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121 IS 4+ ¥

o 20207bA =ui 712 Z1RE 2l Holy YWk 2l 28 A= Zhzt 1,200 7 1,784
Ho =, 2010 FE Holg 7| ndS & HAarz oz F7FoHCha et al,
2020). =&} 9] BT ek 712 7Rk 2849 7les AAS
o g & AFE JYPsta JiUang et al, 2020, Tamiru and Wagari, 2022,
Tang et al., 2021).

o 9o A= EFDCS LSTM(Long-Short Term Memory)2 A&t 429 AAo] G=4-a
2 =3 A7} I om(Zheng et al., 2021), SWMM(Storm Water Management
ModeD#} LSTME AAIEtY TA] 45 B840 =2 o =3 Abe|Zhao et al, 2023 5 o
&g AT7E EAE, FulolA 712 71k 2l glolE 7y 2d-& AJgE sho] HE

= md ATE RE2F Agolth
122 29 94 29 A7 5%

o TUQ HAAT 2A A, e Held B2 &8-o] E1HAT 9ol A= LSTM
2aE &8st T W ke DO TPE o &3 Abdl7F Jtk(Wang et al., 2017). &=
3 AVMEE g &5, 95, DO, FEEH-a o =< ANN(Artificial Neural Network)
< Zgsled =3 Ag(Palani et  al, 2008) 2 A% W FHolA
Bi-LSTM(Bidirectional-LSTM) =2 ¢] & 8-& &3 COD<} BOD o= Atg|7}F 9l thKhullar
et al., 2022).

o T = LSTM B2 & AHEste] 33 99 W Fd @S 783 AtV Jdem(FHF
3 9 2020), G5 FYolA FEEZH-a 9= ANN 2dS A& AEl7E A oHKim
et al., 2019). =3+ RNN(Recurrent Neural Network) 2@ 3} [STM el &8sl F7F
f4¢ BOD, COD, SSE =3 A#(Lim et al, 2018) @ 37 F99 =+
CNN(Convolutional Neural Network) 22&-& &3 o=3g A7} AhHSong, 2020).

o
o

Ll

123 s 9] SWAT =d d+ %

o U9 APAF FA A, SWAT 22 A AA B2 tid=E F900A gl A88S
stk ool ME e Ul 7 HMAE 2 24 7492 twE 7 1499 TN TPE
=3t FQ FFLE g2l Ayt 9o (Malago et al., 2017), = W 7] & 3}e}
EXo]§ Wl mE 3 oSl H&H A77F AHGuo et al., 2016). =g SWAT =
do g4 £3F RES AFE SWAT-C(SWAT-Carbon) ==& #83te] w=+ 1 POC



2 DOCE =3 AHdl7F JoHQi et al., 2020).

37‘14101]*1{— SWAT 2d-& 83t d&4d 99 A9 B g & FFH SS, TN,
TPE o =3+ Alel7} o (Lee et al, 2020), SWAT 2dlo| +HH 2/ &S &3}
o G54 A7 =F/FE A= A7 JokPyo et al., 2019). =3 3E74 F2] TOC

of| =& 93] SWAT-C mdo] 2= JtHFE 2 2022).

712 718 =9l SWAT# wlolg 7|dt 2dS AA S 7%= o534 2o Noori et al,
(2020)2 QAVF4A17 ™ ANNT A7 0}04 L9 NO3-5 ¢ 53813aL, stolBe|E Rdo] 7]
< @Y 2dEng Hold dF d5S Bt

T ] B3 A Ay SWAT Eﬂl HEWC'] O%E%T A o ZFo azoln, Y
2da Ae Al HolH B3 1< FAstAHChen et al,,
2023). 218U F4E oA=& 918 SWAT EHth %Eﬁ 2as et stolBE 2d

13 47 =2
337 st 299 W o 9S o £ A3 S =35t 98 71& 7)
HE mdol SWAT-C(SWAT- Carbon)ﬁl} d21d =2 <2l LSTM(Long-Short Term Memory)-<
Agste] stolBYE RAS F23ta FE o Fo] i3 84S HEZH.
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FENEIS

H/HEHHEH

‘Sl0|H2|E 2US S5 28l CIXIY SR
01 SgA 7|8H-23Y slo|gzE e 1=
02 #& olH LI TOC o

=3
03 Oz 7[=Hst ALtE|2 HES St Fefl +2 0= = ot

<19 1-3> d753



Al 2 & A7He W ol




A 2 &

2.1 9744

n

)

o
e

-
il

SWAT-C mdle] 7

w7l Avel oo

=
Bo

)
R

;OH

o

~

sto] 7] sko] o

Far A oF Wl

)

ae}.

221 @7 WA A4

= 55%

J)

FA T

3|

9

23

I fro) ©2& 182.9 km®o]

Z

3/N(A =)

=
T

F 2 127 A, 227 S7H(A), 34

S

b2 e 32kmoln] 7

S

%
o f9 W BTG AN o

baoz w45 glok.

S

7N ¢

4 Ry
2
s &

A2 =(3), BT

s

Ul

A

Z

<9 2-1> %43t



2.2.2. SWAT-C =4

SWAT-C 2d& FAA &2 58, 9¢=2 3, 4 2 Id 5& 29 + A=
SWAT =dof CENTURY Z@3 EPIC 2d-S Agste] wrEoi3 dolti(Zhang et al,
2013).

CENTURY =& B9 U &4, d4, 2 =

(Erosion Productivity Impact Calculator) 2 &2 EFo] 34, &, OﬂO‘E“Z‘J_ 2= A%
S Edegtilzaurralde et al, 2007).
SWAT-C EdofA = o]g3t + =de 54

SHA Z2A~E 9% FA W g4 &8s 2oTih
£3] /7] ®&9 F 7HA] F8 FHQA DOCDissolved Organic Carbon)<}t
POC(Particulate Organic Carbon)e] A4, && =)

SWAT-C =24 DOCE AZF=ol 93 o), &
=, U9 BEYSolA Aot 2 s oz 9] o] Fs) & el
ool o, M s BF T2 T AAH AE F=, VAFE AE 5o AA

3l olFska A H XHEEZ}H erzg = 7134

i

Terrasirial Processes Aguatic Processes
s 1 BGiE Erasion {POC) |
Sediment : Fesmessesssass . Water Column
W Mortality
Soil | Surface Runoff Floatung Algae
| (800
. : pOC (2 — poc
i A
Deca 5]
E R LPOC ——» RPOC [ omeommen | LDOC —— RDOC
| B
1 -
| Lstsral Fow {BO0) Y :
]  Mortality
E Bottom Algae
| Resuspension
i Diffusion .
POC and Algae Y
' s 4 Bubbling :§°
DOC Recharge 3 Resuspension ;
Baseflow (DO} 4
3 ’ l Settling CHq4
Qut POC, and POC,; and Minerallzation) ey
Decomposition POC, > !
3 Denitrification
Sediment J :
¥ Hury

<9 2-2> SWAT-C 2dlo] g4 2HQ1 et al, 2019)



2.2.3 SWAT-C =d {&bAs 7=

T AsE e (¥ 2-3>3 o] X FEaxd(Digital Elevation Model, DEM), EXA]
¥ B %=(Land Use map), EY=(Soil map)= T4 E .

3 ARE T 79 W S WEYA, AA IE, B 5 5= HEE Aok

DEM
{m)
440.77

. 28.439

e

w

YUY
W ZiErXyx]

XAz}
. EER

10
km

REE), B EE(E

ARE 17 2-4>0] JERD kel 2ol AT i 5 U - 93] A3 FB]
Z(ASOS), WA/ ABZAWS) AR2A 57 FEe A5 AHL AL B

AR

Eas

&, B s E 94 LAt

HH o= 4—? EIVL LHOH AAT "4
2
=

0228744 1222] A\l A VA Aol Y
SR R 5SS GE 2ol e,
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(E 2-1> SWAT-C =29] 9#€A 8

dAH A= £ T4 718
EnER IZ0AREY
FAFEIEY =2} 1:5000 (3§7d= 5m) A .}O ©
(http://data.nsdi.go.kr/dataset)
SLAE 347 B A H] A~
EAmEE ZEF AE GIH= 5m) wET RAEdg R
(https://egis.me.go.kr/)
~ =3
ESENT ALEYSE (534 1:25,000)

(http://soil.rda.go.kr/soil/index.jsp)

&4 wH(mm),
Hj/H 4 7]2(C),
B F5m/s),
Bt s =%),
A D AFFMI/m?)

N33R NIARNGED

(https://data.kma.go.kr/cmmn/main.do)

SrERA YL, EELE 2

R A A g7 Hm's)

TP AT A d A=A
(https://wems.nier.go.kr/)

=

A FAY A B A,

FEAFH BAR

(https://www.nongsaro.go.kr/portal/port
alMain.ps?menuld=PS00001)
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224 SWAT-C =99 4 -HA

o SWAT-C & E3 §9 Wi 7|2s FAH R dste Bdo|Bng &3 a4
< SaAE 7
o olu, wirjH i
do=z AAEY Fo AEH A
e H AFNANE 79 S8
T A= HYE YAt
o U9 il M E S glelsto]wF 2 A= (Latin Hypercube Sampling, LHS)
Abg-3te] w7 ARl MRl A E&E F JEF AT
/\]yl 3

F A EZ SWAT-C 29¢&
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it}
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32
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Sfol A FHZAY BELolA 2R ATE ¥
=

e TAESARY ASA s TZHAY HIEAHH A= FF TBFEQ AFA &5
(#1007540) T=24 3 A 852 A 3-F T

o SWAT-C =g A5H7E A3l 712 71v 9] QAP S Hrister ditd o= A
€% += NSE (Nash-Sutcliffe Efficiency)9} PBIAS (Percent BIAS)E A EZHA AR&31% 0
o 7} A x;9] FEH= <F 2-2>0] YER A

* NSE& 1ol 77h&+5 2o Aol o1 00 725 RYA7}
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2153 welahA 23 Ao BeHETh PBASE AUlghe]l 3717} 00 AHEFE wo
Asol o ko g u o X7} A4, S g uw o X7t HojibA E
o BT the R4 AsEsl AEE 444S Yehit
3 (0-57
NSE=1—""1 %=2] 2-1. NSE 44 2]
> (0,—0F
1=1
Y (8—0)
PBIAS=""! %100 Z=2] 2-2. PBIAS AFA 2]

A71A, OF WAL AFAE rjsiy Ot AEX ) BFH, S

|

iAo BRI E 9

AToAE a9 2o A5l 49 B AT 3A E=5He A3 A9 A
T A34E 37_346‘}04, QA Hrle] =4S Satisfactory wi, NSE>0.59]4 NSE=0.12
st tHMoriasi et al, 2015, Records et al, 2014).

4l 587 710l EASHA ot da 2 <l ARt 7
H7FsEtHDu et al, 2020).

—|—‘

N
o

SR

<F 2-2> 2do] A3yl x ¥ H(Moriasi et al, 2007)

NSE . PBIAS o
Very good 0.75 < NSE < 1.00 | PBIAS| < 10 | PBIAS| < 25
Good 0.65 < NSE<0.75 | 10 < | PBIAS| <15 | 25 < | PBIAS| < 40
Satisfactory 0.50 < NSE<0.65 | 15 < |PBIAS|< 25 | 40 < | PBIAS|< 70
Unsatisfactory NSE<0.5 | PBIAS| = 25 | PBIAS| = 70

_13_



—_— SWAT-C Simulation

s 7| HeEH HIHHA
C AXEIRY - UYL CEIENM - 5Ny Ul
- EXTSE - a/Es e Yusd -z
- HUEYE S EBFYUSE - PeHIAE - A
- TP B4 Y g
- 87l WAk R
orEE HE I A 2R
2011 2013 2020 2022

—] Calibration & Validation

Latin Hypercube
Sampling

U7 ME 48

S5m}

o

NSE & PBIAS

<9 2-5> SWAT-C A3 A=A

2.2.5 Bi-LSTM =4

A
ATt
AT =
Bidirectional LSTM(Bi-LSTM)& A}&-3} 3t}
¢ Bi-LSTM

o)
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A gt

o oA = SWAT Bdlof RCP AU & A &3t 7|28k W ofd) A He] 7|59
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&) = AT,
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e T
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GE 3-2> YA F AhEs
7 H g A H 4 =%k
ALPHA_BF Baseflow alpha factor 0-1 0.85
Peak rate adjustment factor for sediment B
ADI_PKR routing in the subbasin (tributary channels) 0.5-2 0.79
CANMX Maximum canopy storage. 0-100 7.31
Effective hydraulic conductivity in main 001
CH_K2 channel alluvium 0.01-500 184.17
SCS runoff curve number for moisture 0/ _AN\0, _ o
CN2 condition 2 -30%-30% 28.86%
er_POC_para POC enrichment ratio 0.1-5 4.05
ESCO Soil evaporation compensation factor 0-1 0.97
GW_DELAY Groundwater delay 0-500 93.96
GW_REVAP Groundwater “revap” coefficient 0.02-0.2 0.14
Threshold depth of water in the shallow _
GWQMN aquifer required for return flow to occur 0-5000 1687.25
: DOC half life (days) in groundwater, ~
hiife_doc_para calculation DOC decay in groundwater 0.1-50 57.82
LAT_TTIME Lateral flow travel time 0-180 91.23
organic carbon partition coefficient, basin _
part_DOC_para scale parameter 500-2000 1780
peroc_DOC_para DOC percolation coefficient 0.01-1 0.80
Peak rate adjustment factor for sediment _
PRF routing in the main channel 0-2 1.25
RCHRG_DP Deep aquifer percolation fraction 0-1 0.02
Threshold depth of water in the shallow _

REVAPMN aquifer for “revap” to occur 0-1000 882.95
SFTMP Snowfall temperature -5-5 0.85
SLSOIL Slope length for lateral subsurface flow 0-150 50.69

SOL_AWC Available water capacity of the soil layer -50%-50% -12.16%
SOL_K Saturated hydraulic conductivity -50%-50% 32.39%

Linear parameter for calculating the maximum
SPCON amount of sediment that can be reentrained | 0.0001-0.01 0.0076
during channel sediment routing
Exponent parameter for calculating sediment _

SPEXP reentrained in channel sediment routing 1-1.5 1.05
SURLAG Surface runoff lag time 1-24 21.53
sv_Ip LPOC settling velocity 0.1-1 0.66
SV_Ip RPOC settling velocity 0.1-1 0.60
USLE_K USLE equation soil erodibility (K) factor -50%-50% -46.97%
USLE_P USLE equation support practice 0-1 0.15
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3hd F9 dag meolE 20133dHE 20223714 A Elom, 2013~2019d &5 7)
ZH7A), 2020~2022d HZF 71ZH3A) o2 A3t ZPF AT

o FFol it SF(HS) 713t gk SAX A= NSE 0.65(0.43), PBIAS -9.70(11.75) =
e T

o TOCO thgt g5 3)71xtel gk SA A A 3+= NSE 0.45(0.12), PBIAS 3.90(6.0D= 1}

weluT b;% = 1%1 LR A
= ro] 2013, 2021, 2022'd A5 IFs5 59 HFo= Qg I
= Aoz FAFYT
. TOCS| A% uld &g BZA o) vl Tha TadZels AFL BT

- ole AFERETY A #F AR, B4 TOC AR L A FEF ABWE 0| §59]
W, 1 gte) BhE 9 axo] WES elshA 2 Bl = shsAgol EAwT

(&% 3-3> Bi-LSTM =¥ A3}

kil N NSE PBIAS
RHXA
oot (2013-2019'1) 0.65 -9.70
T o 7@[ Xé 4 11
(2020-20223) 0.43 .75
BHXA
T (2013-2019') 0.45 3.90
0C 7-1 X4 0.12 6.01
(2020-2022') : .
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71K B ez sty YA
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« TOCY 7%, SWAT-C 24, Bi-LSTM g3} Hluste] 714 £ Aes Bt
« o]& stolBYE mdo] Fa2 FAH= TOCS HIAZ7I3E & SWAT-C mojgte
2 A=A o237 B4 & wtgstdon AS /=T o9l dF a4
[e) 3

3= 712k NSE PBIAS
BA
o o (2013-2019') 0.68 1.84
o G 0.36 14.78
(2020-2022) : 7
TR
(2013-2019%1) 0.42 ~12.95
TOC 7 =]
590 0.37 4.71
(2020-20221)
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Change rate of maximum temperature (*C)

Change rate of minimum temperature (*C)
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Change rate of relative humidity (%)

Change rate of wind speed (my/s)
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