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Abstract

The two-year project to improve the search and rescue (S&R) mission in the
ocean is complete. There were two major tasks in this R&D project: (1) improvement
of the S&R communication system and coordination plan, and (2) development of an
ocean model to forecast the location of an object drifting with the current. For the
communication system and coordination plan, the structure and details of existing
systems have been carefully investigated. A meeting, conducted with personnel
responsible for the search and rescue task, resulted in a number of specific
recommendations. There is a plan to submit the completed list of recommendations to
the Board of National Disaster Prevention Committee for final approval.

For the ocean current forecast model development, five ocean models were
investigated- The Princeton Ocean Model (POM) was selected because of its
applicability to open ocean and shallow water regions. This model is well suited to
forecasting currents in the Gulf of Thailand and Andaman Sea. It has been used for
both research and operational forecasts for more than 20 years and has over 1000
users in nearly 60 countries. Modifications to the generic POM program for the Gulf
of Thailand and Andaman Sea are complete and ocean current forecasts from POM are
being used to calculate the trajectory of objects floating in the water.

The ocean model was tested and calibrated with measured data from existing
buoys and from two simulated drifter experiments in the Gulf of Thailand. Agreement
between calculated and measured data is within acceptable levels and will improve
with further measurements and calibration. The POM model developed by this project
for the Gulf of Thailand and Andaman Sea is now used operationally at the
Hydrological Department, Royal Thai Navy. It will also be used for research ~nd study
in the Marine Science Department, Chulalongkorn University.

Keywords : search and rescue in the ocean, POM, ocean current, trajectory of
floating object
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Princeton Ocean Model (POM)
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3.1.3 aNNTINAINY (Energy)

30T , ouT OOvT ol & [Ky ar]+F R
ot ox d oo do| D o oz



3.1.4 gUNMIMIAROUTIUBIAMAN (Salt transport)

s aow' ovS 305 _ 3 [Ky3SY o
+ + + §
at By oo ool D do

UM WA U (Turbulent energy)

2 b — 3
g’ | obug'  oDvg® 2wg’ _ 31K, 3g” ﬁ[gg) ,{_al) (M P2
at ax ay do Bcr D da D \oo oo oo B/

abg*! am;’l 6&@’! doq _a_[K,aq !] E’lx"[(aar+[§5]2]+53£x”%7’?}&

ot ox oy oo D fo

....zﬂ].pf;
1

3.1.5  aumIaaIue (Equation of State)

£ =(T,8)
Taui
6‘:7 ap an, o0 oD 611
W=t "ax]+ A A ]

W= 1+f["k’? *’)1 +{H-2)"
) duy @ ou v
A E“a";[z’*‘" 5?)”5;[“"”(5* ar]]
8 du av), 2 av
-
o4 _61)
Fo ax( )+ay(ﬂ4”3r

(Kpn H)= (sﬁfsﬁ']

& & o
¥ u, v, w flo ﬂ?.!”ﬁjglulluqllﬂu Xy oY z

3

Qs

¥ ¥
N A8 szanhiannszavthmeialunais

b3

<2 Ao wdaneariulu

T  flo gunplimeia



42

A =]
S e fAuind
24 <4 9/
H A9 ANUINVYBINSINTID
Ky A0 vertical viscosivity
« A9 vertical diffusivity

d 3 » . .
v 09 horizontal viscosivity

K
A

A : . .
A, f1® horizontal viscosivity
¢ uwnu T,S,qq1
Sy

Sy Ao Stability factors (Mellor and Yamada, 1982)

Wind stress AITUIUDN
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3.2 MI3MMADUIIAAY (Numerical technique)
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C-grid (Mellor, 1998) AUEAI9198198 UATMIRMOUAIIT finite difference

approximation
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Extemnal mode grid
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V{1,410
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W(LJ,K)
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BiLJK TiJ,K) U{1,J.K)
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Elevation view Internal mode grid
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3.3.2 YA UIUAVDILUVIADI
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Model Grid (90x105)
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Mean Wind (March 2000)
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Mean Wind (May 2000)
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Wind Stress 28 March 2000
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Currents

29 March 2000
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Particle Poths March 2000
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Wind Stress 31 May 2000
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1. CPU #aud Pentium II 300 MHz 311

2. RAM 128 Mbyte H3a110A7
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Ckmel.sh
#i/bin/bash
# Shell script to check new MEL file and run POM
# Lt.Virlya Laung_Aram 30 sep 2001
#
# check for new files.
#
count=0
WNDDIR=/Mhome/npom/meiwind
EXCDIR=/Mmome/npom/exec
cd shome/npomymelwind
filelist="1s -1 MEL_nrm-1*.tar’
for file in ${filelist}
do
count=3((${count}+1))
done
echo "There are ${count} files in ${WNDDIR}"
echo $count > new_mel_count
if [ -f last_mel_count ]; then
num="cat last_mel_count’
else
echo "$((${count}-1))" > last_mel_count
num="cat last_mei_count’
fi
if [ "$count” -eq "$num” J; then
echo "There are old ${num} files in ${WNDDIR}"
echo "========= No more new files....waiting for next time..."

echo *========= Process donel....Bye."



exit 0
fi
#
# compare how much the number is different
#
differ=$((${count}-${num}))
echo "There are ${num} files since iast updatel”

echo "There are ${differ} more files not be copied yet!®

cutoff=1
for file in ${filelist}
do
if [ "Scutoff” -le "$num" ]; then
cutoff=3((${cutoff}+1})
eise
echo "========= Copying $file to ${EXCDIR}"
cp -f ${file} S{EXCDIRY.
echo "========= ane P
cutof=$((${cutoff}+1))

if [ "Scutof” -gt "Scount” 1: then
cp -f new_mel_count last_mel_count
fi
fi
done
/home/npom/ungrib.job

exit
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Ungrib.job

#1/bin/sh
# shell script to process MEL tar files and copy
# wind files to approriate directories.For POM
# LtViriya Laung_Aram 30 sep 2001
#
# look for MEL tar files
#
cd /home/npom/exec
filelist="1s -1 MEL*’
for file in $filslist
do
tar -xvf $file
meldir="echo $file | cut -¢5-17"
echo ${meldir}
od $meldir
dtg="Is 058" | cut €30-37"
nname="echo ${dtg} | cut -g'* -f1*
echa ${nname}
cp "_ucmp*.000" home/npomiwindarc/past/058.240.wnd_ucmp . ht_sfc. 10.0.$
{nname}00.000.GRIB
cp *_ucmp™.006* /home/npomAnindarc/past/058.240.wnd_ucmp.ht_sfc.10.0.$
{nname}16.000.GRIB
cp *_ucmp*.012* r‘hcmefnpom/windam/basﬂ058.240.wnd_ucrnp.thfc. 10.0.3
{nname}12.000.GRIB
cp *_ucmp*.018* home/mMpom/windarc/past/058.240.wnd_ucmp.ht_sfe.10.0.%
{nname}18.000:GRIB
cp *_vemp®.000* /home/npom/windarc/past/058.240.wnd_vemp.ht_sfc.10.0.$
{nname}00.000.GRIB
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cp *_vemp™.006* /home/npomiwindarc/past/058.240.wnd_vemp.ht_sfc.10.0.$
{nname}06.000.GRIB
cp *_vemp*.012* home/npomiwindarc/past/058.240.wnd_vemp.ht_sfc.10.0.$
{nname}12.000.GRIB
cp *_vemp*.018"* /home/npomiwindarc/past/058.240.wnd_vemp.ht_sfc.10.0.5
{nname}18.000.GRIB
m -f /home/npomavindarc/forecast™
¢p *_ucmp*.024" /home/npomiwindarc/forecast/
cp *_ucmp*.036* /home/npom/windarc/forecast/
cp *_ucmp*.048" /home/npom/windarc/forecast/
cp *_ucmp*.060* /home/npomwindarc/forecast/
cp "_ticmp*.072* /home/npomiwindarc/forecast/
cp *_ucmp*.084* /home/npom/windarc/orecast/
cp *_ucmp*.096"* /home/npomAwindarc/forecast/
cp *_vemp*.024* home/npomiwindarc/forecast/
cp *_vemp*.036" /home/npom/windarc/forecast/
¢p *_vemp*.048* home/npomiwindarc/forecast/
cp *_vemp*.060* nome/npomiwindarc/forecast/
cp *_vemp*.072* home/npomiwindarc/orecast/
cp *_vemp*.084* /home/npomiwindarc/forecast/
cp *_vemp*.096* /home/npomiwindarc/forecast/
cat *_ucmp®.000.* *_ucmp®.006.* *_ucmp*.012.” > wndu.grb
cat *_vemp*.000." *_vcemp*.006.* *_vemp*.012." > wnav.grb
mkdir /nome/npom/binwind/${nname}00
cd /home/nponvbinwind/${nname}00
mv /home/npom/exec/${meldiry/*.grb .
m -f home/npom/exec/${meldir}/*.grb
/Mmome/npom/pom/bin/wgrib -d all ;bin -0 wndu.bin wndu.grb
/home/npom/pom/biniwgrib -d all -bin -0 wndv.bin wndv.grb
/home/npom/pom/bin/stress wndu.bin wnav.bin
cp [XY]stress /home/npom/pom/datiwing/
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/home/npom)‘test.job $nname 00
rm [estuv]2001* |
m *.grb
rm *.bin

cd /home/npom/exec/${meldis}

cat *_ucmp*.012.* *_ucmp*.018.* *_ucmp*.024.* > wndu.grb

cat *_vemp*.012.* *_vemp*.018.* *_vemp*.024.* > wndv.grb

mkdir /home/npom/binwind/${nname}12

cd /home/npomy/binwind/${nname}12
mv fhome/npom/execls{meidir}/'.grb )
m -f /home/npom/exec/${meidir}/*.grb
/home/npom/pom/bin/wgrib -d all -bin -0 wndu.bin wndu.grb
/home/npom/pom/bin/wgrib -d all -bin -0 wndv.bin wndv.grb
/home/npom/pom/bin/stress wndu.bin wndv.bin
cp [XYlstress /nome/npom/pom/datiwind/
/home/npom/test.job $nname 12
m [estuv]2001*
m *.grb
rm *.bin

cd /home/npom/exec/${meldir}

cd . |
done
rm -rf fhome/npom/exec/MEL*
rm -if /home/npom/exec/nrim-*

exit



Test.job

#1/bin/sh

#
#
#

Shall script to Run POM History File
LtVirya Laung_Aram 30 sep 2001

ifES1]
then
HDATE=$1
echo History date is $HDATE
glse
echo*"
echo " History Date is not set”
echo " terminate.... 1test’
fi
ifL$2]
then
HTIME=%2
echo History time is $HTIME
else
echo " *
scho " History Date is not sat”
echo " terminate....2"
fi
echo Directory to access is SHDATESHTIME

# preiiminanes. get date, set run iabel

# rmove 1o data directory, setup subdirectorias

date

mon=3{date +%nm)
day=$(date +%d)
LABL="_POM.${mon}.${day}"
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echo RUNS{LABL} out.$$
test -f pos.dat & m pos.dat
# process MEL SST and Wind files
# convert from GRIB {o binary, then
# reformat and interpolate to model grid
# set modei parameters for this run
# 1) setup forcing and sst files
.# 2} copy previous history file for restarting
# 3) grab initial particle locations from file
# and run mode!
time /nome/npom/pom/bin/pom <<END_POM_PARAM >out.$$
&PARAM '
LABEL = $HDATESHTIME,
DEPTH_FILE = ‘home/npom/porn/dat/Depth’,
TEMP_FILE = "Yhome/npom/pom/dat/Tsig1.d",
SALT_FILE = Yhome/npom/pom/dat/Ssig1.d’,
SST_FILE ='none’,
XFORC_FILE = '"home/npom/pom/datiwind/Xstress’,
YFORC_FILE = '"home/npom/pom/datiwind/Ystress',
HIST_FILE = 'Thome/npom/pom/dat/pom.s’,
XPOS = 102. 102. 103. 103. 103,
YPOS=3. 4. 5. 6. 7.,
MODE = 3,
DAYS = .5,
DTE = 20.,
ISPLIT = 45,
FORC= 6.,
DIAG = .TRUE,,
RAMP = 0.0,
PRTD =0.125,
SMOTH = 0.1,
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HORCON =0.2,

VMAX = 100,

ISPADV =5/
END_POM_PARAM

date _
myv fort.60 pom.s
cp pom.s /home/npom/pom/dat/
# cleanup from run
# move output files to storage directory
# save the history file

# process for graphics

exit
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Lost_at

#Ubin/sh
# Bom shell script to search object
# LtViriya Laung-Aram
#
if{$1]
then
LAT=$1
echo Latitude is $LAT
olse
echo*"
echo " Latitude not set”
echo " Usage: lost_at LAT LON DATE"
echo * Example: lost_at 9.5 100.3 01080612"
echo"”
exit
fi
if{$2]
then
LON=$2
echo Longitude is $LON
else
acho*"
scho " Longitude not set’
echo " Usage: lost_at LAT LON DATE TODAY"
echo * Example: lost_at 9.5 100.3 01080612°

echo'l'
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then
DAYT=$3
echo Start date is $DAYT
slse
echo"”
echo " Start date not set*
echo " Usage: lost_at LAT LON DATE®
echo * Example: lost_at 9.5 100.3 01080612
echo""

exit

echo $LAT SLON $DAYT
WNDARC=/home/npom/windarc
HDDERU=058.240.wnd_ucmp.ht_sfc.10.0.20
HDDERV=058.240.wnd_vecmp.ht_sfc.10.0.20
count=0
for INCT in 000 006 012 018 024 030 036 042 048 054 060 066 072 (078 084 090 096
102 108 114 120
do
DTG=".fincdate.pert SDAYT SINCT
if [ -f ${WNDARC}past/${HDDERU}${DTG}.000.GRIB ]
then
count=3((${count}+1})
echo ${HDDERU)${DTG}.000.GRIB
echo ${HDDERVI${DTG].000.GRIB
cp H{WNDARC)/past/${HDLERU}${DTG}000.GRIB /home/npom/exac/$
{HDDERU}${DTG}.000.GRIB
cp HWNDARC)/past/3{HDDERV}I${DTG).000.GRIB fhome/npom/exec/S
{HDDERV}${DTG}.000.GRIB

olse



break
fi
done
echo loop $count
if [ $count=2]
then
DAYI=0.26
elif [ $count=41]
then
DAYI=0.75
elif [ $count =6 ]
then
DAYI=1.25
elif [ Scount=8)
then
DAYI=1.75

elif [ $count = 10 ]

then
DAYI=2.25

elif [ $count = 12 ]

then
DAY1=2.75

alif [ $count = 14 ]

then
DAYI=3.25

elif [ $count= 16 ]

then
DAYI=3.75

elif { $count = 18]

then
DAYI=4.25
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elif { $count = 20}
then
DAYI=4.75
elsa
echo "it's too long”
exit
fi
echo before $DAYI
¢d /home/npom/exec
cat *_ucmp® > wndu.grb
cat*_vemp* > wndv.grb
/home/npom/pomvbin/wgrib -d all -bin -0 wndu.bin wndu.gro
/momea/npom/pom/bin/wgrib -d all -bin -0 wndv.bin wnav.grb
Mome/npom/pom/bin/stress wndu.bin wndv.bin
#
#run POM Script
#
cp ${HOME}/binwind/20${DAYT}/pom.s ${HOME}${DAYT}.s
mkdir /home/npom/cass20${DAYT}
cd mome/npom/case20${DAYT}
# preliminaries. get date, set run label
# move to data directory, setup subdirectories
date
mon=3(dats +%m)
déy=$(date +%d)
LABL="_POM.${mon}.${day}'
echo RUNS{LABL} out.$$
test -f pos.dat'&8 rm pos.dat
# process MEL SST and Wind files
# convert from GRIB to binary, then
# reformat and interpolate to model grid
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# sel model parameters for this run

# 1) setup forcing and sst files

# 2) copy previous history file for restarting
# 3) grab initial particle locations from file

# and run model

time /home/npom/pomybin/pom <<END_POM_PARAM >out.33$

&PARAM
LABEL = 208DAYT,

DEPTH_FILE = ‘Yhome/npom/pom/dat/Depth’,
TEMP_FILE = Yhome/npom/pom/dat/Tsig1.d’,
SALT_FILE ='/homse/npom/pom/dat/Ssigl.d’,
SST_FILE ='none',

XFORC_FILE = '"home/npom/exec/Xsiress’,
YFORC_FILE = "home/npom/exec/Ystress',
HIST_FILE = '${HOME}${DAYT}.s",

XPOS = $LON,

YPOS = $LAT,

MODE =3,

DAYS = $DAY],

DTE= 20.,

ISPLIT = 45,

FORC= 8,

DIAG = .TRUE,,

RAMP = 0.0,

PRTD =0.128,

SMOTH = 0.1,

HORCON =0.2,

VMAX = 100.,
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ISPADV =5/
END_POM_PARAM
date
myv fort.60 pom.sav
mv pos.dat pos1.d
rm -f ${HOME)/3{DAYT}.s
# cp pom.sav work3/npom/pom/day/
# cleanup from run
# move output files to storage directory
# save the history file
# process for graphics
mome/npom/fforecast.job ${DAYT} ${DTG)

exit
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Forecast.job

#/bin/sh

# Bom shell script to search object

# LtVirya Laung-Aram

DAYT=$1

DTG=%2

cd /home/npom/exec

m -f*

cp home/npom/windarcforecast/* .
cat*_ucmp* > wndu.grb

cat*_vemp* > wndv.grb
/mome/npom/pom/binwgrib -d all -bin -0 wndu.bin wndu.grb
Mome/npom/pom/binfwgrib -d all -bin -0 wndv.bin wndv.grb
/home/npom/pom/bin/stress wndu.bin wndv.bin
cd Mhome/npom/case20${DAYT)

{astiow="tail -n 1 posi.d’

LON="echo ${lastiow} | cut d’*' f2’

LAT="echo ${lastlow} [ cut -¢' ' {3’

echo $LON SLAT

# preliminaries, get date, set run label

# move to data directory, setup subdirectories
date

mon=$(date +%m)

day=${(date +%d)
LABL="_POM.3{mon}.${day}"

echo RUNS{LABL} out.$33

test -f pos.dat & rm pos.dat

# process MEL SST and Wind files

# convert from GRIB to binary, then

# reformat and intemolate to model grid



# set model parameters for this run

# 1) setup forcing and sst files

# 2) copy previous history file for restarting

# 3) grab initial particle locations from file

# and run model

time /home/npomV/pom/bin/pom <<END_POM_PARAM >out.$$
&PARAM

LABEL = 203DTG,

DEPTH_FILE = 'Yhome/npom/pom/dat/Depth’,

TEMP_FILE = "home/npem/pom/dat/Tsig ',
SALT_FILE =‘/home/npom/pom/dat/Ssig1.d',
SST_FiLE = 'none’,

XFORC_FILE = "/home/npom/exec/Xstress’,
YFORC_FILE = Yhome/npom/exec/Ystrass',

HIST_FILE ='/pom.sav',

XPQOS = $LON,

YPOS = $LAT,

MODE =3,

DAYS = 4,

DTE = 20,

ISPLIT = 45,

FORG = 12,

DIAG = .TRUE.,

RAMP = 0.0,

PRTD = 0.125,

SMOTH = 0.1,

HORCON =0.2,

VMAX = 100.,

ISPADY =5/
END_POM_PARAM
date
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m -f fort.60

rm -f pom.sav

mv pos.dat pos2.d

cat pos?1.d pos2.d > object_position.data
# cp pom.sav /worksinpom/pom/dat/

# cleanup from run

# move output files to storage direciory
# save the history file

# process for graphics

rm -f /home/npom/exec/*

exit
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6. MANUIN

6.1 An Ocean Forecast Model for the Gule of Thailand and

Andaman Sea

Naval operations on the high seas often require a detailed knowiedge of
the ocean environment, particularly with reference to the wind, the waves
and the currents. Thus, sailors have always referred to tide tables or
weather reports to do their jobs safely and competently. In modern times
numerical models of the ocean promise to extend the sailor's knowledge
into the realm of forecasting ocean waves, currents and thermal structure
much in the manner that numerical weather forecasting has improved our
knowledge of the atmosphere. These "models" use computer software to
apply the laws of fluid physics to air and sea water, and give the mariner
a level of detailed knowledge that was undreamed of just a few decades

ago.

This progress report summarizes the first six months (January 2000 - June
2000) of a project to produce ocean forecast software for the
Hydrographic Office of the Royal Thai Navy (RTN). The RTN seeks a
numerical forecast capability that will provide one to five day forecasts of
ocean currents, sea temperatures and surface elevations for areas of the
Gulf of Thailand and Andaman Sea that border and include the territorial
waters of the Kingdom of Thailand. Such a forecast should prove a useful
aid to: (1) search and rescue operations, (2) the tracking and containment
of sea-borne effluents, (3) fisheries and other ocean resource management

activities.
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This report covers several topics:

o the reasons why the Princeton Ocean Model (POM) is a suitable
model for this project, |

o some specific details of the configuration of POM for the Gulf of
Thailand and Andaman Sea (SIAM POM),

¢ an example of the forecasting capabilitics of STAM POM,

e a workshop conducted for officers of the Royal Thai Navy,

e plans for future modifications and improvements to the STAM POM.
6.1.1 Selection of an Ocean Model

All ocean models contain approximations to the actual physical laws that
control the ocean. These approximations range from the method by which
the laws of physics are reduced to equations that can be solved on the
computer, to the approximation of physical phenomenon that is not well
understood, such as turbulence. There are many fluid dynamics computer
codes from which to choose, but few are completely suitable for the job
of forecasting conditions in the Gulf of Thailand and Andaman Sea.
Knowing the operational needs of the RTN allows one to make a fairly
general statement of the features or characteristics that a numerical ocean
model must have to meet those requirements. The ocean forecast model

chosen for the Gulf of Thailand/Andaman Sea project should:

e be capable of modeling the complex three dimensional ocean flows
that are typical of a shallow coastal ocean basin,

» model both dynamically driven and thermodynamically driven flows,
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o correctly mode] time scales of motion that range from tidal (12 hours)
to seasonal (1 year) periods,

e have a flexible and accurate treatment of complex bathymetry and
shorelines,

e have a reasonably accurate treatment of turbulence and dissipation,
particularly in the vertical direction,

e be economical enough to run with modest computational resources.

A numerical ocean model that includes dynamic, thermodynamic and
turbulent physics requires one to solve a coupled set of almost a dozen
differential equations in three space dimensions. The equations constitute
a classical initialboundary value problem for partial differential
equations. In such problems the result or solution depends not only on the
equations but on the initial conditions or state of the model, and on the
boundary conditions or values that are assigned at the edges of the model
domain. As an unavoidable consequence, the quality of the model
forecast dependents not only on the accuracy of the model physics but
also on the quality and accuracy of the data that is used as boundary
conditions and forcing for the model. Emphasis on choosing a good
numerical ocean model must be followed closely by emphasis on

obtaining good forcing and boundary data.

There are few candidates for ocean models that meet these demands.
Most coastal models, as used by coastal engineers, focus on near-shore
phenomena where temperature variations are secondary to wind and wave
effects. Also, coastal engineering models are often proprietary software

systems that require significant licensing fees. Deep ocean models (such
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as the GFDL Modular Ocean Model) tend to treat bathymetry, the free
surface, and turbulence in a less than optimal ways. The Princeton Ocean
Model (POM) and the Sigma Coordinate Rutgers University Model
(SCRUM) are two regional scale ocean models that meet, for the most

part, the criteria for modeling the Gulf of Thailand.

The Princeton Ocean Model satisfies most, if not all, of the requirements
listed above. POM's basic equations are the three dimensional, non-linear,
primitive equations for momentum and energy, written in finite difference
form. The model uses hydrostatic and Boussinesq approximations to
eliminate high frequency motions not of interest to a five-day forecast.
The values that are forecast (the prognostic variables) are: the velocity
components (u, v}, the free surface elevation (e), the temperature (T), and
the salinity (S). Turbulent energy is also forecast, while the vertical
velocity is calculated diagnostically if needed. The POM model has a
generalized curvilinear horizontal (x, y) coordinate system that can
conform to the coastline to resolve the coastal boundary effectively. A
"sigma coordinate" transformation is used to represent the vertical
structure (fig 1). Using this method, the vertical coordinate (z) follows the
bathymetry to provide a realistic treatment of bottom effects and
increased vertical resolution in shallow water. The horizontal and vertical
grid templates are staggered (Arakawa C grid) to calculate velocity
components and mass (T, S) tendencies at different grid points. This

staggering improves the numerical accuracy of the finite differences.

Besides the definitions of the vertical and horizontal grids, POM requires

a number of input fields in the form of bathymetry, initial conditions and
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boundary conditions that must be supplied by users before a forecast or
stmulation can be made. These fields define the starting condition of the
model and force the model at the boundaries. The most important fields

arc.

¢ bathymetry (ocean depth) and coastline data,

¢ initial values of free surface, velocity, temperature, and salinity at all
model grid points at the initial time (t=0),

¢ surface mass and momentum fluxes such as wind stress and heat flux,

e values of free surface, velocity, temperature, and salinity at all the

open {ocean) lateral boundaries of the model domain for all times.

The Princeton Ocean Model is widely used by scientists and engineers in
a number of countries to investigate many different types o. ocean
phenomena. The model has modeled estuaries and harbors to study tides
and the dispersion of pollutants. It was used in studies of the response of
fresh water lakes to storms and seasonal heating/cooling cycles. Larger
scale models successfully modeled coastal and continental shelf
circulation. And there are several POM studies of basin scale ocean
circulation in the Mediterranean Sea and the entire North Atlantic Ocean.
The US National Weather Service uses POM to conduct its regular
operational forecasts of the Guif Stream region of the North Atlantic. The
global network of POM users (more than 600 of them) serve as a valuable
source of information and support. The basic POM model software is
freely available from Princeton University. A more detailed description of

the model can be found in the POM Users Guide
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6.1.2 THAI POM

The basic POM numerical ocean model has been modified and enhanced
for the Thai Navy ocean forecast system (THAI POM). The model
domain covers the primary region of interest, the Gulf of Thailand and
the Andaman Sea, and extends at the boundaries to provide a buffer from
undesirable open boundary effects. This region ranges in east-west extent
from 92E to 110W and northsouth extent from 3S to 18N. Over this area
a 90 by 105 rectilinear grid has been drawn with 0.2°, or 22 km, spacing
‘between grid nodes (fig. 2 model grid). Twenty levels are used to
represent the vertical structure. This domain is easily revised to cover
larger or smaller areas at greater resolution. Realistic bathymetry, initial
conditions, forcing and boundary conditions are required to run the model

effectively.

Bathymetry for the THAI POM model comes from the publicly available
ETOPOS5 data set, a 5' resolution global bottom depth database. The Gulf
of Thailand is quite shallow, less than 200m, from the bight of Bangkok
out to the edge of the South China Sea. The Andaman Sea, by contrast,
has a deep basin of more than 3000m that is bordered on the west by the
Andaman and Nicobar Islands. The entire area is filled with small islands
and complex shoreline geometry. South of the island of Sumatra is the
deepest water, the Java Trench. Because this area is part of the THAI
POM region but not of vital interest to the RTN the depths here have been
arbitrary truncated to 3200m to match the deepest area of the Aadaman

Sea.
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Inittal conditions for the forecast will normally come from restarting the
model using the forecast from the previous day, but it is desirable to keep
the forecasts from straying too far from normal ocean conditions by
weakly constraining them with climatic values of temperature and
salinity. A regional subset of the seasonal Levitus ocean climate (a
publicly available long-term average of temperature and salinity on a 1°
x1° grid) is used for this purpose. Interpolation software transforms the

coarse grid bathymetry and climate files to the THAI POM grid.

Forcing for the THAI POM model comes from the Master Environmental
Library (MEL). Presently the only MEL fields used to force POM are the
10m global winds from the Navy Operational Global Atmospheric
Prediction System (NOGAPS). These winds (east and north components)
are converted to wind stress with a simple bulk drag law and interpolated
to the THAI grid. Heat fluxes and evaporation rates may also be
calculated with bulk formulae but require fields from NOGAPS that are
not routinely available. Instead, the sea surface temperature is used to
constrain the model surface temperature in a way that simulales heat

fluxes.

The lateral boundary conditions require special explanation. Velocity,
temperature and salinity on the lateral boundaries of a regional model
may be supplied in one of several ways: (1) extensive observations, (2)
output from a larger scale ocean model, or (3) by artful approximations.
Since observations and large-scale ocean model output are seldom
available, the lateral boundary conditions are usually approximated by

"radiation” conditions (where waves originating inside the model are
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allowed to propagate harmlessly out through the boundaries), or by
"sponge” conditions (where disturbances are absorbed by a specjal

algorithm at the edge of the model grid). |

The lateral boundary conditions for THAI POM must be applied at two
important boundaries, the South China Sea to the east and the Bay of
Bengal to the west. At these boundaries the temperature and salinity are
fixed to match Levitus climatic values and a simple radiation condition is
applied to the velocity fields. The northern boundary of the model is
formed by the Asian continental landmass, while the southern boundary
is effectively the Indonesian island archipelago. Narrow straits Letween
the Indonesian islands are minor openings along this edge that are treated

similarly to the eastern and western boundaries.

As configured, the THAI POM model runs comfortably on a 500Mhz PC
with 64Mb of memory under the GNU/Linux operating system. The
POM code compiles easily using g77 (the GNU/Linux Fortran 77-
compliant compiler). With the present configuration, a 90x105x20 grid
requires about 30Mb of memory and about 3 minutes of CPU time per
forecast day. Experience indicates that doubling the horizontal resolution
to 0.1° (180x210 grid) increases the memory requirements to about

100Mb and the run time to about 20 minutes per forecast day.
6.1.3 Model Demonstration

A period from 1 March 2000 to | June 2000 was chosen to demonstrate

and test the forecasting capabilities of THAI POM. During this period of
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time the winds over the region transition from a winter to a summer
regime. In the winter the predominant winds are the Trade Winds that
blow from the northeast (fig. 16 Mean Wind March). The Monsoon
winds, from the southwest, dominate the summer (fig.17 Meaa Wind
May). This change of forcing, which occurs in the spring (April),
provides a good opportunity to observe the response of the model to the
two dominant characteristic wind-forcing events the model will encounter

over the region.

‘Winds and sea-surface temperatures for this experiment were collected
from MEL and archived for the required 90-day period. The model was
started from rest with Levitus T, S from the winter season. A wind stress,
that from 1 March 2000, was used to accelerate or "spin-up" the model
for 30 days. In shallower water the model reaches a nearly steady state in
just a few days while in the Indian Ocean it takes more than a month.
Wind stresses, at six-hour intervals, interpolated to the THAI grid, were
calculated and used to force a sequential series of seven-day forecasts.
Each seven-day model simulation starts seamlessly from the previous
seven day run so the sequence effectively produces a continuous 90-day

simulation.

The plot of wind stresses for 28 March 2000 (fig. 18 shows a typical
winter Trade Wind pattern, with the wind blowing across the South China
Sea and into the Gulf of Thailand. The wind forces a strong northward
flowing ocean surface current along the western edge of the Gulf (fig. 19,
Currents 29 March). This current pushes water into the Gulf of Thailand

raising the sea level by more than 20 ¢cm (fig. 20, Free Surface 29 March)
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and causes a clockwise circulation pattern in the Gulf. Another strong
current flows southward along the Malayan peninsula toward the entrance

to the Malaccan Straits.

In the Andaman Sea the Trades drive a northward current that eventually
exits through a passage to the Bay of Bengal. During the res. of the
period (March 2000) the Trades were generally weaker over the
Andaman Sea and were often interrupted by storms from the Indian
Ocean. Because of the varying winds and the greater depth of the
‘Andaman Sea, the ocean surface currents here varied much more during
the simulation pertod. Figure 21,)Surface Currents for 16 March, shows a
much different surface current pattern for the Andaman Sea. This figure
shows a strong clockwise circulation pattern at the entrance to the Straits
of Malacca and a southward flowing current along the coast of Myanmar.
Surface drift in the Gulf of Thailand and the Andaman Sea during the
Trade Wind events can be followed with particle tracking software in
(THAI POM A few representative trajectories for the month of March are
shown (fig 22, labeled 1-4) in the particle path plot. These are the paths

that an object drifting with the surface current would take.

In contrast to the Trades, the Monsoons tend to push water out of the Gulf
of Thailand on to the Sunda Shelf and into South China Sea. A
representative case for Monsoon wind stress (fig. 23, Wind Stress for 31
May) shows currents in the Gulf of Thailand flowing to the southeast
along the Cambodian coast (fig. 24, Currents 1 June). The surface
elevation in the Gulf (fig 25, Free Surface 1 June) drops by almost 10 cm

during this wind event.
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These results are quite reasonable for the forcing conditions described but
need to be verified or confirmed by observations. The verification process
should suggest certain adjustments or changes to THAI POM that will

improve the accuracy of the forecasts.

6.1.4 Workshop

As part of the effort to start an operational ocean forecasting capability at
.the Hydrographic Office of the Royal Thai Navy, the author of this report
traveled to Bangkok in April to deliver a working version of the THAI
POM model code to the members of the team who will eventually run the
model. An important purpose of this visit was to introduce the
Hydrographic Office to the basic elements of POM and to show them
how to run a preliminary version of the model. It was also very valuable
to meet the members of the forecasting team and learn firsthand of the

RTN operations and uses for the forecast model.
6.1.5 Additional Areas of Works

As a result of the visit to the RTN Hydrographic Office and discussions
with modeling team members, several additional areas of work on the -

THAI POM forecast system are:

e write scripts to automate the operation of a daily ocean forecast and to

interpolate various formats of forcing fields to the THAI grid
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add a tidal boundary condition to the model so tidal currents and
elevations will be represented,

improve the surface forcing with fluxes calculated from NOGAPS
data,

refined the surface drift calculation for different types of drifting
objects,

make comparisons of forecasts with local observations of sea level,
sea surface temperature, and trajectories of surface drifters,

integrate an oil spill dispersion model into forecast system.
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