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SIRAPORN TONG-U-DOM: SIMULATIONS OF CIRCULATION IN THE
NORTHERN GULF OF THAILAND BY USING A NUMERICAL MODEL UNDER
DIFFERENT OPEN BOUNDABY CONDITIONS. ADVISORY COMMITTEE: ANUKUL
BURANAPRATHEPRAT, Ph.D. 123 P. 2018.

The objective of this study is to compare the simulation performances of the
Princeton Ocean Model (POM) in the Northern Gulf of Thailand (NGoT) to investigate
suitable open boundary conditions (OBC) in simulating water circulations in this area.
Water circulation in NGoT was simulated under two OBC including the elevation forcing
condition (Case B1) and the current forcing condition (Case B2). Monthly mean wind,
tide, river discharge, water temperature and salinity and bottom topography were used
as major forcing in the simulations. The results show that water current was strong (100
cm/s) and did not change seasonally near open boundary. However circulation in the
upper Gulf of Thailand (UGoT) was varied by the influence of seasonal wind with
average current magnitude of about 10 — 20 cm/s. Case B2 generated weaker, but
seasonally varied, current near the open boundary, compared with Case B1, and also
wind seemed to control the residual circulation in UGoT with current magnitude of 10 —
20 cm/s. The model calibrations with measured tidal data showed better results of Case
B2 than those of Case B1 in simulating water circulations in this area.

Seasonal variations in surface and bottom circulation in NGoT from Case B2
were changed by seasonal wind. Monthly depth averaged currents in the southwest
monsoon was directed eastward in NGoT and a clockwise circulation (CW) was
generated in UGoT. During the northeast monsoon, water circulation was directed
westward in NGoT, while in UGoT a counter-clockwise circulation (CCW) was
generated. A CCW and CW were generated in NGoT and UGoT respectively, during the
1* inter-monsoon period. In the 2™ inter-monsoon period, a weaker circulation was

directed westward in NGoT and a CCW circulation was generated in UGoT.
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AT 2.3 N1FMAREUNTLRAUILLIUI LB (F1s) waziuuiTuilau (91) (Kant & Burns,
2015)
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ANNNINUFIVTRANNNTAILAN (Governing equations) Tun1sAnEnTsinaew
nrzuatinlag luuuanaeaderiaee Usenaufaaannisnisaaatd (Equations of motion)

LL@zaumimiﬂﬁﬂﬁma (Conservation of mass)

2.3.1 @uN15N15LAAUN (Equations of motion)
d da s A - . , 4 A
aun1INTAReUNiTangdah 2 289H96U (Newton’s second law) Wsaizenan

ALNNINANNF I LN UAN Lﬂumumiﬁugmm%@%mﬂﬁqmmﬁuﬁuﬁiwdwma L3N LAY
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F= ma (2.1)
dl o v a dl
WanIua liuaN AN AN
DV F
— = — (2.2)
Dt m

QI/ A o dl I % [ % dl o 1 %
1A aMTNITL AWML AIANL Azl U TRE AT LKINNNINTENIFABADL
1111 TAELINNINTIZNIFBNITLARDUNTBINAAUN LA LA ANHLANAINIAIANNAL
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2.3.1.1 ANNLN (Acceleration: a) AREMINNITLLALILMLAIAIHNIFIUDIRENT
a dl 1 09; dl 'S = 1 a a9
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Du ou du du ou
—=—tu—+tv—+w— (2.3)
Dt ot X dy z

Dv v ov v ov
—=—tu—+v—+w— (2.4)
Dt ot dx ay 0z

Dw aw ow ow aw

— = —4u—4+v—4+w— (2.5)
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2.3.1.2 ANULANFANTBIAINAL (Pressure gradient: P) Lﬁmmﬂm'ngwm
o o o ' o o a a4 A A a o A
TLAUUINSLA Tmﬂmmmu‘wmﬂmwuﬂummuummﬂm\imimafauw LHRNATTIUNLLINALN

N9eNAAFNIATEN TUUUILNL X (AT 2.6) a2 L AUAFN9IIANNAUAIRNNNT

b4
A
R— ~— p+0p
0z
oy
y OX
> X

A 2.6 ANAWNNIENIFABARLNIATINIWIUILNYL X (Stewart, 2008)

AF, = pAyAx — (p + Ap)AyAz

(2.6)
AF, = (—Ap)AyAz (2.7)
Tnefi
Ap = Z—ZAx (2.8)
LﬁﬂLquﬁ@Nﬂﬂﬁ‘ﬁ (2.7) Aagannng (2.8) QUALIUANNNT AT
AF, = — () AxayAz (2.9)

anngdien 2 westafuanimaauannisliielugtassanduingardng

ANHITSLAZ USSR AN AN LAN AN TasANALlug LU s LU A A ST AL
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%: —(l)a—p (2.10)

%: _(l)a_p (2.11)
Dt p/ 3y '
D_W: _(l)a_p (2.12)
Dt p/) 0z '
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nadadnguuialaninisiaaeun luiuany Inausdlasledsazinlidnginisaediuuean
a A Aa oA o A A A 4 A - ~
ANAANINNITIARRUTLAN TuRadhgRnaeunaguuEnlanwilaaviuulinismanaesianig
n7eaeun waziuulinsinsresianianisinaeun ludnlanls Inausalasladaduny

Y v

1 a v dl 1 o ' . 1 A dl Ly a a
pNTITR AU lanuansAeiululAaziduia (Latitude) nanapanAudgnsusaleslons

v 1
P

N e - A, a & A | o PRI P
wal”mu@juﬂ LL@zNV’nLWN?HLN@@%UUL@H?QW@QﬂJubLﬂ (NN 2.7)

Q a

f =20Qsin0O (2.13)

anunsndauliiag lugluuuniaafamauliidy
fu=(20sinf) xv (2.14)
fo =—(20Nsinf) xu (2.15)

2.3.1.4 usaliludaaasian (Gravity force) ABUIIAIAATENINNNIA LRAAINNITA

Ingynatadussnneatludesuarnseinseiy Tnaussnsgaazudsdulnenseiuuaaeg

q

[ %

f1n) uazulsunAUAUIz AN 9T NNIAENNNAIARY IaNa TN ATasLsa T
aNfuusUReeUilAutnans (Centrifugal force) MAnaINNIIMYUIaLAALEITR4IANAINTT

1AeaNNIT ALY

g= —(GiIZWE) — (mw?r) (2.16)
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dl a a a a Y v = A = &
NN 2.7 aninaresualasledaniuadngereaduialuinianmilauazanianls

(Strahler & Strahler, 1987)

¥

= oo dl o 4 A o aAa &
2.3.1.5 U3LAAN1U (Friction force) ARLINATUNTIARDUNUARIIRDNNALU

q

2 1
[ = o o

syndiadngiuiunieduda TnadvianenssdiniuiiAn1anisinaeunzesdngane Wae

q

|
A =

thnansndaNAunIaeunzedtin aziansiunlugaedusaaa (Shear force) Mifin
ﬁg, o Y 091 dl al % 09/ dlal 1
UAUARUIBINIATIN (Water parcel) Tannanuaadsaniune lufaunatinfizendn

= . . A oA a o A o o o o §va a
AEIA (Viscosity) wsaiRaunaussinseinluiindudasasing vinlidngnanig
iwanuwlasgingadisyu (Angular deformation) Tneiussidauninseinsanaanungg
F8n97 ANNLAWRRL (Shear stress) (Smits, 2018) (N7 2.8) Beaaduanudasia buld
(Incompressible fluid) 111 17 #1110 SN DNUDILIURLANIVATNITULNTAATAIT eI

1Hsaanng

_ l aTxx aTxy 6sz)

F, = p(ax o (2.17)
_ 1 0Tyx  OTyy a'ryz)

F,, = p(ax $R (2.18)
= 1 (% | Oy af_)

E, = p(ax + o2 2 (2.19)
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ANT 2.8 AHLAWRAUNIAATUALARUNIANN (Smits, 2018)

2.3.2 zwm&msay%’nﬁu?ﬂ (Conservation of mass)
ngnseuinIFRlavTaEEnanatedtaNn1sANseLiies (Continuity equation)
WU NANTNEIL BN U IBINIAZENT WUABNATINTBINIAG NN ANNE Uz LLARNNT

wannulasfiaadiAnasa ludnisgounaviaiaiulus (nwi 2.9) Asaunis
M; = pulyAz (2.20)

M, = (p + Ap)(u + Au)AyAy (2.21)
\HeWasuAINANduaa (Mass flux, Mg) Baunaouidingiinnsasinnii fieq
winunaagsiluaeen (M;) aufaaniadnsy vadinluiBung (M,) da1u1sn@auannig

Taglugtuuuiinansnme ity

_ (9(puw) | 9(pv) |, 9(pw)
Mp = (2224 o 4 2 ) AxayAz (2.22)

v
) 1

A o Y ° 4 A v o A
LN@‘LA’]MWsl‘ﬂum?ﬂ’]u'JMﬂ’]?Lﬂ@@uVlWﬂ\‘iu’] @’]Wﬂ@’]’ﬂﬂ’]’]u’nﬂuﬂl@ﬂiﬁ@ﬂ
A o Wyy A Yy ' P ! A
@qﬂq?ﬂuufﬂﬁimu@ﬂmqﬂ quﬂ@iﬂqulﬂﬁqﬂq?ﬂuuﬁﬂﬂllﬂ FINAITNUUINLLUUAIN LRTATINTO

AELANNTANFAAT A AN 2.23
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ou v ow
(a-f-@‘f‘g) =0 (2.23)

NN 2.9 NIeRNENIAT84AANT MLTNIATAIN (Smits, 2018)

2.4 WULANABIBNINNAANRAT POM 3 35

WULAN AT a7 1 lunnsAneASalii@adn Princeton Ocean Model (POM)

k7 1

gnimWnTuIAg Blumberg and Mellor (1978) LUAUIULBENNNINNTARRUNLATANNNS
nsaydnfuna uiLL1aed POM luluuAnaes 3 86 (Three dimensional model) N1i
WATANITLLNNATA (Grid) Tun13Aa el T UL WL Finite difference waznam i
waRaduluy Sigma coordinate system (n# 2.10) Balunsutianaatinluiuafg

:: =K a 1 09; a . o £ [J o d” v
aaniludu °) muANaNEendT duEnun (Sigma layers) 1 lin1sanaeqdnszNuias
nziaiAnInALheeiuaNLuage (Realistic bottom topography) #111304188931 WL

= 0’1 % v a o a 09; a a y
n7luaRsunssian b lnddeaiuan naseidlunsade waztdnamisde wanann

dy PRy o o (% = P o y ' &

aun1siugunlilunisAtuaninszatiude POM dnistiiunisAuanmuiulauediin
(Turbulence closure sub-model) NBANIINITHAN LA ULRINIAWN JUUIAY HaganT

¥ ]
ANANA AN lnaRaunszudin lunzaf IEFuanEnaaInaN IIuTnNas LazAN

YU DIRINZLALTUNAN
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n
e

7

A1 2.10 nrgutietiinlussuURTAENNN (The sigma coordinate system) TuuULAN a8

POM (Mellor, 1998)



Eet Parameters

Initial Valued

aooo
IINT =1, IEND

ADVCT
BRROPG

Print ‘

Edjust integral

of U,V to mata

Compute EL

1

ur, VT

BCOND (1)

VEETVL
BCOND (5)

1

1

AOVAVE

ADVQ (02
ADVQ (Q2ZL)
PROFQ

BCOND (6)

Y

Compute UA, VR

Y

1

ADVT (T}
ADVT(S)
FROFT (T}
PROFT (S}
BCOND (4}

Compute UT,VT
for use in
Internal Mode

Y

BCOND(2)

ADVD
ADVWV
PROFU
FROFV
BCOND ( 3]

Figure 2. Flow diagram of the
code. The boxes with sidebar
contain subroutines.

AN 2.11 LHBAINNTZLIUNIINIILARILLLANAEd POM N5

NFANUIRLLIL 3 HE (Mellor, 1998)

v
o

16

NINITANUIILLIL 2 HE LAY
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awv a o ¥

2.5 MURENLNELIUBY

Wyrtki (1961) TAEINM98199aNTNENNINWNNZIAUAZANNIANERTLIWLTIINL
nziaauld wazanalnanialilazenns Naga expedition Tutl 1959 - 1961 waa1nn19d1994

! = 091 a = 4 { Yo a a

wudngduuunisluaneunszuatn uisnomeaaulfivazanalng lAFuananaainauusgy
dundn Tneludeanguequaziunniaaslfivsangfeu (wguniaN - fuanew) nsianau
nezuan ludangduuuunuduuing dewludasggusquazdueandaunilevians
WU (AR1AN — WN91AN) NIzuatn lnautLmauduuiin

Yanagi and Takao (1998) l#vinn1sAnmnisluaiaunssuatinungnialy
anlng Ineldunusiaes 3 HRmuiudayannuin auuniaesimeia waviayaauild
ann19d199anelilATaN1s NAGA Expedition FIUELAUEAAIAN 1959 — ABURIUIAN
1960 taannsAnwudnaniilulasauanlunisiuanaunszuain Tnawunisluafew
nezuatuuuminRNIERMNANE9 tarnisTraBaunszuaiinuunawduuning
tanningnavivludasannsguaziteanaeaniia (\RauRa1AN 1959 ULaziAauilaIAN
1959 — LAAUNNIIAN 1960) LATTNANNIANATIUAN@ReNTH (AauluIAN — eI 1960
LAZIRBUNG UL — BIUIAN 1960)

. ¥ o =2 = 091 {

Aschariyaphotha et al. (2008) lananis@nsnisuaReunseuannlugnalne
Tnalfuunsiaasgnnnarians POM sanfutladaudn lHun an gouuniuazauANTes
09/ ¥ o o dlda a 1 = 02/ =S 1
tnzia uazlininmaseuiadenidninasianislnaaunszuatin nan1sANEINLG
Tutdaanausgunzdueanidamile (nsax) nazuat anuusudsuninBunmeds
% o = v 1 % o < 1 a dl ] ]
AunzIuAnaelfi1e819AN8 §RI11396aNILTREU (0.30 m/s) dauluTaengusgu
mpesuaniBeld (nsngnaw) nezuatn lnawuumuduuinilEnunadnfoedne s
49415010 0.27 m/s AU AU ELLATAAIANNILUATNNANHIIZILINNGITI9IAN
I | = A4 Ao = =
au Wesanidutsulasuggueguianianszi Ingluneunseunislna e

0” 1% =K o A 1 o -4 I ] A 091 =
nazuarIAdEARIIUIRUNNIIAN WNERs3Tiondn dauhauRaIANNTEuATNE UL
Tuduan uaannnisneasufastainnsnaglléidn auduiladeuanndnaliinszuatind
v !

Anmoizuaanaziin uggnasine o daugninniuaranuintesimeaduiadendeuasie

sUuunnsluaReunszuatinluisnmea g
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Buranapratheprat (2008) #5181 un1sluaineunssiainiznmnena nanauu
IALN1INUNINUITEANNNNTANEINT AR EUNIZLETN 3 Uszianaa (1) Nsagaadn
1p8m99lUNAZUIN (2) NNTIERULRNABININAIAANERT LAz (3) N3 ATAT LG

1 =< f// % % o A o o Qi al
WugINIANEIe 3 wuuliinaaenriesiupe aunsquiludadaudnnasuannislnaRey
nszuatignatsnaen ineneuuy Tnaludasanngannzdueaniaeanile (WgAaNeu -
1n31AN) nezwath lnauuumawdnuniniiansannameuuy waslugosaunsguazdunn
= [ a o” v :/’ 1 > <1 >
el (WA - anan) nezuar alinauuumauduuning wazandnuning
datialanauifasanuiuen wilaesinlinunssuatin wawuuniudEufing

Buranapratheprat et al. (2009) An®1N17 WAREUNTZUATINLTIIUE? e RauLIL
Tnelfuuudnaasgnnnadnans 3 16 POM saniudayaau dayaniduinas dayatnvin

a =3

LAz daLAg U NUATANNLANT I IINEAAINTaY AN TR luN1TA U A UL LA a8

=2 1 o,/ = dl dl ¥ v A
HARINNITANEINLIINIZUATN NN LR EULLUAII NN ANATNEDAAR LTI AN 1UAY
o < | o = v & < >
dnsiaresan Ingludasannsguazdunnaeslinszuatihlvauuusuduuing uay
Tudnsanusquazduean@asmiianszuatin lvauuumauduwnsing GanaainnisAnend

1% v 09/ dl % o d” dl a

pndanAfesiudeyanszuatiniliainnisnsadnluiunas

5ty waainenng uazAne (2554) linnisAnegUuuunisiuaneunseuatinlu
anlnanalfianinzieuld InadiaeinislnaRaunsziatinfos uLAaasgnNNa A& s
POM sanriudiayaay fayagnuniuazmnuiansesiimzialulniozwatiuly artiug
waztln1azlnd naanNnIsANEINLINIZLATNIAINULILAABSHANANRUE AUN Tz AT

o o

;1392 3RANTUANNIANERT 50 — 60% AMNUUBINIZUAUIANULLAIABINININIIAN TN

'
a0 oa

sUuuunnsluaReunszuatihluanslne Inenudiaufluladtnanndedvanasanis
= o” { IS a 1 a 1 = ogl
TwaReunszuatnluealne lulniasestiulnjuazarfiugrgtluuunisuaReunszuaiin
% KX o A a 1 o” = | A o”
pdeAasiuTnTnzlng uenszuatiniAYINLININNg Tuhe U suNsEuAtin AL
nudnuiniuazluasanaingin neudanannszuan lnaaanaingnaniefinunziumnn
wazluadingramiedrunzdiean luReunaiANNszLadIBUINTRAsURANIN Lazihey
& P o ' a & v o o
unaANnszuan aanfnunzdussnaasaauas lnaldaaullmuas fafunzdunn

ga9819 el



19

[
I o

ANNNI3ILMINLANA1ININLEaeTUNNT Manaunszidtn luaq nauazad ns
paULLNTIIANADARRDIuAdALSNTWEY TIBNARANMENIAINANLANFNTBINIS
o 1 QI v v d‘ o U 1 = 1 =< .
AuuaeBuiuwazdeyaniun i uusaznisfne W n1sAn®1199 Yanagi and Takao
(1998) Apudaufiaiunaannnisd1999284 Wyrtki (1961) WANAINNARAARBIALINITANSEN
283 Aschariyaphotha et al. (2008) 1iuAa Wun1sanaunszuatin ldasaiulugeaunsgy
prdusaniaeNwmie wazn19AnEIa89 Buranapratheprat (2008) ifilianunsnagiiladed
aa a 1 = 09/ | o = v | = d‘ ¥ o
Hansnasianisluanaunszuati lugasaunsguazdunniaes 1 winnnisAnenléninig
b v o A o % dl 1 a a 1 = 091

79U3NNN IHiNAGRAAREIN WA ANIUTA AN NARANINAFANITINAIRLILNTIZLATN LAY
i liAansasuulasninggnialuizuugninawazdvinaneuun Asiuaspos

=8 QI a dl o a 091 1 1 dll
ANgANEIRNIANIARUNT anaunszuatn luar Inauazana namauuy lilanagadl
TTadaNNaNINaRanI7 MAREUNTZLAY LAz Nauluuaumln1aLLLAN AR RN AN
winnzanlun1snNN AN AR e un gL luLnsanann el ldnan1sAnua i

In&AsAuANITNA T NNNT 9L
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28n15ALUUN15IRE

3.1 NMFANABINIT IRAREUNTEUAUNLTIINA Inanauuila
MnisAneguuunislnanaunszuann luusazinew unan 12 1hew

' o dlda a 1 a o’l a 1 A dl
sufuTasenaninasansivanaunszuainluiBnuen maneuwile mukaule

R UAATANWANFNNAY 2 WUIL AofILULANaNgNNNaAIaaS POM 3 A

3.1.1 NMISAAATENULILAIRD

[ d’j dld a 1 A 4 a o 1

nupTaLIATasNWNANHTIE enawmile nglfveuaainszdng
azAqn 11.5 D9 13.5 B4ANLNUE LAZABIAqA 99.6 TN 103 a9AAIURaN NINITULNWYA
=® a . o o o o % 1 a al = a dl” dl
Aneeanitlunia (Grid) A wsunisAnuns Inanuua kAL nFANANNALIBL AT NN
(Spatial resolution) IWIAWINAL 0.5 x 0.5 AUAN 1178LsTH0L 926 ANTINLNAT (405 WAL
247 TR9ATUIUIHIUIABIRFALATATAYA AINAIAL) (NN 3.1) LaziInIsnIuuafiuisey
#nedaliiduiuile (Closed boundary) vaglaigninunAuannisluaneaunszuatin THun

a y 1% o 14 A 1% o ! dl 1 ° o Y

Usasanedefinunedunn fumide Aunsduesn wazinizs o neglunsia dmiusiiu
TgnAmualidluinulavesuuudnaed etidinArssAutinauiasaInnziansuanidin
TunigAurnIsinaRauNIz AN wazgafinasyfunkaagusinaanan walden

tviannustn luwsiazananlnasgneia

3.1.2 nM5iATENTayAUNNL
3.1.2.1 pnuanuiiasnzia (Bathymetry) ilndiagananuaniinainszdunimeia
UunanlAaINnsuatn weunslag nevas1auNui nsnannAans nasiniga (The
Royal Thai Navy, RTN) 1x19innnsiszanasan (Interpolation) 1#illqaiinasariuqaivrin
1 o dl ] % vao . dl 1 ::ll 1 % aa a 1 1 all ]
peta9A NN MUAlElag1E735N9 Gaussian Garnnat ndaziansnanInndnAat)

&

Inasanlilainqanfiesnisdszunnuen Asaunnsi 3.1

<= Z?=1(Yi<oi) di L e_diz/rz

n
i:lyi
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,
“00 km

100 101 102 103

AW 3.1 TeuARRnE e ingneumile dudssihuanddenianda
QmﬁﬁyﬁﬁwmmﬁaLLﬁJﬁyﬁmwﬁﬂ WAZTEINIA LUNNIATUIN (926 ANTINRT)
3.1.2.2 fiayaan (Wind) WuiAnieuardnsdaresan wieandu 2 40 lHun
HeyaauRAY e ABUIETINAAIUAT WA, 2542 - 2552 AaTnazEEA 0.25 89N A LdAIN
fiayannaien QuickSCAT (http://www.ssmi.com) Mal¥dviunnasnanennslvaBe
m:mﬁ”ﬁzgw% (Residual current) :endiaw uwardioyaaniadess 3§l anuuUSIaes
N1TANANIINIANTNEIN A European Centre for Medium-Range Weather Forecasts
(ECMWF) (http://www.ecmwf.int/en/about) ANNaziaen 0.125 x 0.125 89F9 Wal¥lunns
f-‘im@qrmﬂu@ﬁwmumﬁ?ﬁmw@”u (Instantaneous current) AMFUNITNIUABL AN
gﬂﬁ@wmmumﬁwmLmuﬁmm TnedayaangniinuniinisyssunmupnfiFniaua

o ] o

sha13aresanlunsaziienliiflapfinanssiutesfnuaniiniuunlilagld Gaussian
method (@197 3.1) Lﬁulﬁmﬁ’u?ﬁﬂgmmmﬁﬂﬁyuﬁmma

3.1.2.3 ?‘ﬁﬂ?;ll@ﬂﬂ‘l’mLﬁNLL@%QMMQﬁﬂJﬂQﬁ”’MZL@ (Salinity and Temperature)
ﬁiﬁ@’m National Oceanographic Data Center (NODC); World Ocean Atlas 2013
(https://odv.awi.de/en/ data/ocean/world_ocean_atlas_2013) Lﬂu?ﬂﬂyjmﬂﬁm’lmﬁﬂu

v
TEZRNAIUAT WA 2498 — 2555 AAuaziden 0.25 x 0.25 89A1 UINININTLTzU AN
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o

foyalilqaiinnsaiuaaiiinesdesriuanniua i wazionisutsdeyasanidu 10

9 9
1 9 1

:// a =X = (% v . = ] a [
dululeIRRNANANTIasNWiamsialae1d Gaussian method (ANNN97 3.1) iAW
3.1.2.4 thyinannuait (River discharge) indiayaiFuinmnanaaasenan
TrEIZEIAILAT W.A. 2543 — 2552 annIuTaLlseniy (Royal Irrigation Department) #1lua
asgann InapeuLURIBININA AN 5 @ne THun wliwgss wdtuinass wainvinay
LHIEINTZEN LazliTiuedeng
o & . 1 P o & . .
3.1.2.5 thautad (Tide) uAnsilaguidasaesszautin (Tidal elevation)
;dl v ] 1 o a 091 a 1 :/j 1 %
Nlaannuuuanaasanalng Tnanirenassnisiuanaunssuatin luiBnuan naisanndon
Fonsingaiu AnduiInIsiuAtss AU ANEnasluaa s uTe LA ATELLLAN AR
! = = dl o o o&/ de; oa,
anlnapaumile 2 4nAe GoT-1 waz GoT-2 (N 3.4) TnediayaseAtiinauinasazgn
[~3 = 1 a o o = n’: da/ ] A :j o v dl %
Aumn 7 30 win lugaananimaaiuiunisfneaislizeusiazinan antiutindieyain ti
WAAZTIIA1TD9919 2 AANNTIINlszinuA LU LIEWAS (Linear interpolation) 19imgariy

N A IO T VG o NI T L e N TS e e N L T N D

3.1.3 N1FAINUANITIINIUABIBULIIAD

nua e ABuAuIeLUUA AN e Naunssuatinag luaninziinile

A o

(Steady state) na19A8 NsAVLA I RN T AsLLL A9T89T AL LA TN TL LA TN BH A1

TuuwuvanaasisaliidAniugud uazlidiannznisilasunlassesssAuuinisnm

a) al al 1 o/ 09/ al dl :j .
gaupLlanesatnaneg IngAszautiasinisilaaullasaandinan (Time step) 289

Aaa

ANTANUINULLIL 2 RB (External mode) @ lunis@neafatinuua ldunanaedan1sA w9

a

UL 2 N5 HAiiy 5 3und innnsanaednisinanaunszuatinmus uuiuluusainew
= ° = o P 1 @ o | °
uaztiinnsAuanen 20 duluudazinen TnaliinisiunadnslugousnaesnisAiuan
HBIRINNITUAT AN HUTLIEALNF HARINTI9UINIBINITATUILLILA A Bd0E L1
dl 1 a o o o o dl ¥ v ! a o % U 1 dl
anngnliianesuazindslfudanaliidngisnasnin Inedunalfainnisgiinaesrnaas

n7zuatNN8 TN URNI AU NS 1 aARAENTLLANUNNNE TUNUNN AU TUTANNA

g dli o < o 1 A 1 dl 091 ¥ =
AANaannaiunaanslusmAazieu LazuAaasreanszudtn liidunislnaley

a A dl =2 og; d” o & [ o o
NITULAUIENDTIELADY FelunisAneafeiiluuanaasldnatdseunn 20 Julunsdiusa

4 ]

o =
WBLLNALANETNIN

u
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3.1.4 38n15ANHINIT IUALILUNTEUA WD

o ) = o” 1 A 1 o % 1 dlda a 1
Minnsanaesnis luaiaunszuain uusiazneudaniuadesing < Adannase
g luaRaunszigtina N Raulrra LA AN WLANFA1STM 2 LU A1NTRENANAIN IR

NILUANNAALANNANNANTIELADY (Monthly Depth-averaged current) NINNNT

| [ 1
=

WU UANNBANANNTENINNAK IS 2 UL (ANA197 3.2) WATNINNIANHINAAINNNT

=

A1ae9n17 lnalRaunsziainesteulanis 2 wiu Seaunmaglduaeuaeanisdnenig

Tuanaunszudun ldsanIng 3.2

3.2 Maulwwraunilnuaswuuaiany
vsnndulfrasuuuanaasgninua Widuseuamads Sedesuiunzianiguen
A miuldrszautinautiasiunisaiuans lneRenlaeumdanlilunsAnwniagn

wwualng Mellor (1998) Tunuuanand POM wikaily 2 wuu Tawn

3.2.1 wuuszALU (Tidal forcing condition)

o ¥ o o o” d” 09/ = [ dl a a o
AualiiAnszAuinTuinasinsdlinanidnneuandaresuusiasai
ANANINAITBITEALT (ANN19 3.3) wazti il lunnsdwanunislvaneunszuatinly

WULRN AR AT
BC = 1 (3.3)

3.2.2 wuunszuAud (Current forcing condition)
ANTTALTNAUINAINNNNIEIAmIT B LA T ATILLILANABNYNENNITNNIS
uilasanarngeaasszauth iduAanuEaaeanssuaintae lfaunish 3.4 naunistindin
d‘ U ) 091 )
Wield lunsAuainszuatin luiuuanaes

HUBC = HUB—l i Con Lﬁ@ Co = 1/gH (34)



o P g g o A o
AMUUANUYNIAN LAZAALATENLLLINAD

= L ° 4
LATEHNTRHAUILTN

- pwANuTiRmzL

- A

- mmtﬁuLm:amuqﬁmaqﬂ”ﬂm@
- i

- UIIUNNAY

AUUAANENAULAEN TN NIULBIUL LA AD

v
A188INTIMAREUNZULAN I RBUIINALTAREFNY
AnReulrrauna

< o & < &
Seulvreumdanuusz i Reuwlvreumdanuunszuann

= o = D”
LLG‘EI‘LI NELNANTT W@’ﬂ\ﬂﬂ']i‘i‘lf‘lﬂmﬂuﬂ?z WAUN

l

AINAFBLANINGYNHBITBIULLANALY

= = &
LL@ﬁﬁﬂl‘f’]ﬂqﬁ\iﬂﬂ LIEIUNTELLALN

1 v v
AN 3.2 LEBAINLA AT UARUNNTANEINIF AR aLNTzuaun TuE e Ingnauie
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L o

3.3 ﬂ']‘i‘[”]ﬁ‘QQ'ﬂ'ﬂﬂﬂQ'lNQﬂﬁ'ﬂQT'ﬂﬂLL‘]J'LI"]'I@’QQ

3.3.1 MsUSLNLUUAZNITNIUADUULLI IR

o o a o oa, all % o :/, dll o 1 o o’l dl 1%

nnsdfuiauszauinnlfannuuusnaseia 2 Reulaiuaiszauinfliainnng

o d” dl a ' o A = o v 1 =
nIvadnlununase Tnansuannaans newinize an1Binizuan (KL) waznsuidvinanii
¥INAU (TC) anHE1I9aN (AU) AnNHszand (RY) LATADNTUIANSEL (LG) WAZ©iNNIInIu
1 Aa oy dl v o dly dl a a 1

AaUANTANINLAZIUIATRIN T LA lAanNNAaa TaTuAuRaT lutTn ey (BS)
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! Aver_’age monthly wind in January
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Average monthly wind in July

. Average monthly wind in August
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Depth averaged current [B1] in January
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Depth averaged current [B1] in March
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Depth averaged current [B1] in May
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Depth averaged current [B1] in July
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Depth averaged current [B1] in September
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Depth averaged current [B1] in November
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Depth averaged current [B1] in January Depth averaged current [B1] in February
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(XYY Depth averaged current [B1] in July Depth averaged current [B1] in August
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Depth averaged current [B2] in January
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Depth averaged current [B2] in March
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Depth averaged current [B2] in May
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Depth averaged current [B2] in June
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Depth averaged current [B2] in July
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Depth averaged current [B2] in August
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Depth averaged current [B2] in September
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Depth averaged current [B2] in November
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(X Depth averaged current [B2] in August

(XYY Depth averaged current [B2] in July
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Delta U component [cm/s]
in May

Delta U component [cm/s]
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Delta U component [cm/s]
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Delta V component [cm/s]
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dl a o 091 dl a)
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R? RMSE
A Magnitude [cm/s] Direction [degree] Magnitude [cm/s]
Case B1 Case B2 Case B1 Case B2 Case B1 Case B2
BS 0.0222 0.1738 0.0539 0.2996 14.75 8.83
PL 0.2618 0.1432 0.3293 0.5056 6.40 5.19
BP 0.0352 0.0066 0.1915 0.3058 12.20 9.60
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Surface residual current in January |
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Surface residual current in February |
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Surface residual current in April |
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Surface residual current in May |
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Surface residual current in June |
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Surface residual current in July |
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Surface residual current in August |
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,  Surface residual current in SeptemberI
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Surface residual current in October |
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Surface residual current in November |
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Surface residual current in December |
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(Y Bottom residual current in April
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IEYTY Surface residual current in July
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(Y Bottom residual current in October
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Vertical velocity [10° m/s] at surface
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Vertical velocity [10° m/s] at surface

in June
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Vertical velocity [10° m/s] at surface

in September
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Vertical velocity [10° m/s] at surface

in November
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Depth averaged current [B1] in January |
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Depth averaged current [B1] in March |
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Depth averaged current [B1] in May |
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Depth averaged current [B1] in July |
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Depth averaged current [B1] in September |
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Depth averaged current [B1] in November |
13.5°N ) S

— 8cm/s

13°N

12.5°N

12°N

v 1 1
ANNIANUIN U-11 NIF VAN EUNIZLAUAAL ATNANNANIAILLLINADIANNAL LD AR

! v
pnRenlareuamnauuusyiuinluReungAaneu

13.5°N

13°N

12.5°N

12°N

AWAIANUIN U-12 NIF VAR ELNTIZRAVAAL ATNANNANIAILLLINABIANNALLDL AR

tﬂl a o Oy A o
[51’13~IL\‘i‘ﬂuvlﬁ.lﬂ.l’ﬂ‘i_llﬂl5]LﬂﬁLLUU?%ﬂuuqsluLﬂﬂuﬁu'J’]ﬂN



110

Depth averaged current [B2] in January |
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Depth averaged current [B2] in March |
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Depth averaged current [B2] in May |
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Depth averaged current [B2] in July |
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Depth averaged current [B2] in September |
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Depth averaged current [B2] in November |
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A13N9AIANUIN U-1 FNUTLANFAUANAUS (RY) BAZANARIALAADULRALNTAd48d (RMSE)
YBILLLANABIAMNNALRLART AN NI LA akLLTTALYN

(Case B1) wavdauluaeumdlaluunsziain (Case B2)

- R? RMSE [m]
/DU
Case B1 Case B2 Case B1 Case B2
KL 0.87 0.92 0.18 0.16
TC 0.83 0.91 0.59 0.23
AU 0.84 0.93 0.46 0.20
RY 0.80 0.88 0.26 0.18
LG 0.70 0.79 0.31 0.21




