5877832 A1R(A12), 41~56, 2002
J. of the Environmental Sciences

EFE A0 H0F
Of4THSHT sHLatT, HFCHD HYEZY
145 20023 18 179 3

ggute| Mg x| AE
8

EH
=

S

Numerical simulation of residual currents by diagnostic
multi-level model in Kwangyang Bay, Korea
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Dept. of Oceanography, Yosu National University, Yeosu 550-749, Korea
‘Dept of Ocean & Civil Engineering, Cheju National University, Cheju 690-756, Korea
{Manuscript received October 12, 2001; accepted 17 January, 2002)

In order to estimate the quantitative roles of the tide induced residual currents, densisy currents and wind
driven currents on the residual currents in Kwangynag Bay Korea, numerical experiments with a diagnostic
multi-level model were carried out. Density currents were calculated from the temperature and salinity data

observed in January, May, August and November 1998.

Anti-clockwise circulations are formed at the western inner part of the bay, the location from the east of
Myodo Is. to the south of POSCO Co. and the place between Yeosu peninsula and Namhae Is. from the
calculation results of the tide induced residual currents. Velocities of the density currents are less than 3cm/s at
the western inner part of the bay and about 5cm/s at the southern entrance of the bay. Density currents get
strong in summer and weak in autumn. Wind driven currents at the surface layer flow in the directions of the
given winds which are the daily mean winds when the temperature and salinity observations are carried out. In
the middie and lower layers, however the wind driven currents flow in the opposite direction to the surface
currents as supplementary currents. The surface wind driven currents are greater than the tide induced residual

currents or the density currents.

The calculated residuai currents including the tide induced residual currents, density currents and wind driven
currents agree with the results of the current observations approximately. In the Bay, the wind driven currents
affect on the residual currents greatestly and tide induced residual currents and density currents do in the second

place and the third place.

Key words : Kwangyang Bay, Residual currents, Tide induced residual currents, Density currents, Wind driven
currents, Numerical experiments, Diagnostic multi-level
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Fig. 5(a). Observed (left) and caculated (right} tidal current ellipses at 5m (top) and 7m (middle) depth of the
station KW-1 during August, and 4m (bottom) depth of the station KW-2 during January in

Kwangyang Bay.
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Fig. 5(b). Observed (left) and caculated (right) tidal current ellipses at Om (top), 10m (middle) and 25m
(bottom) depth of the station KW-2 during May in Kwangyang Bay.

48



{x 400m) (x 400m)
60 E 3 60
g
s0 50 |
3wt 8 wf
€ [3
2 Z
I [ Yulehon o ¥ [ Yulchon
he] 2
o ]
! Hwachlort I Hwachi=ri
o ©r 50cm/s - PF S50cm/s
. Ochyandong .
o[ Tidal Res.Cur. w] Tidal Res.Cur.
LayerQ1 LayerQ2
0):_ 3m 3= 6m
0 ; I 1 ) 0 ° L
(x 400m) (x 400m)
60 £ 60
g e
50 50
. .
2wl S ol
£ £
z Z
B W NAMHAEDO S 3o foten
o =
V] 5
t Hwachi—ri | wachi—]
o 2F 50cm/s i-ri Do} lm[‘ Hwachi-ri 1
. . Ochyondong
| Tidal Res.Cur. [ Tidal Res.Cur.
LayerQ3 Layer04
6-10m 10y—20m ,
[ 10 20 30 60 79 00 10 20 30 40 50 60 70
(x 400m) {x 400m)

t — Grid Number | — Grid Number

Fig. 6. Calculated tidal residual currents at four layers of the model.

(x 400m} {x 400m)
60 f &0
sof "‘ sob KWANGYANG -
= Py
3wl S wf
€ £
3 : 3
z Yulchon z Yulchen
o of NAMHAEDO o %t NAMHAEDO
& &
[ wachis 1 wachi=
o BOF !_ZMS Hwachiori ] D owl 2oem/s " ]
. Ochyendong .
[ Density Cur. o[ Density Cur. 1
Lg)ier:(s)r]n & Lg}iergrl‘ Toyangean-a
o . L . o . . L .
7
0 6 2 ) ) 50 0ol [ 10 20 E o« 1000S
(x 400m) (x 400m)
0 F
¢ sl KWANGYANG
5 3
o D 40F
[3 [3
> : ]
=z z Yulchon ! .
hel y Cosmos Pler u 20F L~ Conmon Pier
e z ;
"I" YOSU BANDO X S-Lr” YOSU BANDO
achin fwachi=
o 2F | 20emys " ] o 2fF | 20em/s ]
. Ochyondong . Ochyondong
[ Density Cur. ] 0 Density Cur. ]
B R e
0 L L L 3 L 0 L L L 5
[+] 10 20 30 40 50 « ng 0 10 20 30 40 50 60 (' ‘00'7’3
| — Grid Number | -~ Grid Number

Fig. 7. Calculated density currents from the density distributions during May (top left), August (top right)
November (bottom left) and January (bottom right) in Kwangyang Bay.

49



ng

(x 400m)
€0
50
3
'g ‘or Chongpo—r! }
2
o s preetet NAMHAEDO
<
© I = YOSU BANDO A
{ - Hwachi-ri 7 " b
. 20 | 50em/s
. 3 Ochyondong !.‘
o[ Wind driven Cur. I ’}3 i
LayerQ1 L ryane
0= 3m r
o . . . . J
0 10 20 30 40 70
(x 400m)
(x 400m)
60 [
sl
"
2wl
€
=l
z Yulchen
o 0}
=
© E
—I) 20k 50em/s Hwachi-ri
ol Wind driven Cur.
LayerO1
0~ 3m
00 1’0 2‘0 30 40 50 70
(x 400m)
| — Grid Number
Fig. 8.
(x 400m)
50 |- KWANGYANG
Pl T —
— 1 y :" [ R
3w} Mzz_f;,
E e
3 7 g 1717 X
z z fi =Y
_'g Cosmos [ier
= 5
G : :
| niln= YOSU BANDO
- 2r s0cm/s oo
. . Ochyondon
L Wind driven Cur. ‘
Layer02
3=~ 6m
° A . .
4] 10 20 30

e'o]:lrll‘ﬁg

(x 400m}
60
50 - KWANGYANG
o
.g 40 b Chongpo-ri |
23 :
o o NAMHAEDO 1
S
| { machi=ri
S 20 50cm/3 Hmachi= ]
. . Ochyendong
1 Wind driven Cur. 1
Lg)ierz(’)rlx : Syongsan—1i
° ] IIO 2‘0 ;0 40 50 79
{x 400m}
(x 400m)
60 [ . . T Ej T
P N o
50 )’\:4
g P04 7777
& it 7,
E “r ,)/éﬁ/:‘ﬁ i L .
3 g Oy -'fj‘f,}
z Yulehon |I SRSEe Z @ ~=2r {7
o 1 Cosmos Pied 3
5 it
; T YOSU BANDO
S or 50cm/s e 7
. R Oehyondong
ol Wind driven Cur.
Lg)_/_ergrl‘ i Bongaan
g % 20 % n
{x 400m}
| ~ Grid Number

Calculated wind driven currents from the observed daily mean wind during May (top left),
August (top right), November (bottom left) and January (bottom right) in Kwangyang Bay.

{x 400m})
60 F
sol
.
2 o}
£
=3
: 30 _Yulchan
c.
(&)
i Hwachi-ri
- 20 - S0cm/s
© Wind driven Cur.
LayerQ3
6=10m
0 . L
0 10 20

| — Grid Number

Fig. 9. Calculated wind driven currents at the second (above) and the third (below) layer of the model
during January (bottom right) in Kwangyang Bay.

e g wge) 580l 3
2ol A% F sk Wi Y| -

oy, AEL o AZIY

7t 344,

AdA WE wate] B ARG v o
H48E vlas ¥ W T 58 F ASFA U5



No

(x 400m)

=

ez,

..uuh:\\\,: iz \\\\W
S W
AP TR
N

yongsen- fi

i

~
i

W

70

(x 400m)

o
¥

3a

20

10

5.3
52 f
-
S NERE:
‘......v..
IR
3 eI
r > ey | <
i e i 3
Z P z O
oy =
L OEAETo 0 Y 356
8 & 2 9
ors 0 0
iy
:
g 8 ¢ 8 8§ = =
JaquinN pug —
W R 6 9 W RS, oF
Rom oo, o we _ a
B_ L Mag D ._:%
=~ o o op o T
iﬂﬁvﬂAﬂMi%oLﬁa
° o ol
Levﬂﬂaaﬂnwoh.ox_su
Mo g uE 2% - Mo
A ~ ™ .
R A aﬂﬁ WA T 5w
X ~ N pevs
‘ﬁIA| T — O il = © o? o
UEAH./IM_:LI]HQM.ONT
owaL;,_w‘_ Z,*Hdo_.ﬂll
o N o Kjo ol = & Mwu )
T~ o
L R L
oo mew PR o
Ve B p T m R mw
J— No =5 = ©
Tl _ g et T
%ifmeq_wu.?\guxmwﬂ
= Tho
%%W%Hﬂzzo&
TR ,ﬂoﬁo_rﬂ
RS - B 4 o
T B
R B v - i | D
MWW WAFT T W R ol

(x 400m)

Uehdth 2y o) Re wh

7o

Chongpo-ri

{Pyongsan—ti

s Q
£ g o I
T2 H
§ = K]
e &
Cm m Ta
4 L]
T
r E L 1R
@ 3
i O
v = —€
, ki
ES Q -4 |
b3 I
8%
s vu._ L L © E
g 8 ¢ g 8 o e ¢
J2qUInN PLY - -
™ T e W E O ok T 4
o auﬂaoﬂr?ﬁ
o m_. 3 ﬁ,_mov ,_Aﬂo;@]ﬂ
DS . _— ‘ J
.A,#ﬁlrL&—O\M_lel - 7~EWEL\W.4_,H|T
o Tl %o N R ™ ev\w%ot M
ECY T LB
R Tl w = Mo o
NrE omom = e =
TS =N - e oM
ol mOR e S o o W
e AT e e g
‘,.uwoﬂyl,_w o ﬂ.o ,_n\ﬂ n E__a : LlﬂAl,.Al
TGN o Mg 2 %
T Y T NI ST
Ndo Tl HL T SUE R
UG B ST
Rl ﬂ_L_mluuml%
— 1]._0_ .,LAH_ ‘_l_M B L
A SR, T
wEEEr SH_EMAT
< of —~— wE o = w B
R - S AR fﬂ ol
PEWN L p BTV _w e
ﬂxil:i_._v .ﬂ. |‘|_l.\|,lmtL
w Ko P ud . Mo B o i
i TRaC R (R SN D
T3 AW B ook %0 14

T m eF
a i 18
5 R
!
3 8
z
2
- ‘.-7 —
: ] 2
ThE 8, e E
PE z
ol & 4 T
¢ R 8 . &
e NEC
'S g 5
'L O
4 335,
gl B o T
5 ° %m,a_u
$ x -
3 3 ES 2 g 2 °
JaquinN pug =
FUT O R MW%Q%M
o < I __ R OB
@ N T L MmT g
o o,ﬂ.Eiﬁu R o @
B _M.moﬂ_/u e S L B
WEM_FW g T S
T AL X w o P
T e X Ay
ETeile zHyPES
i K ol
pP Bl B b ow
X Le] —_
xhEox . BWN T
Wézﬂﬁ%ﬂw% v E AN
il so 9 ®° o Mloy_ﬁ Moy i
oy W ok T
—_
FAgEeE LyPEen
FeBTeT BraTmid
E N =R ]
el e _— N
nmcmr,#\_laﬁbtx_ w Ol ,cH.NVZa
R B R
HUATHOHT.ATEkWﬂu}LumW‘W
X B R RN BRI S
Mool T W Mo o o .
TW N T M T T M R N U

Fig. 10(a). Calculated residual currents from the dis-

tributions of tidal stress, density and wind

in May, 1998 at the first (top), the second

(middle) and the third(bottom) layer of the

model.
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