC three-hourly forecast winds to forecast 72-hour
-wave spectra. Daily calculations were conducted during November 1991 through
The computational grid covers the global ocean region from 758 to 75N with a
of 3 degrees in both latitude and longitude. The wave spectrum is represented by 25
ically spaced frequencies with the ratio of frequency increment to the frequency, being
-1 and the minimum frequency of 0.042 hz, and the wave directionality is resolved into
rections (i.e., 30 degrees per angular bin). The integration time step is 30 minutes for hoth
tion and source terms. The calculations were conducted on the Cray YMP computer at

¢ CPU time for a 24-hour hindcast/forecast run is about 3 minutes which is about 7
“than a similar run on a Cyber 205 computer (Chen 1991).

: gé;neral respond closely to the global winds. The WA\IS waves are compatred w:th the buoy
a from 24 NBDC moored deep-water buoys. These buoy stations are 21004 and 22001 in
southern seaboard of Japan, 32302 in the western scaboard of Chile, 46001, 46002, 46003,
, and 46006 in the Gulf of Alaska and the western seaboard of Canada, 46035 in the Bering
. 4_6025 and 46042 in the western seaboard of California, 51001 and 51004 ncar the Hawaiian
lﬂl_a_mds, 17001 near the Antarctic Circle, 41001, 41002, 41006, 41008, 44004, 44008, 44011, and

44014 in the eastern seaboard of the United States, 42001 in the Gulf of Mexico, and 62108 in

the’ ‘western sea board of Ireland.
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183

arison of H, time series at the buoy stations indicate that the WAM3 waves gener-
losely with the buoy data, but often underestimate the extreme waves as typically
n Figure 1. We note that from Figure 1 the model warm-up period may last 6 days
1 10 through 16. During this period, the wave fields have little memory of the past,
e WAM3 waves would predict rather lower H, waves. Quantitative measurements
A3 24-hour hindcast waves are shown in Table 2. The average bias is —0.6m and the
t mean square error is 1.55m. Notably, the quantitative measurements could come
etter if all the WAM3 waves from the model warm-up periods had been excluded in
e statistics., Quantitative measurements of the WAMS3 72-hour forecast waves are
le 3, where the NOW (NOAA Ocean Wave) model is another NMC operational
model. The WAM3 waves are clearly superior to the NOW waves.

'I‘a.ble 2. Quantitative Measures of WAM3 Hindcast Waves

do/ Yr n o m @, 0on mae bias rmse  ia_ cor |

/91 | 7657 243 193 153 1.11 0.64 -0.50 1.08 0.83 (.78
12/91 | 4047 3.7 237 238 140 1.03-G80 1.97 0.711 0.66

1/92 [ 6649 290 235 191 131 0.75 -056 1.50 0.77 0.68

/92 (5504 245 1.85 160 0.89 0.77 -0.60 1.42 0.66 0.60

...............................

8697 2,67 2.09 2.02 0.99 083 -058 1.80 0.60 0.54

» 0 buoy and — NMC wind or WAM3.
AM3) wave direction and the others
---, peak (buoy) wave period and T,

ee Table 1 for notations

Table 3. Quantitative Measures of WAM3 Forecast Waves

Global Nov 91
Model | n m Om T, cor  bias rmse |
24k forecast T
NOW [338 3.03 265 1.535 1.62 091 038 0.78
WAM3 | 203 227 247 1.39 1.33 0.88 -0.20 0.74
48h forecast .
NOW 1338 3.11 265 1.50 1.62 0.89 046 0.89
WAMS3 | 190 231 249 1.32 1.51 0.87 -0.18 0.76
T2h  forecast

NOW (338 323 265 1.68 1.62 0.87 0.58 1.03
WAM3 | 176 246 250 1.37 1.47 0.85 -004 0.78

2l

Global B Dec 91
Model | n m 8 om 0, cor bias rmse
24h forecast

NOW | 751 325 2588 157 1.61 088 0.37 087
WAMS3 | 226 263 2.83 141 147 0.84 -0.20 90.83
48h forecast

NOW (751 3.37 2.88 1.65 1.61 0.87 0.49 098
WAMSI | 240 269 2.81 1.49 1.56 0.85 -0.12 (.86
T2h forecast

NOW [751 347 2388 1.68 1.61 0.88 059 1.11
WAMS3 | 255 265 2.70 1.54 1.54 0.81 -0.05 095
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Table 3. (continue)

Gt Jan 92
Model | n © 0n 0, cor bias rmse |
24h forecast

NOW 1738 339 289 1.55 1.49 0.86 0.50 0.96
M3 345 254 2381 1.38 146 0.83 -0.27 0.88

2,80 1.65 1.49 084 059 1.07
282 142 148 0.84 -0.21 0.84

2.89 1.80 149 0.81 065 1.24
2.83 1.54 1,52 0.75 -0.18 1.10
Feb 92

6 0n 0, cor bias rmse |

24h_forecast

NOW 1672 296 251 133 122 032 045 089
AN | 106 1.25 0.85 -0.35 0.76

1.38 1.22 0:80 053 0.99
1.08 1.30 0.82 -0.31 0.80

142 122 078 062 1.10
1.24 133 0.76 -0.17 0.90
Mar 92

Om a, cor lbias rmse

24h forecast
NOW 702 279 235 1.15 1.14 (.78 045 088
WAM3 | 298 226 246 111 1.20 081 -0.21 0.74
48h Jorecast N
NOW 1702 289 235 121 114 0.78 054 095
WAMS3 [ 299 230 243 117 122 079 -0.13 078
T2h forecast

NOW 702 298 235 1.22 1.4 075 063 1.05
WAM3 (302 241 248 1.14 124 077 -006 0.81
see Table 1 for notations
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Table 3. (continue)
Global ) _ Apr 92
Model | n ™ 5 0. 0. cor bias rmse]
24h  forecast Bl

NOW | 754 2.39 1.2 1.04 101 076 046 085
; : WAM3 [ 380 174 195 082 098 074 021 0.70
Jan 92 48h forecast
cor _ bias rmse | NOW | 752 251 192 109 101 074 059 0.96
= : WAMS | 381 1.86 1.96 0.89 098 072 -0.10 0.72
86 050 0.96 | 72k forecast - B
83 -0.27 0.88 : NOW 1754 2.60 192 1.1a 101 069 068 108
T ; e | WAM3 | 380 193 196 0.87 0.08 0.69 -0.04 0.73
84 059  1.07] s Global May 92
£4 021 0.84 | i [Model | n i G om0, cor bias rmase |
| o 24h forecast
81065 1.24 : Lt NOW 780 2.20 1.66 0.83 0.7 0.6 0534  0.77
15 -018  1.10 ' WAM3 | 349 154 1.81 056 073 070 -0.27 059
Feb 92 ; L 48h forecast
cor bias rmse : i NOW 780 222 1.66 080 0.77 0.7 036 082
= = ] ; e WAM3 | 363 155 1.81 056 0.3 0.57 -0.25 0.67
82 045 089 : : T2h forecast ' '
85 -0.35 0.76 - NOW 1789 2.26 166 0.79 0./7 064 060 090
T WAMS | 363 154 179 0.55 0.73 046 -0.26 0.72
280 053 0.69 | : soe Table 1 for notations
82 031 0.80] s
8062 110
W76 -0.17  0.90 | {4 Buoy 46883 Time.92033106 g o5 Buoy 46003  Time 92832406
Mar 92 ] ; B Model, Buoy “ ; o
w 1.2 S:t 12.2'788:3
S L Uig= 9.5. B9 2.15
7 045 0] 2 rep R B
o= 8 2
R05% 0.5 o :
.79 -0.13  0.78 2 AL 2 a5
05 05 BT i
L77_-0.06 0.8 | 0.2} s
B.d PP O TN RO T o OO RS -J -2.25 L L ‘!“‘l- T 1 L
a.9 2.1 2.2 2.3 2.4 a.5 -8.25 W-E Frequancy (hz!) 8.25
Frequency lhz] Sp Den 1. 21.4 U"?a: H:: 133,' ;gg
Figure 2. One Dimensional Wave Spectrum, Figure 3. Two Dimensional (Directional)
where o o ¢ buoy, — WAMS3, and Wave Spectrum.

--- GMEX.
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Comparison of one dimensional wave spectra shows that the spectral shapes of the WAM3
waves generally follows those of the buoy data, particularly they agree remarkably well at high
[requencies, but the WAMS3 apectra often underestimate near the peak frequency and low fre-
quencies. For a relevant comparison, we have always selected cases where the model waves and
buoy data have similar values of H,; Figure 2 is a typical result. Note that in Figure 2 GMEX is
the NMC Gulf of Mexico regional model using a grid resolution of 0.5 degree. Two dimensional
wave spectra for the WAM3 waves; although observed data were not available for comparison,
are generally reasonable since they correspond closely to the winds shown in Figure 3.
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