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12. Salinity distribution in level 1 with maximum volume transport of

the Taiwan Warm Current and the Kuroshio and the discharge of
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Fig. 27. The same as Fig. 7 except for case 5 (30m flat).

Fig. 28. Velocity fields in level 1 with maximum volume transport of the
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60 days (a), after 90dayvs (b), after 120 davs (c) and after 150days
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A study on low salinity behaviors in the East China

Sea using the Princeton Ocean Model

Jae—Dong Hwang
Department of Oceanography, Graduate school, Pukyong National University

Abstract

A three-dimensional primitive equation model (the Princeton Ocean
Model, POM) is implemented to examine behaviors of low-salinity water in
the East China Sea diluted by the Yangtze River (hereafter LSW). A main
focus of experiments is to evaluate the effect on LSW by four factors,
such as the volume transport {(Kuroshio, Taiwan Current), river discharge
of the Yangtze River, seasonal winds, and hottom topography etc. In
particular, the experiments are separately performed in summer and winter
seasons; the summer- and winter- seasons are regarded as volume
transports of the Kuroshio and Taiwan Current from the southern open
boundary given by the maximum and the minimum amounts, respectively,
considering historically observed values. A basic experiment was run for
three vears to obtain a quasi steady solution of velocity field in summer
and winter, respectively, with constant temperature and salinity conditions
and without runoff of the Yangtze River and winds. Under this basic
experiment, four—case studies were additionally carried out for cne vear.

In the basic experiment (Case 1), the surface velocity field in summer
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shows a dominant Taiwan Current that flows along the isobaths between
70m and 100m and separates into the Yellow Sea Current and the
Tsushima Current, respectively, at the south of Jeju Island. Moreover, this
Yellow Sea Current causes a strong current in the Jeju Strait (hereafter,
JC) and then intensifies the Tsushima Current in the western channel in
the Korea/Tsushima Strait (hereafter West Channel Current, WCC),
implying that the Taiwan Current is basicallyv influenced on a traditional
contrast between the current fields in the western and eastern channels.
However, this contrast 1s very weakened as the depth deepens because the
Yellow Sea Current becomes weaker so that the JC also becomes weak.
It should be emphasized that a cyclomic eddy field (hereafter CEF) is
created offshore the estuary of the Yangtze River (31N) and plays an
impertant role in behavior of LSW in the East China Sea.

In seasonal volume transport variations of the Kuroshio and the
Taiwan Current (Case 2), in summer season, CEF, JC, and WCC are more
intensified rather than that in Case 1. The LSW is fast dispersed toward
interior of the Yellow Sea and the Korea Strait, and also southward along
the coast in China, comparing with a behavior of LSW In winter season.

In variation of the runoff from the Yangtze River (Case 3), the
maximum runoff induces a fast dispersion of LSW with more diluted water
than that in the minimum runoff. The CEF is also intensified by coupling
effect with the current.

A steady wind effect (Case 4) in each season is most drastic on a
behavior of LSW. The southerly wind (dm/s) in summer intensifies a
dispersion of LSW toward the Yellow Sea, while the northerly wind in

winter (9my/s) perfectly disturbs a dispersion of LSW toward the Yellow
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Sea and the Korea Strait resulting in only southward dispersion of LSW in
the East China Sea.

In experiment of evaluating the topographic effect under a flat bottom
(50m) (Case h), a prominent feature is that CEF entirely disappeared and
the dispersion of LSW is mainly done in the Yellow Sea, implying that an
ambient topographic effect offshore the estuary of the Yangtze River as
well as southerly wind plays very important role in spreading LSW toward
the Korea Strait and covering the surface layver of LSW in the East Sea in
summer. This paper indicates that a decreased runoff of the Yangtze River
by its bank construction planned by Chinese Government may give a great

impact on horizontal distribution of LSW in the East China Sea.
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Fig. 1. Interannual-mean salinity distribution (psu) in August during
1961 -2000.
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Ao AE Blumberg and Mellor (1987)of 9]3] 78 % Princeton
Ocean Model (POM)e] o] &€t} (Appendix ). POME S AEFASFZ
A7l 918l Mellor and Yamada (1982)7F #9F8 25 leveld] HHFZ2 24
& Eggstan dnkh 9 FAAATS FE }AFE o3y 22

Smagorinsky (1963)2] &AtAE ALg-ste] yollo)

du~2 @, auz 1/2
Tyt (G2 + Gy 4Gy

Ay = Cdxdy[(
A/l Ax, sy FHARLASOR 2 AFqAE HAYE 7hzh 1080] FH
o, Ciz 029 448 AFE3AY (Appendix 3il).

g e AR 117 ~ 131E A% 4 ~ 4°No= gsjo} TS
Zgdoh AuFEACds 2de] FHAATAL Ak 108 HAE ALEs)
“or, A2H ke sigma level & 127] (0 = 0.000, -0.091, -0.182,
0273, -0.364, -0.455, -0545, -0.636, 0727, -0818, 0909, -1.000)0]th. ¥
239 W Ryukvu@ = E 33 slieadts Holut 4
thomebA] 2o AP EAE FRAL @ giddFe] fFEURE, 2
Alept o] 252 2ol 429 MEHEAE FAG (Fig. 2). oy, 2Ax
Azxlgel gk A4S vddtd sl dx FEH S SAHAZ AHelstd
},

e AlgE F42Rs NOAA (National Oceanic and Atmospheric

ol
-
U
_>.J|4'
A
_?L
2

Administration)2] NGDC (National Geophysical Data Center)dll A A& 8}3=
A% 58 A9 ETOPOSAE# s afldzAgddld 278 & No.
S-836% A&t} (Fig. 3).
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Fig. 2. Numerical grid system of the study area. Dot and solid lines

represent the open boundaries and closed boundaries, respectively.
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Fig. 4. Measured volume transport (a, b, and g), inferred (in parentheses)
volume transports (c, d, e, and f), and climatological (in brackets)
volume transports (h) and river outflow i) are shown for
October-December, 1999. Units are sverdrups (10° m’s ') (after
Taegue et al, 2003).
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Table 1

Monthly volume transport (unit: Sv) at open boundaries
tafter Lee and Chao, 2003)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Taiwan Sirall 0.5 05 1.5 15 22 2.3 23 24 24 15 05 05
Kuroshio Infiow 2200 2200 2250 2300 2400 2350 2350 2800 2800 2200 2100 2200
Kuroshio Outflow 2024 2062 2227 2263 2396 -2304 2253 -2674 2639 -1983  -1820 -1872
Tsushima Straits 227 188 -173 -188 228 280 -332  -371 -385 ~-371 -3.33 280
Yangtze River 0010 0013 0016 0023 0037 0042 0050 0045 0043 0037 0025 0016
Positive and Negative values are for inflow and outflow, respectively.
Table 2. Conditions for sensitive studies to various parameters
Volum tranports ) .
Case . — Yangtze River discharge|Wind |Bathymetry |Remark
va I'WC | KWC ety
Summer | 3 Sv | 24 Sv No
| NO Real
Winter 1 Sv ¢ 22 Sy No
3 = > 4
Summer | 3 Sv | 24 Sv 50,000 m’/s
2 ; NO Real
Winter 1 Sv | 22 Sy 50,000 m“/s
« ¢ ~ 3/
Summer | 3 Sv | 24 Sy 80,000 m'/s
3 \ NO Real
Winter 1 Sv | 22 Sy 5,000 m'/s
“ g o . - 5 e
Summer | 3 Sv | 24 Sv 50,000 m'/s SSE
4 - ; Real
Winter 1 Sv | 22 Sv 10,000 m”/s NNW
_ . S . - 3. !
5 |Summer . 3 Sv 24 Sv 50,000 m’/s NO | 50m (flat)

TWC: Taiwaia Warm Current, KWC: Kuroshioc Warm Current
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Fig. 9. Velocity fields in level 1 with maximum volume transport of the
Taiwan Warm Current and the Kuroshio, and discharge of monthly
mean in Julv of the Yangtze River after 60 days (a), after 90days
(h), after 120 days {(¢) and after 150 days (d).
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Fig. 17. Velocity fields in level 1 with maximum volume transport of the
Taiwan Warm Current and the Kuroshio and maximum discharge
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days t¢) and after 130 davs (d).

,29 -



Case

Summer 4
Salinity

38
36

~ 34

-28

(a) 26
60 days

. S e : - 24
MTE 119 121 123 125 127 128 13

Summer
Salinity
Level 1 38

36

28

H7E 118 131

T : = TETT O A

Summer
Salinity
S 1

“L a W Level 1 38
SR :;:,E B .

z8

e % 'KOREA
> ¥ Y 36

ao
T g
2%
(b)
.80 days

- i i 24
1M7E 119 121 123 125 127 129 LY

Summer -4«
Salinity
Level 1

¥

38

36

28

| (d) 26
_. Pk 150 days
T Loy T za
MM7E 119 121 123 125 127 129 131

Fig. 18. Salinity distribution in level 10 with maximum volume transport of

the Taiwan Warm Current

and the Kuroshio and maximum

discharge of the Yangtze River after 60 days (a), after 90 days (b),
after 120 davs (e} and after 150 days (d).

,30_



Winter
N

.
05 mis
Level 1

05 mis
Level1 28

£
T

Winter Winter -,
¥

0.; m/s

Level 1

o

3 SR
« e T

A NI
) 1?:!*’ LEMPS

AR 4

> v

(d) 26
150 days
- 24

127 129 131

120 days
: 24

127 129 131

Fig. 19. The same as Fig. 17 except for case 3 {winter).

- 31 -



Case 3

Winter :Io
Salinity
Level1 -38

| Winter
Salinity
Level 1

TETTT

Winter 40 Winter
Salinity Salinity
Level___1__ .38 Level 1

28

(c) 26

(d)
150 glays '

Fig. 20. The same as Fig. 18 except for case 3 {winter).

- 32

- 24 : ; -
131 117E 119 121 123 125 127 129 131

ﬁO

28

6

28

26

38

28

26

24



232l Fig. 18d5 B¥ 30 psudl T &4l digtal®g g 543 Aoz vy
ok

Fig. 19 4 9447 42242 5000m’/s2 RS 9 60, 90, 120, 1502
29 3 HA sigma-leveldl X9 #5345 veEbd Folth Fig. 198 2@ o)

e ol s A dlsl i Rel el 47 vhehibe, 53 1500 Fo 2
¢l Fig. 19dE€ HY A7 SF090 59 31EE FHoE F74 12354

A 1245 Apololl REALA wReke] 3] A7 RS Glth

Fig. 202 =4 427 §Za2ko] 5000m*/sY 2 $ol A HA sigma level
ol el Ay SAHAE e Fig 20ay %4274 $F 609 39 #
e vErd e ® J0psusl THEAC §502 T 124:7A 5EROR

SHRE A FFoR B 27EkA o] glovn 1209 Fl 73 125

£ 30% 74 st o] e 150de] AAstd® AlFEe 30psud] §F
o] =2atA] gttt (Fig. 20d).

32.3 npg

Fig. 212 3t dm/se] dd5 o] 53 w2 3 HA sigma-leveld A
el 60, 90, 120, 150¥ $9 F5&L yed Aoy, Fig. 2% 10497
sigma-levelol 41 &} %532 veld Fo|o)

Fig 2lav 60 39 5% ZoA4E vetd #Aoz difrs

2 oA Fadelde) FESE BREE o8 BadE Aoz 4



Fig. 22¢] 228 B9 60Y Fo dAd 53] vhA A wake] 3
A7 vebdt Fadi§ddd A 3 8 sigma-level e dhdl2 WEs
= E5° YE

Fig. 23& 34 4m/se 4955 nad A A WA sigma-levelol A
+EE VEFATCH Fig. 23ae 60 $9 435
Hebd Aoz dgsdel g FAY fFEF H5AASY gz /9

g Holxm Atk 30psul SHEAMol I Aot w=gs] gloni

j@p]
=
o
o
X
o
—
jo ]
-
i
RS
aits
A

0psusl SPEHE B3 Al B LS U 4 Utk Fig 23be
Balo] @3 A3
Bty med dow, psud SFLNEL B3 A =2e 3

=& ¢ 7 A Fig. 23c¢ Fig. 23d2 56 AdRGe) g Maets ubg

Fig. 24+ 4 9Im/se] S5 Fo] B8U< A%+ 3 AA sigma-leveldl]
Alel 60, 90, 120, 1509 %2 %38, Fig. 255 10HA sigma-levelol] A ¢
T35 4E JERAAL

Fig. 24¢] 23E& 2 ALH EEAF o) s rs

gol d@g ol

Fig. 268 dat& By FRAGF7E Fdss duth F4o] & o

srelE a chReh el e sk el 2Avhd RO Bl glov FE Ao



Case 4
| Summer 40 o T 7 L, | Summer a0

0§ mis
Level 1 .38

ok
e

LT N
‘l

L

g
e

Summer 4

075’ m/s
Level 1

RPN -

G,g m/s
Level 1

(d}

} E ] .. A .“ S - -
1: PR e o
ffﬁe '*E AN 150 days

120 days

24

- mnd 24
127 129 131 H"H7g 118 121 123 125 127 128 131

Fig. 21. Velocity fields in level 1 with maximum volume transport of the
Taiwan Warm Current and the Kuroshio and SSE-wind and
monthly mean in July discharge of the Yangtze River after 60 davs
(a), after 90 days (b), after 120 days (c) and after 150 davs (d).
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