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Numerical Modeling for Region of Freshwater Influence by Han River
Discharge in the Yeomha Channel, Gyeonggi Bay
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Abstract : This study estimates the region of freshwater influence (ROFI) by Han River discharge in the Yeomha
channel, Gyeonggi Bay. A 3-D numerical model, which is validated for reproducibility of variation in current
velocity and salinity, is applied in Gyeonggi Bay. Distance of freshwater influence (DOFI) is defined as the dis-
tance from the entrance of Yeomha channel to the point where surface salinity is 28 psu. Model scenarios were
constructed by dividing the Han River discharge into 10 categories (200~10,000 m’/s). The relation equation
between freshwater discharge and DOFI was calculated based on performing a non-linear regression analysis.
ROFT in Yeomha channel expands from the southern sea area of Ganghwa-do to the northern sea area of Yeong-
heung-do as the intensity of Han River discharge increases. The discharge and DOFI are a proportional relation-
ship, and the increase rate of DOFI gradually decreases as discharge increases. Based on the relation equation
calculated in this study, DOFI in the Yeomha channel can be estimated through the monthly mean Han River dis-
charge. Accordingly, it will be possible to respond and predict problems related to damage to water quality and
ecology due to rapid freshwater runoff.

Keywords : Han River discharge, region of freshwater influence, non-linear regression analysis, FVCOM
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skl @Erow Qs @9l 7 =% PAHs, TBT, & ﬂ]ﬁlc&l W3S 2gehs F2 2907 A2 ETHLim et
=% 59 fefislelEAde AkyEAe] $7 EAS o)A 1., 2007). AICk7F, tigki=o] 4913}, =Al8) T o= <lg) 3t
719, tFe] f71Ee] SE 2] f5 QI dllde] 7P£TE1 FEEE 2 BA9) o2 AHH 07 Tkl
Joks} S WAt (Jeong et al., 2017). B3k, 735k o 2o (Kim et al., 2019), A& d3}o|| 23t 715 W3} 7}
T fETel e A9 e g S 3 AE E3slgle) whel o] FH ] A A 5] olH e JE
of o} &F-S u] X th(Park and Min, 2018). wehA, Ak 3k 2 AEel Mgyt S48k Ith(Kim et al., 2020). 15
ol o] T JERSIE FgehE 2 A B e 01, 20201 8ol A A7)7Ee] HF s el olste] o
oA Fastct Ht 7 FEo] 20,000 mYsS 298 A7) 7F EA B )
ekl Al Tl fxe A7 Rk =2 e, 9 2, B fE Tdliel Tl FAC oS 2 AS5E] ¢
7, 7S Eatol B LIV 28 u = dl9olthFig. sto], s frds Eall B TSNS dgHoE T
la). 53], 371¢] &k FollA] el o3t B FE2e] A T UE 71501 Rk =
Hj A o 7 vpeh= oo th(Park et al., 2002). EoFAJo} 7715k | FollA o] T o flel st ofef7bA] At
T Aol Fah= e 7152491 Al oJsted, A 7wk T3 E]o] $FtH(Cho et al., 2008; Jeong et al.,, 2007; Park,
2 T A& AR W do] F5isH L}E}Uru} 2004; Yoon and Woo, 2012). ZA7]%Fe] & 1671 A o]
e ¥ i S VNe R, B 1-2¥99] 7% i3t 97 A5 AR E Fal 2000~2002432] 717 Foke] w
°F 300 m’/s 0|31l Whdel, &4 7-8¥2] S Al 5,500 o AN NS A3 Park(2004)2] Aol whEd, T &
m’/s7HA] 7€t} ofof| ule}, 6}7414 571 3 71 FF0) W2 A Al71elE A 58 TR 9 rkx] B4
9] YR, 2=, HAE 59 SV 45| o7 7} QS wAH, D‘T fFrEgol =& A Al71ell= 2
glo] AA71Rke] Q| 7kA] HEE 4= 9l o o]= <1k Al T Q19 7R B JH L7 EdE 4= ATk Yoon
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Fig. 1. Map of the Gyeonggi Bay and the computational grid for numerical modeling (a), study area (b), and depth variation along A-B line
(c), showing six stations W1-W6 for surface salinity data from KOEM (blue circles).
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and Woo(2012>° el F o7lel Aol st 271 2. 95
A A5 ARE S 1997~200902] 7)3F Feke] A
B REE HAS 0, Pak004)0] AN B GEW 21 R W HE XIE 2F
S5 22 o= ST SR, B Ak % 7IREO 2 7 PAR S BB (WATter resource Management
g M Aol = F7HAQ A H #= A7 7H4 9 Information System, WAMIS)C Z5-E] 2011~20201 7]t
Bolso] FAB] wlEel, A&A 0w Wakshs B did adtlne) o Wl §3 ARE SR ektHFig 2a).
Fape] B4 Wl 5+ glrka e 9, 2020801 FAE HF ARES v, 98 FF 439 109 Qe
= 71521 E9-of gal] 7)o HarwA] ok 4 Aol gk Hof -2 40] el Bt ghs ARSISlTh(Fig. 2b). F
BEEg o, ofof WE B4 G ol o B 2 10d 2, BA-22)9) L Wit H2L oF 90376 ms
B Ao sl ®ae vk glek o Wglolm, 100 Feke] HtA= oF 200 mYsolch. 4
whebA], B Ao A= A |uk detrRoA e fE 9 (7~82)2] ¥ Ht 2 oF 153~5,500 m*/s2] HlolH, 10
A Wglel dist ATo] ¢hue Ak FARES &85t W Feke] A= oF 1,500 mYsol Tk
of W7 el M2 B AFWAT FSh Ao 104 B0 Ak A Uelq F471% AR sk,
2RE FEHE B 43S S 10K TR A8 o] 500mYs o102 ekt 2679) Z17HES 1344 0.
= 3o, F 3049 5O 7|3t thsto] $Rk 7Y 2 AEfsglet. o] 713bE FollA, Bt ] 1,000 ms ©]
Borte] FAAQ G JPUAE BASA Pekrre o vehd A71E §47)2 FSEohRIRIL in Fig
AT(A)ZTEH o] 7P 28 RS wEt ©oF 80 km H 2a). 102 717F YlellA & 113)9) 35717 2A8h, 72+ &
o1zl YA (BY/IA] Q] Wa-g 7813 2 (A-B in Figs. 1b 719l rﬂ%} T2 gk x4 717H2 Table 100 A4 3F3A T
and ¢), A-B &2 A A|f 0 R EE O] g gt A E 1708 &7 oM FHoh atRe] B4 W7t HeRdd Al
Adrstoleh, AFA 0T, 2h AR §3] W2 95 3 7)1 RI% RIS RITHRI ALY 37 43S 247
Aol thet vjAdE 37 A s FAFORMN, I 1 3897.6, 4040.4 m'/s. LFEFSE O, A& 73RS 217t 68,
= Tl g i A E FAE F e wAAE A sadoltt. 11702] &57]el thgh 3t %2 2097.5 m/s©]
skt ], Gt A% 717 oF 33.69 % A H AT
@ r R2 R3 R4 RS R6 R7 R8 R9 R10 R11
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Fig. 2. Analysis for river discharge and salinity data: (a) daily mean freshwater discharge at Han River over 2011~2020, showing 11 wet sea-

sons R1-R11, (b) monthly mean freshwater discharge at Han River averaged over 2011~2020, (c) decadal mean salinity data for Feb-
ruary (Red line), May (Yellow line), August (Green line), and November (Blue line) at W1-W6 over 2011~2020. The error bar in (b)
and (c) means the maximum-minimum range for 10 years.
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Table 1. Statistics for 11 wet seasons R1-R11 suggested by Fig. 2a

UhE B e AR 151

Wet season Observation periods River discharge (m'/s) Duration

number (Year/Month/Day) Minimum Maximum Mean (day)
R1 2011/06/21~2011/08/27 550.5 18543.1 3897.6 68
R2 2012/07/05~2012/07/25 5182 5454.7 1524.6 21
R3 2012/08/11~2012/09/22 5123 6209.2 15823 43
R4 2013/07/04~2013/08/20 518.6 10657.4 25263 48
RS 2016/07/01~2016/07/22 5394 7676.3 1787.4 22
R6 2017/07/08~2017/08/06 552.5 7161.8 1459.1 30
R7 2017/08/11~2017/09/03 607.1 5643.8 1867.1 24
R8 2018/05/11~2018/06/04 501.4 5752.8 1147.9 25
R9 2018/06/26~2018/07/16 521.0 3840.4 1194.3 21
R10 2018/08/28~2018/09/10 791.5 4946.4 2045.1 14
R11 2020/07/29~2020/09/20 516.6 20680.1 4040.4 54

Mean value 5572 8778.7 2097.5 33.6

3|2 = (Korea Marine Environment Management
Corporation, KOEM)el|A| #e]eh= | FeHE 54 o =7 H
A-B ©@dol 235 = F 6702 5 (W1-W6 in Fig. 1b)°]]
tigte] 2011~202011 2] 717k sfdehes 252 G ARE
FHs d A8 AEE wid 2,5, 8, 1€ 42 1
3| Ale 7] wimell @121 AIAD FA ol thste] g
7F YA, S 20 7141 M-S A gl SlofA
£0]&}}H(Yoon and Woo, 2012). =43 10d2] 9] & =12
EuPoR, 7F A i gkl Hl-F40 HeE A
atlom, 2, 5, 8, 11€9e] sigshz Bt A wh& 244 7
AFal A thFig. 2¢). At o2 w1 ZHo we FHo=
ApE G0 WEAo] 4t Wi e gt G

o

1o
g
Ho
o
=
0%
=
1
o
Hl
o
-+
Jo

o
o] oml, 715491 54 &3t W REFe AR
QL WBHE G RE ADH WEYL oA F

22 SR EY RE A HE

1 919t A3= Chen et al.(2003)°] 2]3f 7kl v+t 2
A} dl|okegk 2E9) Finite Volume Coastal Ocean Model
(FVCOM)Z AFE-33I T FVCOMS] ZAAR= 5313 dfjobal
I A G 71 ool tisiA s o w Atshr] fls) A
7+ e R = o] ATH(Chen et al., 2008). =3, <14
WA, s A, - BE A 55 X3k o
71 Appgg 2]l ek xRtg sal ARl HellA] A4 R]
Apte] o] ol R = 5k A2 o] ARS-ET. FVCOM A
M| = TFEM 2 tE(University of Massachusetts Dartmouth,
UMASSD) W -2 3l|oF8t <158 (Woods Hole Oceanographic
Institution, WHOI)ll 23] x| &2 02 7hkEar gl om, Al

2191 182 Chen et al.(2013)°]] 2HA13] 7)€ 5 o] g},
Lee et al.(2021)> 73 7]9F sb7 Sptol| A 2] & %ol st
HAUSS B4817] S8l FVCOMS AHEato] 29, 745,
Aol gk mele] HF 4 HAS Fasklom, Willmott
(1981)°] 2l &l #AAE predicted skill(Skillye AAEEo 2 M
5 Apsel gk FvCoMe] AldAS W52 o= 711l
ok Sl 2dl Adke] 29], 755, el oisiA Al Skill
2 717} 0.99, 0.95, 0.87 o0& YEREom, f-5 4l o
gt FvcoMe] A@do] 5T Lee et al.(2021)2]
A7 AR e m R Y R BTt 2l Al
of Y& vIAA & AL POz A H ] rh(Fig.
la). 531, 913l 7N A NA = 290, 755, Bl oish ¢
T 8ol AgH) 2 ATl T Y 23S Alglst
a1, A7 AA L] A& A (Fig. 1) 9 FVCOM2] A5 A
A S-S Lee et al.(2021) 3 BAsH] 2 galoith AR
o] e Y 272 [Section 2.3]04 AFskaitt.

23 48 74
[Section 2.11°14 AAE G5 AF2E 7I9EC 2, sl o

& pA e g 98 202 F 107 el A

Table 2. 10 numerical model scenarios for O,

Case number 05 (m'/s) Simulation period (day)

C1 200

C2 500

C3 1,000

C4 1,500

C5 2,000

Co6 3,000 3
Cc7 4,000

C8 5,000

C9 6,000

C10 10,000
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S FA3FATHCI-C10 in Table 2). #H<- 108 52k, 7]
WA Z5712] st A& 713 ©F 304o|th(Table 1). ©]
£ 7INEo®, 30 Hat S F (050 T B %MJ A
£ Rosl7] flsto], Bs CaseollX 2] 22| 77k & 31
A= AAstdct. o] 7|3t st 48 3 fES 93
A A& E T, A 27)18-S Lee et al.(2021)9} A5t}
ﬂﬂr:HﬂA 4 i S 7F0=, Cl1-C9: 257719 3
3200 m¥s)7 E5719] Hl 795,500 m’/s)o] EFF
ﬂ+ﬁ T35t (Fig. 2b). B fr&o] S9F o= st
= %l thelid 71491 B4 =] Sl 10,000 m's
o] o] A= C10S AAsIint. Ux173 ol 7de]

.

i

Table 3. List of Oy, corresponding to the observation dates of salinity measured at W1-W6

Observation dates Salinity (psu)

Calculation periods of Qj,

3
m’/s
Year ~ Month/Day Wl w2 w3 W4 w5 W6 u (mlls) (Month/Day)
02/16 292 297 299 305 304 308 216.0 01/17~02/15
o1l 05/17 153 2001 287 281 289 302 607.3 04/17~05/16
08/10 152 179 186 214 230 242 4655.7 07/11~08/09
11/08 252 289 297 297 301 309 204.1 10/09~11/07
0221 307 308 305 308 312 312 171.2 01/22~02/20
o012 05/17 279 290 293 294 302 306 521.9 04/17~05/16
08/13 261 241 256 261 279 293 916.5 07/14~08/12
11/08 256 276 274 284 289 295 309.0 10/09~11/07
02/18 259 282 288 292 297 299 338.7 01/19~02/17
2013 05/30 295 297 297 298 297 298 448.0 04/30~05/29
08/13 2.1 256 256 248 268 272 3313.1 07/14~08/12
11/12 236 286 287 292 298 305 2225 10/13~11/11
02/01 257 258 294 299 308 306 178.8 01/02~01/31
014 05/07 295 302 302 305 302 308 217.0 04/07~05/06
08/12 26 244 279 284 288 299 2903 07/13~08/11
11/06 2.1 263 302 302 307 311 2235 10/07~11/05
02/02 285 304 308 309 313 315 146.6 01/03~02/01
2015 05/08 297 304 305 308 310 312 229.8 04/08~05/07
08/06 271 287 290 290 291 295 363.5 07/07~08/05
11/06 299 298 312 312 312 317 1033 10/07~11/05
02/18 302 307 310 311 314 317 88.9 01/19~02/17
2016 05/12 288 296 299 299 300  30.1 4012 04/12~05/11
08/05 256 266 281 291 291 297 1293.7 07/06~08/04
11/02 298 305 306 307 310 312 135.4 10/03~11/01
02/03 303 307 308 313 313 316 136.1 01/04~02/02
017 05/12 300 305 308 310 312 313 166.2 04/12~05/11
08/09 214 262 269 282 283 293 1439.1 07/10~08/08
11/14 273 299 303 3001 305 309 153.9 10/15~11/13
02/10 276 291 301 308 306 313 139.7 01/11~02/09
2018 05/19 93 129 192 244 278  30.1 774.1 04/19~05/18
08/16 285 292 295 295 297  30.1 225.6 07/17~08/15
11/15 269 287 293 295 299 305 212.9 10/16~11/14
02/08 262 287 294 303 309 311 176.0 01/09~02/07
2019 05/03 279 299 300 303 301 306 300.1 04/03~05/02
08/03 266 258 268 280 286 295 4258 07/04~08/02
11/05 281 301 305 303 308 311 1772 10/06~11/04
02/24 239 275 288 298 302 310 2414 01/25~02/23
2020 05/07 248 262 277 300 308 313 207.2 04/07~05/06
08/07 02 2.7 83 236 236 256 2614.1 07/08~08/06
11/18 251 277 283 293 293 298 163.1 10/19~11/17

o]/]u,]
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S G AR 153

AR 2 o) A7k el S AES] f18ted, Oyl w 7} 33], 23]% W8 SCHFig. 3a). tHEA 02, 0,01 3,000

E WI~-W6 32| @it 2o tjst A ndo] 37149 m*/sQl C62] Ao thate] W3 M dE AALS
Azol Azttt [Section 2.1114 AA S 2 A3 =t A THFig. 3b). A B2l 717 5 thx8} A% A&
55 EdE, WI-W6 FdAA #5% A7) E i #k= D% 23ehs T0F 7Y Feke R WEAdS 106274
o &= 0 AAFSFF tH(Table 3). & E9¢1, 2013 psuZ YERITH(Yellow area in Fig. 3b; Pink error bar in
89 130 A=E WI~-W6 oA 2] Qi gHoo] t)-$-a) Fig. 3e). ©]213t 39S & Ag 9 JHof 8831 7
T 05 20139 7€ 1497E 2013 8Y 129714 €] 7] Case?] O;,0ll WHE AF9] A WsA el gk Hof-2 42
ZH30)2] fragell ik B3t 3k 3313.1 m¥/s0|Ch(Table 3). WS AHgsIs) o, ZHzbe] HYighs 1A% 45 Maximum,

ST, A G AR A 43] Al s ARl v HSe A4 S Minimum .2 F A3} th(Sky-blue
of, Az W Ax/ze} 22 A Wl tisk i W area in Figs. 3¢, d, e, f, g and h). B=3F, Table 304 A|A|
S 1 Qlvk webA, 2d Aol A b= ¢ ¥ A5 A5 7] 00l mE G w7 vERlth

o
Fol 24 s HE Yol = 257} EshE=X] o= (Red x in Figs. 3c, d, e, f, g and h). A #5 =59 o
Zalo] 2 7158 s thFig. 3). 98%7}F FLell Afof| tgt o] A WA el dlellA] Al

TR F 3199 K0 7|7 Fl vk Axe 7 A webA, 7 gl uhe dskrelr o w5 2
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Fig. 3. Model validation for salinity in W1-W6: (a) time series of tide level for 31 days simulation period in W3. (b) time series of surface
salinity in W3 for case number C6. (c-h) comparison of model results and observation data for surface salinity according to Qj, in
W1-Wé. The red x denotes the observed salinity given in Table 3, and the error bar is a maximum-minimum range of modeled salinity
for tide variation during days 24~30 (Yellow area in (a) and (b)).
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b Al FARIEFo] Aldgte] QlojA, 3192 Fo) 77k FoS AT AZ F ST Cho et al.(2008)< ©F
A gstehal whdech AR AgkellA 30 psu®] HE-S 7IEOR %S WE HE

2 Aol ARE R RES] wr fERE 54 whel 31 Hoju= 298 95 3= Josiglnt. o]} 2o, 4
A &<t LA ASHTE S| RE, AR Aol A o] T ZIRE Aol M = T JEPH LS AP s flete], 9919
SFE YA AE5EA 7] wiitell, 0,0l e AR 710] Hi= G gkell digt o7t d et it
of|x]o] it W E A EEo] Al QlojA Uy APt ¥ (National Institute of Fisheries Science, NIFS)ol| A #| &
AN 4= Qlt. B3, R R A vlge] dist 1 21 sh= A S AE 25E 2001~202019 7]7] Sdehs
TASHA &8k7] wiEell, il oJst 25 A EiJ W3} 74719k Q3] X e] GR AR5 AP A3} GRS HE

= aelsA) ket ofefat olfi Qlsfel, AA ¥ Aol A 29-32 psui ks Thnot shown). 913 A%l et
oF 206t el Aol e e 24 WD W el BS Q) gt gl 218 Aske BasH, olo] 1)

A A= X %HTHEL-E6 in Figs. 3¢, d, e, f, g and h). o} wre] Go] glis Aol o] G el gl Ha
20 pswkA] LiERd: 5= 9lek, webd, B ATl B

4. A4 A1} o] 0)8k 0310 7ha9) 7ol O]at QdRo] 7FAS LEE}

7] S1&l, fl-o] 28 psu o8tz WEbb= @9l thsiA

S GEHLlE i sl e] 5ol whet vhEA A ojE T YRR st o5 EUlE, 107F49] Caseoll T

. ot xHdof o] Hie T Al 7 A BLO] 717ke] FE 7Y F]re] A ks E8-3to](Yellow
59 Q9lef 9sle] A FUH(Cho et al., 2008). Connor area in Figs. 3a and b), 342 &4 Y gl At
1 = AQkof|A] 3F0] 34 psu |5tE Ve A" E AT
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Table 4. H, and H, for the regression equation of Q5,and D,

D, H, H, R’

D, -186.33 101.07 0.99
Dy -185.60 101.91 0.98
Dy, ~185.54 103.35 0.98
D, -185.37 104.57 0.97
D, ~186.91 106.70 0.97
Dy, -194.91 111.57 0.97
Dy, -202.29 116.67 0.97
D, —205.03 119.71 0.97
D, -207.87 122.94 0.97
D, -215.14 128.30 0.97
D, —213.24 130.20 0.97
Dy —206.25 130.63 0.98
Dy -205.47 133.60 0.98
Dy —205.03 138.20 0.98
D, ~186.62 138.15 0.98
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