= _ A S AL X
Soll sil¥z=et A 2E T
Development of numerical ocean circulation

model for the East Sea

FZHFAT



—_
o

;o
B
or

ofp

= Hi

-

3 AW g gAe) 27

;oH

A

M= A

0]
=

)

o

3

20034

N <P
e
ﬂ.o -



o

o

L.

AL
00
3

o

B

el

)

i

Tor
B
i
4

o

B

'y

=K

00

o
oF
el

s

iy

iy

T
o
o
Nd
o
do
¢
)

=)

o
.Zrl
)

o

el

i
=3

B

4
ok

_—
i)

B

N
Ho

0

o
o)

~
-

nE
;OL
ol

it



SR PERIER R

I1I.

]

2. ¥4

o7

fss
T

—

0

oul
al
iz

W

oo

T
B

3

~
7o°
W
Jo

jang
"
o

N

T
B

o

ul

Y

=

\
_50
Nfo
wK
_Z#O
B
o
o

T
olo

il

=

el
Loy
st

ee

r
B

O

i
B
ToF
e
No
<A

"o

Ho

el
£
oo
i
=

N
To

~
HO

AL A

IV.

"

FAZE 7HA =

Ak z #

3

[e)
woks

9] &3lol= Smagorinsky

1
R

9] tracerel

—_
N

o
4
50
3



pS|
&

RLN

=]
T3 A

Zho] A2 T}

I~

] NCEP A
EuN

HA vEbs o

&

IS

ok

14 vpehta Aojgre] 2

S ERE
L

1

=
=]

o

ol A

2F

=
3)
=
| FHe Fa e

Na w}
& A

=

L
.

FEAD vhgol vheh
T

}

k]
Rl

ok

ol
Al &)
=

o] 47F NCEP nt&e] A5-Eu diros o A

Ao 2 e Na vh

oA 7HE e 2ko]

kA ol

[

o]
pl
=4

F5 o} e

2] 3]

L

fu

7FA
A=Ak 28y NCEP vk

oF7]1 A 71

[e)

=

}1} NCEP ®hgHg-2le] Na
744 gk,

(9

Jol 4 thebil, NCEP u}
71% Na vhgrel] wal A7 deps,

5

B SAC HAF 0],

H] 52
25 FEAGow A

A FH gk
ettt Na whgt

L
Fu

]

=

o

restoring

restoringZ el H]
A%

o

L

L

A48

2] Ao}

% restoring 2719 AS-RU ¢ ZstEHE o2 YESH

X restoring Z 7ol H]

-
X

FA T}l restoring =79 75l

RTIAS

o stolath

9

= H

Haney & €] Hirose

£ES BTh 300m = FeR

4 g0 2¢ol H|

—_

0

ol
0

)
o
o

i)
e

Hirose €& 9 Ab&o] ¢ ApAHQ 28

xr
i

by

-
A

o

uE

o

o
N

wK

iy
!
=
B

4
joF

"o

1o

1th °F 1 m/secoll o]=i1 59 of 37° AolA o]t

B ATelA



ojzkrt. g 1/10°9]

=
=

=

1

ol

B

el A APEX #

1o
)

o

_Z#O

fral
i

U

r=s

¢+
o
B

G

ZO
Nlo
1o
o
™
B

O

X

i

o

olo

o
A

_Z#O

28

el
_ZO
4
oy
i
BR

B

ey

ko]

_&O
3
Ho
g

—
fi%e)

)



B_QF% ................................................................................................................................................. 1
EW_X]— ..................................................................................................................................................... 5
;q] 1 XJ— }\«] % .................................................................................................................................. 6
Xﬂ 1 ;g ﬁ?m%o réﬁ/g] ......................................................................................................... 6
Xﬂ 2 Xé ﬁ?ﬂ%}g %J\Q}_ lg.l IH% ............................................................................................. 6
;q] 2 ZJ— %gﬂ 3“03:_:‘1\_@__ _/":;‘(]_1;1_%1_ R e 9
Al 1T T A B i s 9
xﬂ 2 A _/r_j]EHE]g] A e 12
;q] 3 7((]- %-3]]{1::_0]] ‘:H:l' %76]74]}—@ _/;:;‘q_\l:l_gj:] /g_-s‘j ................................................... 21
A1l A 2R A - T2 FEZ B e 21
xﬂ 2 A 29 Az - Meridional OVEITUITING weeeerereresesesrsesesesssssnsnen ettt 37
A 3 A NIAAZZA A F s 40
Z-]] 4 Zc]- @ % .................................................................................................................................. 46
7‘(&-1.‘.,\_3__2:5-]_ ............................................................................................................................................. a7



M 2

HoE

jze)

Ay
o)

c)

A TN

A1 A

%Folt}. %ol

3

oro.
o

314

2 ol &ol

Ho

o]
Nr
e

=3
"o

|

EEF

&l 3

°] 7t

ek

A

bt

o

W AR} The

=
-

fol 520 o

NS P ETE S

A

=
T

o}
M

o

)

—~
file)

el
pl
oj

o
A

o)
Ho

Eis

Al =g

=
]

2 AT a8y I d o ofz A

1o

<0

o

o

e
&

=
1o

o

el
=
3
el
it

o))

FAmAEe] 44w

el

¢
o)
A

H
o

KO

o]
caa

)

Fol A= 7]

3|

'CH

o HE

Al

"K

22!
Hr

o}
el

AT

A2 A

2!

_ZTI

=

o]
il

ol
B

B

AR

"o

booleM %

3
s

R

g

W

w

(2) mao] 3%



e S 7hsskA

I5i

SAFORA Af

ol
n

ojp
o

—~
HO

(3) a4 A

o

=

o4

ol
=

2. AT &

ojp

a3

ol
oo

o
B/

Hi

&

o

B

)
A

K
o

i

&
4

o

i

2}

o
=

Fe 1-3apd el AR AR A7 e Hele= o

S

4

o]%

TE TAEA

(2) wt

o+

e

A Zx

B
7o

o

1

Al A =

ﬁo

=)

H,

(4) 7h

T
R

ot

o

o
o
+
Nr
<

i
e

NO

o
iy

ol

6) 715 <=

il

(D) %3l F2 AR £ wAl o

- partial cell 4= 7]

- Smagorinsky

- Na Wind¢} NCEP Wind AF&ol u}

- Haney & ¥} Restoring

0

il
T

M
)

xr
i
E



(2) 3l

<
Th
ol
et
ZO
L,

;OH

o}

o

mode split 7] £

51_

51),]

olo
T
K
T
pitd
Y
jang

c2
o
B
M
sl
Hjo

oo

ARAA 748, BEA7IY A

veel

- Stevens(1990) 71+

&

WA, A

=i
=

- Mutzke(1998) *¢F# Schmidt(2001) F &= 4]

olo

N

4o

o
il
e
il
A

o

nF

=
o

o
NF

wK

(4) Fl = A

xr
it
K

!
=

pzel

7A

mm.o
=y
&
e

o



I . Introduction

o
E
o,
ol
==
o
e

(B
=)

ax

ot 12 U o K me

= =)

o
K

(o
(o]
dr g —
2

e o B F4 2%
& dfes waEYs aagel AckFig, 1. FAL ERE 2 A
3} =g a9n %J%m awom A4 Qo TAHY ol fFEE 1

25 a go] ¢F 1,000km x 1,000km = €3 el 40
! »}EM&— Aaom AR Oﬂxwol A% duue

Hir

2

Zi
o
ofN

=
£ to

=y
A Hoae o

of o

o
)
oft lo m¥ rjo T

£ o Hoox

* Mo
o
:Oé
i

=
>
rlr
X
to
i
=
o
olji
s 9 -
N
)
o
3:
F
}L
(4
il
2
S
_E
¢ =
rﬂ
Jlﬂ'[ m
o,
fo.

s}m} ow Altﬂ 9]

o}

z
B8
Q
5
a
2
3

¥

-

o}
o Iy
Q‘L
)

Olﬂ o)
:Oul_'a
fu
Jo
o
it
o re
=)
ne
S
r1r
:‘.’:
=
14
B=)
e o2
A
ol of
:cg

oo o x|
£ & ot ff o2

R=) ok
©

rz o
)

¢

g o
2
2
A
=

il
o
t
4

i
>
ui
g T
2
o
Jn 4z

Nearshore BranchE &4 'S&‘jr. %@%E—E ok 5'1‘94 8N Al At
!

et 520} w} At 2ok AL

4
bt ofm
o
HU
o
)
of
IR
o
fitl
fol
r
s
ACH
=
g_l',
e

)
2
m
k)
_rg
" of
™
&)
o
:O,l_',‘
o2
=1
o])ln
m1o
1, of
ot

7]°ﬂ/\1 SH‘”EOEJ duste AHF 9 -53 W/m
ARE 2974 1 dyne/cm?2 ©]4te] HAFo] &x
GE AL o] EA 3 (Na, 1992).



130E 135E 140E
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Figure. II-1. Wind stress curl(10® dyne/cm®) in

winter(Dec. to Feb.) averaged for 6years from 1992 to
1997 (ECMWF).

() (®)
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JANUARY
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ANNUAL MEARN =
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120° 130

140 E 120° 130 140 ¢ E

Figure. II-2. Wind stress curl (a) in January and (b) of annual mean computed by Na
et al.(1992).
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Figure. II-3. Distributions of horizontal velocity computed with different magnitude of k.

(a) k = 10° cm%/sec, (b) k¥ = 5x10° cm?%/sec, (¢c) ¥ = 107 cm?/sec
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Figure. IlI-4. Wind stress curl of "Na" Wind. Monthly averaged value
from 1978 to 1997.
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Figure. IMI-5. Wind stress curl of ERA15. Monthly averaged value from
1979 to 1993.

_18_



dyne/cm”3

50°N 50°N

46°N

46°N

42°N

42°N

38°N

38°N

34°N 34°N

128°E 132°E 136°E 140°E 128°E 132°E 136°E 140°E

50°N 50°N

46°N

46°N

42°N

42°N

38°N

38°N

34°N 34°N

-100
128°E 132°E 136°E 140°E 128°E 132°E 136°E 140°E

Figure. I-6. Wind stress curl of QuikSCAT Wind. Monthly averaged
value from 1999 to 2002.
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Figure. M-7. Heat flux (W/m® from restoring condition to Levitus(1994) in the
experiment NA_CL_R.
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Figure. I-8. Sea Surface Temperature in the experiment NA_CL_R.
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Figure. II-9. Sea Surface Current in the experiment NA_CL_R.
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Figure. MM-10. Sub-surface Current(300m) in the experiment NA_CL_R.
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Figure. II-11. Mixed Layer Depth in February
of the experiment NA_CL_R.
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Figure. M-12a. Transport(Sv) across line E in the experiment NA_CL_R.

_24_

JuL

AUG

SEP

ocT

NOV

DEC



@
o

Transport(Sv)
N
bt

1.0

Figure. I-12b. Transport(Sv) across line L in the experiment NA_CL_R.
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ii. ER_CL_R (ERAIb5, Restoring condition)

ERAIS uthol A AgHel Tetrjnzga oA Ao el vt 39 shws} $auo)
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EA @t

2 Q5e m
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w2 #h(Fig. [l]—13)
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= g vt &Y ok 9g Ao® AlmETh
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Figure. IM-13. Heat flux (W/m?) from restoring condition to Levitus(1994) in the
experiment ER_CL_R.
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Figure. -14. Sea Surface Temperature in the experiment ER_CL_R.
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Figure. MM-15. Sea Surface Current in the experiment ER_CL_R.
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Figure. M-16. Sub-surface Current(300m) in the experiment ER_CL_R.
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Figure. II-17. Mixed Layer Depth in February
of the experiment ER_CL_R.
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Figure. IM-18a. Transport(Sv) across line E in the experiment ER_CL_R.
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Figure. M-18b. Transport(Sv) across line L in the experiment ER_CL_R.

iii. NA_CL_B (Yn}=, Bulk Formula)

Az o2 NA_CLRET ALdol= s gold 72 v 2 &
Rt 2 4o 48 FFd 53 A Hd wdvty ZEgr
Mamiya 313 aolA] o] wEo] Atk Ta ALH 320 Bgyr g3 oulrho]
i Jth(Fig. M-19, 23).
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sto] gt 379 A HA 1.3 Sv, Al 20 Sv ol F3 FHF A HA 16 SvolA
g 28 Sv otk (Fig. M-24). 28y 4 300m sF+= 238 7 =d oA
restoring ®otE ) bulk formula® A& u g =dFo] & Hd

o1t} (Fig. M-21, 22).
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Figure. IM-19. Heat flux (W/m?) from restoring condition to Levitus(1994) in the
experiment NA_CL_B.
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Figure. I-20. Sea Surface Temperature in the experiment NA_CL_B.
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Figure. I-21. Sea Surface Current in the experiment NA_CL_B.
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Figure. MM-22. Sub-surface Current(300m) in the experiment NA_CL_B.
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Figure. IM-23. Mixed Layer Depth in February
of the experiment NA_CL_B.
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Figure. M-24a. Transport(Sv) across line E in the experiment NA_CL_B.
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Figure. MI-24b. Transport(Sv) across line L in the experiment NA_CL_B.

iv. ER_CL_B (ERA15, Bulk Formula)

vEkstel @ Aol et mERTEAR restoring et AME S WET AwHel= A
WEel a2la A 4o F47F ST Y £ ol wmI AuAew 2
Aftd SHHRAEA gutthel FAR BA HEolA R A X dlFe ANAL
2 gacla g w19 gastel $3 e A 05004 15 Sv ool gt Fte]
B 16eIA 25 Sv ofth. NA_CL_Bell Al ¢} vhzb7EA 2 300m =4l el Al &l = S 7ksh itk
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Figure. M-25. Heat flux (W/m? from restoring condition to Levitus(1994) in the
experiment ER_CL_B.
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Figure. MMI-26. Sea Surface Temperature in the experiment ER_CL_B.
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Figure. I-27. Sea Surface Current in the experiment ER_CL_B.
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Figure. MM-28. Sea Surface Current in the experiment ER_CL_B.
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Figure. I-29. Mixed Layer Depth in February
of the experiment ER_CL_B.
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Figure. M-30a. Transport(Sv) across line E in the experiment ER_CL_B.
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Figure. II-30b. Transport(Sv) across line L in the experiment ER_CL_B.
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Figure. M-31. Meridional Overturning. (a) February, (b) August, after Yoshikawa et
al. (1999).
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Figure. IM-32. Meridonal Overturnig in the NA_CL_R.
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Figure. II-33. Meridonal Overturnig in the ER_CL_R.
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Figure. MM-34. Meridonal Overturnig in the NA_CL_B.
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Figure. II-35. Meridonal Overturnig in the ER_CL_B.
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Figure. IV-1. Open boundary condition at the Korea Strait based monthly averaged

from the observed tranport.
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Figure. IV-2. Sea Surface Temperature in ER_OB_B.
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Figure. IV-3. Current and Salinity Section Map along 37.5°N in ER_OB_B
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Figure. IV-4. Surface Current in ER_OB_B.
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Figure. IV-5. Sub-surface(300m) Current in ER_OB_B.
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Figure. IV-6a. Transport across line E in ER_OB_R.
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Figure. IV-6b. Transport across line L in ER_OB_R.
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Figure. IV-7. Observed SST from AVHRR in March, 2001.
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Figure. IV-8a. Vertical Section of Salinity in May, 2002.
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Figure. IV-8b. Vertical Section of velocity in May, 2002.
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