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Coastal Current Along the Eastern Boundary of the Yellow Sea in Summer:
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Numerical Simulations
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Coastal boundary current flows along the eastern boundary of the Yellow Sea and its speed was about 0.1 m/s
during the summer 2007. In order to find major factors that affect the coastal boundary current in the eastern Yellow
Sea, three-dimensional numerical model experiments were performed. The model simulation results were validated
against hydrographic and current meter data in the eastern Yellow Sea. The eastern boundary current flows along
the bottom front over the upper part of slopping bottom. Strength and position of the current were affected by tides,
winds, local river discharge, and solar radiation. Tidal stirring and surface wind mixing were major factors that con-
trol the summertime boundary currents along the bottom front. Tidal stirring was essential to generate the bottom
temperature front and boundary current. Wind mixing made the boundary current wider and augmented its north-
ward transport. Buoyancy forcing from the freshwater input and solar radiation also affected the boundary current
but their contributions were minor. Strong (weak) tidal mixing during spring (neap) tides made the northward trans-
port larger (smaller) in the numerical simulations. But offshore position of the eastern boundary current's major axis
was not apparently changed by the spring-neap cycle in the mid-eastern Yellow Sea due to strong summer strat-
ification. The mean position of coastal boundary current varied due to variations in the level of wind mixing.
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N =2 o] Holxlo] A FabF(tidal residual current)’t FAHrh
(Huthnance 1973). sl AL 7Reu7t 25 F5 A
3t =H7F AR AAAY 28 FEEsH e & AAE A falo] Gopdtt 23k 24 BRES o] @afo

HAE FEof 3] 2HEZRE BE AFZ 25 F(momentum) 3 sk 8L ARASE g Ak, T At aElaL
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ARGl 23 7= ol(tidal rectification) WS 24 Zat
FE T2 279 £8o] wE oA FHEA veRdTh 24
FxMFE g @A SekellA T2 M-S @Bl 7|3 =1
A BZOoR 523 AU|elME W A el FHE &
8lo] Y& o7 FETHLee and Beardsley, 1999). 3+ Sl @
MioE A ZA7E ST AEY ARE webA s
o7 FET

A5rt A0 g wskshs gldelMs 27 FHEHS
T F&RMde] 57 AEAE o] 44 dlFe
TAlo)E THEo] dEk ohe} AAE IR EE WEko R
d ASE At Hat T8 JEE 2o 3 4=
ARG et 272 ARl FI Tt o] wdd
= FH HQIF HFo|| X3 ZAA W (Georges Bank)$} 3
Folx] 5ol oJgt o] Het sl vIXE 3kl sl 33}
A jF 71 RS o]&3lo] ATHOI$THChen and Beardsley,
1995; Chen ef al., 1995; Lee and Beardsley, 1999). 339 {3k
w8 BT ) AF0 Ueg dAshsty, A5 dee 4
o Aol HES 272 1E At Fal F3s AFsIsiS
i Ayt BE FollA dAsHA A drnt 27 AFe o
w2 FHFE Y= Lee and Choi, 1997; Lee and Beardsley,
1999). AR Fo] AR T FF 3 gy 2771 58 o
(D) ZFl 23 dFHQ EF0 = o] A= T, (2) slA 7
APA Rl 2AF7)8) 1 B} 2 7719 UlR-st s,
(3) Bit &85 9ol 733t x5 B/38tH(Chen and Beardsley,
1995; Lee and Beardsley, 1999; Xia et al., 2006).

A E AATTOZ FHHE B BAJlA] o) 23 ¢
A] oLA] (potential energy)’t A4S H1 550] Y shET]
e 2458 Fe) F50 Fg%s U $E oA (turbulence
kinetic energyy’} Bl HAlol] 23] Eoj& XU |EL} ¢ A
Al H¥ o] FHH0E T o) A BF BAL o
Uzl gzl F5o] 453t st FRFoz & e Haj
Alolelli= FFollA] #B50] 7hedt F2%410] PAJHh. Simpson
and Hunter(1974)t= o} dl(Irish Sea)el] BHH= 7244
9] Yot AT Pk BX 8la §5S #3539, A
A9 AE 272 37 F46 vt 2 S o][EF0= A
At 2eju 2049 X Uizr| 9 227 wet W
Pk 79 &5 sl mEis A4 HIBA] $5E 4%
2 A5 Ao X HEE A2 A3y FoA 94k 2
EE T3 €A = Ath(James, 1977; Simpson and Bowers, 1979).
Simpson et al (1978y> %1t ofz} ulghe) o3t =7 2§
T A JAE A b T8 oJE2F 0T AN T,
Bowers and Simpson(1987) 24 &3t] ola] dAAE A9 9
AE AR 2] 714 0|24 A5 AYslal 1 4E9 o)
B4 d3=g 9L vt 2L A% 259} Bl wsii

ZAEPCR Y AAE VIEAEE ko sk 2
24 5ol ofa] Yolu: Pokdel 38, SHAEL A% 19
3l A Hgel B A7 A JE T Qo 24 A
A& vk ARAE 4 skt V[Eo] Hi AE SHTEY A
Zh AN g R3] & ks FI B B} AU AEE
o) At EaeE & F2 9Ick(Pingree er al,, 1978, 1983;
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Simpson et al., 1982). Sun and Cho(2010y= @<l 2444
< AYsh= A 2 AAM0] AT A EE I8 a1
ol9} Y QB WA S disl 1 Bt ATES Pt
At

Lie(1989y= &3] Ftold 27 G #5 A8 F o83t
o 9] 94X YA E AXsla, $X 2d A7) Aol 4
2 o) galo) TN AZ0) Thed SRS fAHE F
et Fal THES 293 M el 2R Eol &
Wl giohle A& dgtell AR A0) 4988 BAHT) RS
o g9l 714 Fastka 1199 AHEKSeung ef al., 1990).
3 ) e BRE AF 9, A4 9 2 At FHeR
o]FoAQ L, 0|7 B2Y S AEETHIAES 23} 1A
A A P ok Choi(1991)s B3l FFH Hx1e
oIS MZ gte] PAEE 2AHA FadA 52 A
S BEIT

Uda(1934), Niino and Emery(1961), Yuan and Su(1984) 59
5 BT atd 35 e e VR ow &
3 FARE g BASRs FaldFel dEdct Y FEAte
wat FaleleE AR E A Stk 18U Beardsley er
al (1992)2 AT o A3 HE APS B3l o184 &
3 FROM BFoT 32 £3S 23U Yanagi and
Takahashi(1993)= 7] B £33 48 A5E ARty T
HAAE oM S IR #lY ¢F X BEE o] 83 o
4 3 559 £ i iAo R «8sE Byl
T}, Yanagi et al (1997)% 3513 IEAE o) 83e) D53 )
T o] AR AY 8 73 ZEY] AHE AMESl] o F
Heol ol WAA W& sdho] vrPE AAIBIST

Seung(1987)2 ©<=3le 2327 (geostrophic adjustment) ©|&
2Hg olgslo] B TR gt Eigvt BEoR SES
olar, 77 B3] 4253k ok 0.01 Sw(10° m¥s)E F7J3139C}. Naimie
et al (2001) 3319 3ok £33 Tdlo] €8 viEH 40 ¥
ZA a8 A B0 fS dEo R o] ] £FE
AdHR o7 Qdsty BAEIR) oWl BF & AR V)
A9 #o 2 X3H(nudging)stel 75 852 FAAAIL tP)
ote] dwshre A3 X A3 ¥4 A9 53 g4
FHY 8L FHA YT AFT 229 Eto) ) Bk
7Z33F4 918 A= (baroclinic pressure gradient)o] A|HjZIQl Flo]
231 8150k, Xia er al (2006 2w vkl 7] E2M2)
o] 24 g8)3 A 259 f8le dEoR ARES 3314 &)
% <8 2] TdE g FHoM 2HHAE uel 3=
& AAFE ARG} T8 Xia ef ol 2006y £F A A9
7} 50 7|8 g oz FAste] o5 3l S5 At
A BFog 32 AARE A oY Aol 43 (quasi-
geostrophic balance)2 2 #-X8-S Bt} ol F4E3lo] A
o FAE FLAHE VfEAZE Hgo R AYA 4y ArY
& V==Y 7B Fa% 9SSt

F2A9 Y7F AlA o2 Wt R 3ol AFAE Al
Rl Mg et Z2E FE #F5she d & ool
th(Simpson and Hunter, 1974; Sun and Cho, 2010). ©]2|g+ o]
2 38 35 ot AAbA Qo] 272 e PR A



o122 el FF AE e} 5
WAL e} BHOR TR At AAFE Al SFAL A
Fato] BT AvE AR Aol girk. A o B o
e Ak Slo] PP AL et B AL AARY £
$E, 5A7E U AFH B A7 $Sait,

B AT A £ 49 GBS nake) slo] £

Xd]g% 307 202 0107 s HHEAE A3 ko)
SHAch AN AGA M,, S,, Oy, Ky, Nz, Kz, Py
490 5 %F vl 248 ARSI o] BE Y QtollA &

L T':—l—a =1
Ao 28k Eglo] o] & HRHEE sgich, ek AP wlEA
B AMgowR 7] UAT i ARE AT A9ut) o

& B 3% Ejll O‘OMKE A58

E%é } EH ]94_/] Hoh 2~ ] Ul:—ﬂoﬂ}ﬂ x]x% 74]}\]_
Shgick. st # A W}— oﬂvﬁle A7l AlFste] At A
e U5 @4@— AAlslit, & el 3 A B1e 45

Bl - AbelA wkee] BApd fleol 279 TRoE FdH
v AXE met B850 7 F2= dFE 2007d of el siFAE

=
AFslol #53 AEERE El éh 3XH st ¢§Jv A 2l
3

EL Ak AAF =AY $A
lo|o), piAEro R thr)9h A%
71el iﬁ%ﬂﬂ ﬂ717} %}a}@ o W} B2o7 s gl 7

ei=3
el F QA AFRE 5L A 8 A
A+ (Korea Hydrographic and Oceanographic Adminstration, KHOA)
2 200741 29 27URE 128 239704 F 7570 AR 73
I 5 9 T A5k EHA G ERAR, 2007). 4 #5F
oA SFARCM 7, 9yF ETF FOl|ZFE 5 m ot FFo A4
A5 ADCPE 84 viete]l Axlste] 3 §42 €3t
ATelx = Fal E—roﬂ AAska

108 1Ao7 71ZE89t & 4

o] 20 m o)l 137 A 2007d 7EHE] 88 Afolell
& Al AEE AHESHTHFig. 4).

= 3}|%F717d (National Oceanic and Atmospheric Administration,
NOAAYS: A= 71421730l BA1E 1ials JAMA (Advanced
Very High Resolution Radiometer, AVHRR)Z ©]&-35}o] 22|+
B3 FRAEE 95k Qloh & ATelxE aeabteld
(National Fisheries Research and Development Institute, NFRDI)|
= glokr Al 7)Akel A © B RE) 22 7sk] 7
IR & AE AN, Gl B2 AUS ook 3
21 2007 7E 14
XhL(Flg. 2a)52]r Bdo] AL
H]J.I_O}’Oiq(}jlg 2b).

FRDI 3l FF-ollA 2007 63]ol dA
.‘9_., Oél“f:, %ﬁ.{\l—‘/}\_, O(:)]Ol:OﬂE o) E/KT ot :LELJE 177H SLE__
7 AFZ A5sl] flste] o F 2007 88
FH FEE ARSIITHFig. 1).
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Fig. 1. A nested modeling domain (solid rectangle with 8 km hor-
izontal grid spacing over the Yellow Sea). Bottom depths (in meters)
are indicated by contours. Dotted line denotes the zonal transect,
approximately along 36°N, where vertical sections of temperature
and velocity are compared.
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Fig. 2. Horizontal distribution of temperature on 14 July 2007 (a)
sea surface temperature from satellite measurement and (b) 5-m
depth temperature from model simulation with tides, winds and river
inflow forcing. The satellite AVHRR SST data were supplied by
NOAA and processed by NFRDI of Korea.
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3R o =& oW

2 Aol ARSI &3 2E2 Ay vEo] Yok 4
A EZAbel 2] A8+ Regional Ocean Modeling System
(ROMS; Song and Haidvogel, 1994)°]c}. ROMSol| ARS8 A u))
WAL AAER A ola, FEd 2ARY BAUAT 24}
(Boussinesq approximationys ARE-3t}, th7] ¢} sfeke] Ab S xhg
o & 9L vAE d5A MEE 2Aksl] 98 kgl 9
& £39 25, 9 4 FE 59 2458 o|g3l] 7|4} &)
%2 A E A4St bulk parameterization(Fairall ef al,
1996) " A3

ARG AR s-F)3A (streched terrain-following coordinate)
& AREEIT 23 A 4T AAZE Ado] foldt 22 EA
o] A vl A@AS o] ol o-FFA Y APk A
HEAY. s-FAFARE F2AFoIU vERZAZT AN Fabuloto)
HAshe, A g el NsHA wheEhe 4 aEe] Ast et
Aw % 7%= A HSong and Haidvogel, 1994; Shchepetkin and
McWilliams, 2000). ROMSE A4t A7HE &82 07 Fulsly)
Al SREES} AUREE FeiEi] AXteh= A7 B8 (split-
explicit time-stepping scheme)& AME-3Hc},

TFH R 9 (24°~42.5°N, 113.9°~133.5°E) #3l|, =]
e, eI 28y BAuE Y 98-S $3sFig 1). 5
4} A5 NGDC(National Geophysical Data Center)®] ETOPO5Z
AR 0w, Sag) dhe] Hals 5 AR} 30% Mg w
Eo13 Seo(2008)9] AIRE AN AR 1L oF |/
12°0]0, R 0 2= 307l FO0F FAH vl npREL &
9] gl HlEishe 2] (quadratic drag lawyS AFE3E1%]00, o]
o vl wFEbA|S (drag coefficient, Cd)= 0.0035 ARE-3151T)

529 99 We] 27] 523 A8 Seo e al (2009)0] 1993
FE 2] 2R BEAEEYG S Sieed 299 20073 A
& ARESISITE A A D] AFE T3 Seo er al.(2009)2] E
MY dired AHE ARgEle] dig HeleE slgi). soF
T2 LA A BAZACE 025° 8 Fz A7) 2=

A2F M OR FXR T F3lsied Pkt Zloln). gy
8 2F= R0 oF 035° AR AFHH, Az R
122k A 07 AFEtt & APore 1Y HAe @l
T, 718, AU S5, AWV 2 9 Balge 29 Azl g
Al Wiksted ARgat3itt,

AL WREE IR 85 A5 ArEHe] A4S o
8ol 7t BT AR E AMSSIITH(Yang, 2006). FaPde]
FEE P REY s%E ARSI 1Elu g3 FF A
Qte] PR 22Xl 2 TS viAe W, I E W 2=
YRS FEAET FFEALRN A A8 S ARSIl e
o, R $37e) B R 24 57 25 eEY
15%3} 12%% AR3-31TH(Table 1).

HE5 Alzet 29 FotHjW

AT, 2 2 FEY A HEE BARKE 33k Y &
R Bl A, vlg 9 AEE fUE dHOo = Ag-sto]
A5E 3 T oS Ay 1 AHE dF 5 AR
2} B WS}t Table 2, EXP-TWR).

HEH 2 2% Hlw

A Ao A5 s 2E Aol Ao A%
g 5 mo] 9BT T FE9 Bl ustkFig. 2). FAEE
AnelA] sEw 2AY g2 AMgslel 9 2 BES e
T Qou, Bl B A} go] AP E(5 m oY) FelA
= 3l ol ARMA o A Msisha, i 249 ol
315 Feko) Az o7 wislelr g nwd Azkaog PPl

o oF

Table 2. Forcing combination for 8 numerical experiments. T, W and
R represent tide, wind and river inflow, respectively. S and N stand
for spring and neap tides, respectively. 10P and 10N represent 10%
increase and 10% decrease of solar radiation, respectively.

Forcing Tide

Oregon global tide model version 6 (TPX06)2] ZXAREE 33 Experiment Wind  River ~Solar Radiation
AF =8 FA 2d Azt DA Uit st} TPXO6:= EXP-T O x x Daily
TOPEX/Poseidon 9442 #& X755 o]43 A A 2 EXP-TW O Daily @) Daily
(Oregon global model) 70| (Egbert and Erofeeva, 2002), & EXP-TR @) X O Daily
A-FoME 7 B2 (Ma, Sp, O, Ky, Ny, Ky, Py 2 Q) o] & EXP-TWR O Daily O Daily
sl EXP-WR X Daily O Daily
Y 2 RN AR o) P AmE AT EXPSN O Monthly O Monthly
&} (Buropean Centre for Medium-Range Weather Forecast, ECMWE)P] EXP-10P O Daly O DailyxLl
A A AA 714 B AEES 4DVAR@dimensional variational)  — Ll 10N O |Dally O  Dailyx09
Table 1. Monthly mean freshwater discharge (m’/s) for the seven rivers flowing into the numerical model domain.
River Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Now. Dec.
Han 156 161 160 246 467 638 5647 1100 261 173 185 180
Keum 40 46 82 40 65 104 308 461 819 125 64 55
Mankyoung 6 7 12 10 16 46 69 123 19 10 8
Dongjin 5 6 10 5 8 12 37 55 98 15 8
Youngsan 13 23 43 11 14 13 73 143 435 52 21 15
Changjiang 14951 17125 22780 27089 25381 37336 39304 49309 37186 26415 22558 23235
Huangho 748 856 1139 1354 1269 1867 1965 2465 1859 1321 1128 1162
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SHAGZAFE S 2007 THFH 897 B FF T5 o
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A 20~60 m Afelel] FAT S} AR K5, A1 E R
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Fig. 4. Comparison of mean currents from observation (Korea
Hydrographic and Oceanographic Adminstration) and mode! simu-
lation with tides, winds and river inflow. Thick vectors are obser-
vation and thin vectors are model simulation result at 5 m from the
surface. Isobaths of 20, 40 and 60 m are indicated by dashed lines.
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Fig. 3. Vertical temperature (°C) section along the line 308 of NFRDI (approximately along 36°N) in August 2007 from (a) observation
and (b) model simulation with tides, winds and river inflow. Contour interval is 2 °C.
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Fig. 5. Horizontal distribution of monthly mean currents (vectors) and
temperature (contours) at (a) 5 m and (b) 20 m depths from the
numerical simulation with tides, winds and river inflow. Note that dif-
ferent vector scales are used for clarity for each depth. Contour inter-
val is 2 °C.
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Fig. 6. (a) Monthly mean temperature and (b) northward component
of velocity along the 36°N transect in August 2007 from the numer-
ical simulation with tides, winds and river inflow. Unit of temper-
ature and velocity are °C and cm/s, respectively.

ofste] W7t el B9k Fal] wheell eI 20 m 4
ollA] Aok A7 BT At AAFEG FEo] U g £
o &

32 o <3k ndlg = ¥ 22 Yanagi and
Takahashi(1993)7} e ](diagnostlc equation)s ] AE-0
2 F g Ao} fAlH 253 F5olA sRAAE &3
& Ho|A, 7 A A} 7hAo] AR 3 SfoF 8 KLk
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Fig. 9. Monthly mean surface (5 m) temperature (°C) and currents
distribution in August 2007 from model simulation forced by (a)
tides, (b) tides and winds, (c) tides and river inflow, and (d) tides,
winds and river inflow. Contour interval is 2 °C.
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Fig. 10. (left panels) Monthly mean temperature and (right panels)
northward component of velocity in August 2007 from model sim-
ulation forced by (a, b) tides, (c, d) tides and winds, (e, f) tides and
river inflow, and (g, h) tides, winds and river inflow.

Table 3. Transport and maximum surface speed of northward current
across 36°N for each experiment with different forcing in August
2007.

Case Northward volume  Relative Maximum northward
transport (Sv) value velocity (m/s)
EXP-T 0.091 1.00 0.126
EXP-TW 0.259 2.85 0.133
EXP-TR 0.098 1.08 0.128
EXP-TWR 0.267 2.93 0.130
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Fig. 11. Monthly mean sea surface (5 m) temperature and currents
distribution for the 10% (a) decrease and (b) increase of solar radi-
ation in August 2007. Vertical sections of monthly mean northward
velocity along 36°N for the 10% (c) decrease and (d) increase of
solar radiation.
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Table 4. Transport and maximum surface speed of northward velocity
across 36°N for each experiment with different solar radiation amount in
August 2007. The numerical model was forced by tides, winds and
river inflow.

Northward volume Relative Maximum northward

Case transport (Sv) value velocity (m/s)
EXP-10N 0.263 0.99 0.123
EXP-10P 0.271 1.01 0.135
EXP-TWR 0.267 1.00 0.130
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Fig. 12. (left panels) Mean temperature and (right panels) northward
component of velocity along 36°N during spring and neap tides in
August 2007. The numerical model was forced tides, monthly mean
wind and monthly mean river inflow (EXP-SN). Thick solid lines in
right panels represent zero velocity contours.
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Table S. Transport and maximum surface speed of northward velocity across 36°N during neap and spring tidal periods in August 2007. The
numerical model was forced by tides, monthly mean winds and monthly mean river inflow.

Relative value Maximum northward velocity (m/s)

EXP-SN Northward volume transport (Sv)
Neap tide (6-10 Aug.) 0.196
Spring tide (13-17 Aug.) 0.324
Neap tide (20-24 Aug.) 0.189
Spring tide (28 Aug.-1 Sep.) 0.253
One month 0.238

0.82 0.105
1.36 0.113
0.79 0.109
1.06 0.109
1.00 0.110

Table 6. Transport and maximum surface speed of northward velocity across 36°N during neap and spring tidal periods in August 2007. The
numerical model was forced by tides, daily mean winds and monthly mean river inflow.

EXP-TWR

Northward volume transport (Sv)

Relative value Maximum northward velocity (m/s)

Neap tide (6-10 Aug.) 0.422 1.58 0.231
Spring tide (13-17 Aug.) 0.299 1.12 0.236
Neap tide (20-24 Aug.) 0.246 0.92 0.114
Spring tide (28 Aug.-1 Sep.) 0.304 1.14 0.148
One month 0.267 1.00 0.13
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and monthly mean river inflow (EXP-TWR). Thick solid lines in
right panels represent zero velocity contours.
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Eastward Wind Speed (U) in August 2007
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Fig. 15. Spatially averaged daily mean wind vectors over the eastern
Yellow Sea from August 1 to 31, 2007. (a) Top panel is eastward
wind speed and (b) bottom panel is northward wind speed.
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Fig. 16. Upper panel displays monthly mean sea surface height (thick
line) and sea surface temperature (dotted line) along 36°N. Lower panel
shows vertical section of temperature (color shading) and northward
component of velocity (contours, cm/s) along 36°N. Contour interval is
5 cm/s and solid lines represent northward direction.
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