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3.10 The Implementation of the Numerical Weather Prediction (NWP)

Wave hindeasting and forecasting for the Thailand region requires surface
wind fields from a numerncal weather prediction (NWP) model ar 3 hour time
intervals during the wave model integration, The set-up of the wave model was
performed during the first year using surface winds from the 1S Navy Operational
Global Atmospheric  Prediction System (NOGAPS), which have a horizontal
resolution of approximately 100 k. In the second vear. winds from the US Navy
Operational Regional Atmospherie Prediction System (NORAPS) Southeast Asia
model will be used to drive the wave model. These winds have a hortzomal resolution
of about 45 km. Both NOGAPS and NORAPS surface wind forecasts are available.
on a near real time basis (12 hour delay) from the Master Environmental Library
(MEL) internet sit (hitp://www-mel.nelmry navy.mil). Although these wind fields are
fine for development and testing of the wave model. they are not guarantied to be
available in an operational environment. In the future (third year and beyond), surface
wind fields will be provided by the Thal Meteorological Department (TMD) NWP
model with horizontal resolution of 25 km. Dunng the transition from the NORAPS
Southeast Asia model to the TMD NWP model. the NORAPS 45 km resolution winds
will be used as a backup system in case there is a problem with the TMD miodel or
there is a delay in the TMD's supercomputer project. Also the NORAPS wind data
will be used for comparison with the new high resolution 25 km. winds from the
TMD WP model”

During the period from August 1, 1997 1o January 31. 1998 the wave model
has been tested with the low resolution (100x100 km} swrface wind fields from the
NOGAPS NWP model by research teams in the U'S and Thailand Durmg early
November, 1997 typhoon Linda swept through the Gull of Thailand providing a
critical test for the wave model. Swrong winds produced large waves as Linda moved
into the Gulf of Thailand and strengthened. The wave {orecast was veritied using data
from moored data buoys and remotely sensed data from satellites. The results of the

wave model forecast during Linda are given in this report.
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4. nanaaoy WAM - Program

4.1 Comparison with TOPEX data

Comparisons of the WAM significant wave height o the significant wave
height measured by the US/France TOPEX/POSEIDON satellite. The satellite repeats
it orhit about every 10 day. The data was acquired from the Colorado Center of
Astrodynamics via the internet (hiep//www-ccar.colorado eud/research/topex/html
topex_html). The accuracy of the wave height observatons are about 0.2 meters when
calibrated using the NOAA wave buoys (Cotton and Carter, 1994) The time penod
used for the companson was November 3 through 10, 1997, During this time typhoon
Linda traversed the Golf of Thailand. The tvphoon produced waves heights in exees
of 5 meters which resulted in coastal erosion and flooding. Wind and wave
conditions, which occurred during the typhoon, are a good test of the WAM maodel
performance in a relatively shallow water semi-enclosed gulf

The WAM grid configuration for the typhoon Linda runs 1s as follows. The
outer grid is 81 rows by 8] columns and the grid resolution is 0.5 degrees or about 43
kilometers, The outer grid boundaries are [0S to 30N latitude and 85E 10 103E
longiude,  Figure 9 shows the WAM significant wave heights from the outer gnd
during the peak of typhoon Linda  Nested within the outer mesh 1s a fine gnd with
boundaries of 3N to 13N latitude and 98F 1o 108E longitude. There are 41 rows and 4
columns at 0.25 degrees or about 27 kilometers resolution, Figure 10 show the WAM
significant wave heights and mean wave direcuons durtng for same time (November
3, 1997 : 06GMT) as in Figure 9 Grid nesting allows for wave energy from the outer
grid to propagate mto the fmer grid.  In this case only the southern boundary of the
fine nest grid 1s open.  The wind forcing used for these runs were NOGAPS analysis
winds at 10 meters height.  These winds have a horizontal resolution of about 110
kilometers. The wind time interval was 6 hours. so thal the WAM model read a new
wind field every 6 hours during the run. Figure 11 shows the NOGAPS wind speed
and direction for November 3. 1997 Figure 12 is the same as 3 except for NORAPS.

The TOPEX comparison were made by interpolating the WAM wave height

to the satellite observation location. A simple bilinear interpolation was used. A six
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hour time window (+-3 hours) was used to when selecting the data. In figures |3A
through 13E the TOPEX and WAM wave heights are plotted along the ground tracks
of the satellite. The Measured peak wave heights reach 1o near § meters. The WAM
wave heights follow, the pattern of the satellite observations, but in many cases are
slightly less. Figure 14 shows the results of the comparison belween the WAM maodel
{v-axis) and the TOPEX altimeter data (x-axis), There were 8.392 TOPEX
observations during the time period of November 3 through 10, 1997 From these data
pairs statistics were computed using the following definitions.

Xmean = SUM (XiyN

Ymean = SUM(YiyN

BIAS Ymean - Xmean

RMSE SQRT(SUM((Yi-Xi)**2)/N)

2 =  SUM((Xi-Xmean)*{ Y1-Ymean))

SORT(SUMXi-Xmean)**2)*SUM{(Yi-Ymean)* *2)
SYMETRIC CLOPE = SQRTSUM(Y1**2)/sum(X1**2))
SCATTER INDEX = STDV/Xmean

The comparison between the TOPEX observations and the model show a
negative bias of -0.59 meters and root mean square error (RMSE) of 0.74 meter. It

can be seen from the scatter plot that there is some underproduction of wave height

4.2 Comparison with ERS-2 data

Comparisons of WAM significant wave height with the European Research
Satellite were also made for the period ol November 3 through L 1999, during
typhoon Linda. The accuracy of the ERS-2 wave height observauons are aboul (0.2
meters. nlike the TOPEX alumeter, the ERS-2 altimeter is unable to measure wave
height below (1.5 meters, Figures 15A through 15D show the along track comparison
of WAM significant wave height and the altimeter measured wave height. As with
the TOPEX data, there was generally good agreement between the dala and the model

forecasts. There is some indications of underprediction which will be addressed later
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Figure 16 is a scatter plot of all the ERS-2 observations of r the time period. e
statistical parameters were computed in the same manner as for the TOPEX data, |he
mean error and root mean square are -0.59 m and 0.74 m. respectively

One possible cause for the underprediction of the waves are errors in the
wind fields from WOGAPS during typhoon Linda. Tropical cyclones are often not
well resolved within global NWP model due to course gnd resolution.  This can cause
wind maximums to be missed in the wind fields and cause an underprediction of the
wave. Comparison of the observed wind speeds from data buoy and satellites may
shed light on this problem. (ther causes my be the complex wpography of the region

and the interaction of the typhoon and land/sea boundary.

Reference:
Cotton P21, an Cartier DL T 1994 Cress calibration of TOPEX, ERS-2 and Geosal
wave height. J. Geophys Res. .99 No C12. pp 25, 025-25033.
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Figgwvew 22 TOPEX/WAM Wave Height (m) Comparisons Nov 1-10', 1997
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