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Ocean Wave Modeling and Forecasting

Tawatt Veruttipong
Jet Propulsion Laboratory, California Institute of Technology
4800 Oak Grove drive, Pasadena, CA 91109, USA.

Team member from FNMOC, CAPS, Hydrological Department, Thai
Meteorological Department and Prince Songkla University

Abstract

The development, validation and calibration of the ocean wave model for the
Gulf of Thailand and Andaman Sea was completed. The model was modified
from the WAM model obtained from Max Plank Institute, Germany. This wave
model has been used to forecast ocean wave height in conjunction with an input
forecast wind data. The wind data was obtained from the Master Environmental
Library (MEL), US Department of Defense. The 100-km and 45-km resolution
ocean wave forecasting systems were successfully operated and tested. Even
though, the modei could be used at a higher (better) resolution than 45-km
resolution, the limitation is still at the resolution of the available input wind data.
It is expected that Thai Meteorological Department could produce a five-day
forecast wind data with 25- km resolution soon.

The forecast wave height obtained from the model has been compared with
three independent observation data: buoy data obtained from the SEAWATCH
project of National Research Council and data from the TOPEX and ERS-2
satellites. The comparison results reveal that the accuracy of the forecast wave
height obtained from our model is the same as of an international standard.

The workshop and hand-on training sessions were conducted with the end-users
and team member in Thailand so that they are able to use the ocean wave
forecast system in both manual and semi-automatic modes. Besides using the
model in the region of Thailand, the team in Thailand has the capability of
modifying the model for any region in the world. The mordel developed from this
project has been used operationally at the Weather forecast Department, Royal
Thai Navy and is in the testing stage at the Thai Meteorological Department.
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Ocean Wave Modeling and Forecasting _

Tawatt Veruttipong
Jet Propulsion Laboratory, California Institute of Technology
4800 Oak Grove drive, Pasadena, CA 91109, USA.

Team member from FNMOC, CAPS, Hydrological Department, Thai
Meteorological Department and Prince Songkla University

Executive Summary

The three-year research and development on the ocean wave modeling and
forecasting was completed. The mode! developed from this project has been
used operationally at the Weather Forecast Department, Royal Thai Navy. The
forecast data is also shown daily on the Royal Thai Navy Website. The ocean
wave forecasting is now become a permanent task of the Royal Thai Navy. This
should support the goal of the Thai Research Fund that wishes to see result
from its research funding to be used by end-users and benefit to the public. For
the Thai Meteorological Department (TMD), There were meteorclogists from
Weather Forecast Section and Weather Observation Section working in this
project. Several hand-on training were provided to the meteorologist at the TMD
and they are now able to run the WAM program on both manual and semi-
automatic modes. The TMD is now in the process of accessing and testing the
model. It is not certain which section of the TMD will take responsibility on the
ocean wave forecast using this WAM model. Nevertheless, the ocean wave
height forecast produced by the WAM model has been presented in the weather
forecast brief room of the TMD everyday.

It is a pleasure to inform that this project has been selected as one of the
successful projects (two projects were selected) in two conferences: The 9"
International Conference on the Advanced Science and Technology Exchange
with Thailand at Washington D.C. on May 21-22,1999 and the same conference
at Bangkok, on July 21-22,1999. Qur team member were invited to present the
highlights of this project in the plenary sessions of both conferences.

Significant Events and Major Accomplishments
1. Selection and Modification of the Ocean Wave model

Various ocean wave models had been investigated. The WAM mode! developed
by Max Plank Institute had been selected and will be used throughout these
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project’s activities. Thai Research Fund (TRF) sent a letter to request for a WAM
source code from the Max Plank Institute and the request was granted. The
WAM source code was sent to TRF which was then forward to the team
member. The TRF has also been registered as an official WAM user since 1997
and is eligible for a free software upgrade in the future. The WAM model was
modified by the team so that it could be used for ocean wave prediction in the
Gulf of Thailand and the Andaman Sea. After the WAM program was working
and results were properly evaluated, workshop was conducted with the team
member in Thailand on basic theory and hand-on training on how to use the
WAM program. In addition, the team in Thailand was trained to be able to
modify the WAM model for any region in the world.

2. Acquisition of the Forecast Wind data

In order to forecast a wave height, WAM program needs a forecast surface wind
data. Since the supercomputer project at the TMD is delayed and it is not certain
when will it be able to provide the wind data to this project. Therefore it is
essential to find the wind data from other sources. Our team member had
contacted Defense Modeling and Simulation Office, US Department of Defense
and requested for the forecast wind data form the Master Environmental L.ibrary
(MEL) and the request was accepted. We also asked MEL to automatically push
the wind data to the computers at the Royal Thai Navy and TMD. We are also
able to manually access wind data from MEL if there is a problem with the
automatic down-loading system.

3. Running WAM at Low and High Resolutions

The team in Thailand had successfully run the WAM program using both five-day
forecast 100-km resolution wind data and two-day forecast 45-km resolution. In
the future, we should be able to use a more accurate five-day forecast, 25-km
resolution wind data from the TMD supercomputer.

4. Validation of the Model

In order to test the accuracy of our model, we compared our predicted results to
three independent observation data which are: the buoy data from the
SEAWATCH project of National Research Council and two observation data
from TOPEX and ERS-2 satellites. The comparison results reveal that the
accuracy of our predicted data is within international standard. The accuracy of
the wave forecast is dependent upon the forecast skill of the Numerical Weather
Prediction (NVWP model. In general, the forecast skill will decrease with
forecast time. Currently the WAM is using surface wind prediction from the MEL
global NWP modei. with a grid resolution of about 100 km. Itis hoped that the a
regional NWP maodel will be implemented operationally on the TMD
supercompuien. This model will be able to forecast masascale phenomena such
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as coastal winds, sea breeze, and tropical storms. It is hoped that the wind data
from the TMD mesoscale NWP model will provide a more accurate wind
forecasts which will resulted in a more accurate prediction of the ocean wave
height in the future.

5. Model Calibration

The model has been calibrated and tested so that it will work properly in the Gulf
of Thailand. There was also a study on the limitation for the WAM model for a
shallow water and it is found that the error of the WAM model increases very
rapidly when the depth of the ocean floor is less than ten meters. In order to
make the program work reasonably well in the shallow water, it requires a major
modification of the model and related computer source code, which is beyond
the scope of this project.

6. Educational and Public Relation Activities

Several of our team member have involved in many educational and public
relation activities. We have two papers presented in two conferences in
Bangkok. Our team member presented results from our model to audiences at
universities, government agencies and technical meetings in Thailand. We were
also received invitations for interviews and participated in several TV and radio
show programs and newspapers as well.
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3.2.2 Software A1 q Mnaatodlun1s Run Model

1. ixuuﬂﬁﬁ“ﬁms Linux Redhat Release 5.1 (Manhattan) Kernel 2.0.34 on

an 1386
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Fortran Complier GNU77

GrADS (Grid Analysis and Display System) Version 1.3.6

srpudiians Windows 95 or 98

ACDSee Version 2.3 3.2 bits

GIF Construction Set 32 bits

WS_FTP File Transfer Client for Windows 95 and Windows NT Version

Netscape Communicator 4.5 for Windows 95 or 98

3.2.3 M Parameter ﬁﬁnm%‘lu WAM

1. udlu PARALL.H (Parameter for array dimensions file)

Sodtuls
NGX
NGY
NBL.O
NIBLO

Bl
o =3
VTUIUIAY
o <
IUIULAY
o 3
VIHIUIAY

o o
IUIULIAY

AT KUY
Number of longitudes in grid (=(Long.x{1/XDELLO*))+1)
Number of latitudes in grid (=(Lat.x{1/XDELLA™*))+)
Number of blocks

Number of points in block (~NGX x NGY)

#*XDELLO = Grid Increment of Longitude (Degree)

**XDELLA = Grid increment for Lanitude (Degree)

2. uilu PREP(REG).FRM (User Input of Preproc)

Fosunls
XDELLA
XDELLO
AMOSOP
AMONOP
AMOWEP

FHA
UTHT
IUIUTTY
ST
FIUIUITY

IUIUITY

AU
Grid Increment for Latitude (Degree)
Grid Increment {or Longitude (Degree)
Most Southen Latitude in Grid Matrix
Most Northern Latitude in Grid Matrix

Most Westernt Longitude in Grid Matrix



AMOEAP

OUTLAT&OUTLONG

IBOUNC

IBOUNF

AMOSOC
AMONOC
AMOWEC
AMOEAC

$1UIUT34

IUINDTI

s g
IUIUIRAU

° =]
VIIULAW

MUIUDTY

FIIURTA

FIUIUITY

FIUIUDTA
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Most Eastern Tongitude in Grid Matrix

AN InaofiLe (in Degree of Latitude & Longitude) ‘ﬁ
921 IMIAIN SPECTRA

Flag for the Course Grid

= 1 information for a Nested (Fine) Grid will be Generated
Flag for the Fine Grid

= | This i1s a Find Grid run, Boundary Information is
Expected from a Previous Coarse Grid run

Southern - Most Latitude of Nest

Northern - Most Latitude of Nest

Western - Most Longitude of Nest

Eastern - Most Longitude of Nest

3. ufly PREP (REG).JOB (Script to run the WAM Preprocessor)

WAM : Directory of WAM Madel

4. ¥l PREP (REG).mak (Make Library File) u#l)y PRES (REG),FRM (User Input of

Preset)

- ¥oduls
IDATEA
IDELWI

¥Ha

FAITHHUNE

YYMMDDHHMM Start Date of Run

SRR RRITEY

Timestep on Input Wind File (Seconds)

5. 1y PRES(REG).JOB (Script to Cold Start WAM)

WND : Directory of Wind File

WAN : Directory of WAM Model

6. U3 READTOPO.F (Reformat of Topography for WAM Model)

Fosmls
nc

nr

=
¥UA

a =

PIHTHIRL

0 o
FIUIUIALY

AITHHUE
Number of Column = NGX

Number of Row = NGY



nb *ﬁTH’J‘LlIﬁiJ = {Number of Lat. or Lon. x 12)+1

delx FIUIUDTY Grid Increment for Longitude (Degree) = XDELLO
dely FIUIUDTY Grid Increment for Latitude (Degree) = XDELLA
xlats 1142U32  Most Southern Latitude in Grid Matrix = AMOSOP
xlatn 911IUV33 Most Northern Latitude in Grid Matrix = AMONOP
xloni $1UIUITY  Left Longitude in Grid Matrix = AMOWEP

xlonr 91UIU971  Right Longitude in Grid Matrix = AMOEAP

ulys WAM(REG).FRM

IDATEA $1WMAD Start Date of Run
IDATEE AN End Date of Run
IDELPRO Uy Propagation Timestep
IDELT i Source Timestep
IDELWO $19AY Output Wind Timestep
IDELWI §MAN  Timestep on Input Wind File
IDELINT F11AN Integrated Parameter of Total Sea
IDELINS $1118y Integrated Parameter of Swell
IDELSPT i‘imamﬁu Spectra of Total Sea
IDELSPS FWIMAL Spectra of Swell
IDELRES {nmmﬁm Output Files and Restart Files are Saved
ICASE RN TRRTIERY Propagation Option

I Spherical

Otherwise Carlesian Propagation
ISHALLO $MWAy Shallow Water Flag

I Deep

Otherwise Shallow Water Model
IREFRA $um@n Refraction Option

(} I Refraction is not used

1 If Depth Refraction is used

2 If Depth and Current Refraction is used



ITEST

ITESTB

IREST

IBOUNC

IBOUNF

o o
IUIUINY

o =]
TUIUAUY

'3 o
NUIUIAY

SRR

o d
ATHIUIAY

Test Qutput Level

>0 For Output upto Subroutine Level

0 No Test Qutput

Test Output Level Blocks

>0 For Block Level Test Qutput if ITEST=>0
Restart Option

! Restart Files are Saved

Otherwise Files are not Saved

Course Grid Option

1 For Course Grid Output
Otherwise no Boundary Points
1 For Fine Grid Input

Otherwise no Boundary Point

8. il WAM(REG).JOB (Script to Run WAM)

WND : Directory of Wind File

WAMDIR : Directory of WAM Model;
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