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Parameter Estimation of SWAT Model Using SWAT-CUP in
Seom-river Experimental Watershed
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ABSTRACT

The semi-distributed rainfall runoff model of SWAT is applied to the Seom-river experimental watershed. The simulations of various
antecedent periods before the targeted simulation periods of 2002 to 2009 are not necessary despite of the slight appearance of
corresponding changes in simulated total runoff. The simulated results of total runoff by using various numbers of soil layer maps have
little differentiated nevertheless the slight changes in simulated results have been appeared. The 7 parameters of CANMX, CN,, ESCO,
GW_REVAP, SOL_ALB, SOL_AWC, and SOL_K greatly govern the rainfall runoff are confirmed and their sensitivity analyses have
been carried out. The optimal parameters used in SWAT are derived by SUFI-2 of SWAT-CUP. The NS and R*are 0.99 and 0.98,
respectively which is shown the good agreement between the observed and the simulated results. The uncertainty factors of P-factor
and R-factor are 0.85 and 0.06, respectively which is also shown the high efficiency of the model. The high applicability is also shown
with improving the RMSE in SWAT model simulation using the parameters estimated by SUFI-2 of SWAT-CUP.
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HI(CANMX, CNQ ESCO, GW_REVAP, SOL_ALB, SOL_AWC, SOL_K)9] 813} Wit BXAS AAERTk SWAT-CUP 239
SUFI- ol g-ste] SWAT 23 2] HAuril 45 mZalsivh. melghat A&gtate] v)mE4 a3} NS, R*e 7k20.92, 0.982 %
A= Aoz H—E}‘;}U}. o] B e S YehllE= X E Pfactore}t Rfactor'= 242} 0.85, 0.060.2 239 ]Qﬂo] =7 YTtk
SWAT-CUP<2] SUFI-29] ¢Jaf] g3k wi7fgi4=2] 2823}l 4] RMSE2] 7)) §lof o] 2840 %2 Ao = dekdrt.
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HAAB RN SWAT-CUPS o] 83 SWATHY ujfiis: 33

Aol A7k A= gk

Wi BYL AT HEFS A I3 2ae
o1 %3 SAAE, SR QAR Sl Fasih s
8ol Yl 7k sgkadoe] Agshs folo] 54 olxel
o[5e] HEAG % 7VasSe] Boe) B9-fERYY B
e BAE FAT 820l §59 FFS vINE TRt

[elxe]

MRS e Sl WA HhE =
fole] SAlpEe) 4T At felsgel g Auvt da
sitk ool FeEr 2 AR R delEol
<= 8] metelr] ofEaL, Tl whe o] wiskE
28] YeR7 7} ofeiglt) wiebk] gEdt foHBE B3]
SeirtE 299 E4E veplie A=grel AR B A
== 22 B A)|2E(Geographic Information System : GIS)9]
olg-o] gzl

1980t E HFE ] Wea) | -} fEke] &84
WAE TR FMslele BYEe] ML= fFdAE

2 Afredo g ekl £ S 9 g W]
I RIskE arefste] A9 EEER vhe-S 3=
XY ot} o= GISe] st $HA] f-oJe] gk Alse}
F-HEE G FEE WIHSTE B0 E UE 5 QloA
o ole] uisk B2 A7rF XY=L Sl

SWAT E&L& nlar FHYE(USDA, United States Department
of Agriculture)?] FQH(ARS, Agricultural Research Service)
oA 7REke 89 224 Soil and Water Assessment Tool 2]
eRzlolth ArcGISe} AIEY] SWATS AMS- 71agh ArcSWAT
(Winchell et al,, 2010)0] 7], o] S o] &3fe] A7 |I7F 45—
Y] ATe 53tk

Jang 5(2004)2 GISE 7¥lo 2 SWATRES o]8-3) 513
FEFS 2L Kim 5(2005)2 SWATS 0837+ 9
TFHHSAE 7o R ASTP BoS val FHESk
Qo] Adds W7IeISItE Lee 5(2006) SWAT B35 o)
g SABE AR shRANTEE APkl digh $
&, Lee(2006)= LHOAT(Latin Hypercube One factor At a
Time) 7% 43} SCEUA(Shuffled Complex Evolution at
University of Arizona) 223} WS 0|83 SWAT 29| z}
FTHRAE, Park 5(2008)& SWATE A 33t &x82] ¢}
W Aol wE g ol adte] BlanEAElit). Leeo}
Seo(2011)= SWAT-CUPEES o183 hHE 79 A7) 7=
i BA B ASS st Wy HHstele] =
HlaREAE Bl3iTE Joh 520112 S5 F999] =l tigh
SWATR#e] o&83214 #4918 53] SWAT-CUPS] SUFI-2
SIPARASOL ¢arglso] E3He 37to) AlE) o] Erfat w7t

£ o2
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SIATE Ryu 5(2012)0] 249 #-%99) SWAT-CUPS] 3714]
A18]Z(SUFI-2, PARASOL, GLUE)S A3 215 7,14
A7} SUFI-27F AEAsE & dSsis 2o 4519k

Amolde} Allen(1996)2 Q)=o) 371 31ol tlsle] £33
S 539l Van Griesven¥} Meixner(2003)= SWATRE 2]
e WA 9 HHstE Sk wviise] A
A B 1S AARBIAAL Cao (2005 AFAJolx] TRt w3}
9 37 W fEe] HskEs #278K8It)E Winchell 520102
SWAT20092] ArcSWAT G~5d 84 E A|A18}3IE). Abbaspour
5(2007y2 SWAT-CUP 4] vt Advg=} upbg ==134091 SUFL,
GLUE, ParaSol 371412 2715}9it} Yang S(2008)& Zake
Chaohe fr%4¢] SWAT R&S 283l31om, SWAT 20| 1=
ol Zof] FotAo] T Ao g wekslgla, - 1A 9 28k
’d B2719-S SUFI-2, GLUE, ParaSol 7]%-& A}Mg-3le] )i
3t A7} SUFI-27} 2l3Ade] 32 Zlo = st Setegn &
(2010)& ¢t]eFlole] Tana 5o SWAT X3S #8511
2344 @ oy 7o 2 SUFI-2, GLUE, ParaSol
7IHE ARSIt

B o= SWAT 239 mojo) uj2 Aginelrzh) Eg
T/ AR8INRe] A AT el whiE s ke 4] siA
A7t ofBA Wslsh=A|dl] Bale] AESIIT) Tgk SWAT
YL W TS TR Qo] A7ge kel Fg¢] ofHa
oie] A9 Alatee] IS Bl v BES
FHKim et al, 2006). Wb W7EE 2o ofgk fEo] AW
&l i) 59 gefskitk Eawag $37-4:9] Abbaspour
(2008)7} 7Wd+sl SWAT-CUP(Calibration and Uncertainty
Program)®] SUFI-2 @alg}5-S AR8ate] 2o &S mxle=
ui7igeel] ik HH e v gk S8 ole] A4S
AESACE

2. SWATZ¥iI SWAT-CUPQ| SUFI-2 2112|15

2.1 SWAT 23

SWATR NN EAPES] aeshs o] d5s7] 9
sto] EA] e SAE T A S AEAE, V1A
=, Ak, Ak Foll ek o) E 2 ke e9l(HRU,
Hydrologic Response Unit) ®2 Alateth. §E53S 242t
HRU®| disl] S@# o= AteojAn, sied2s 53l skt
#HF AR frEe AT 5 ok

t
SVVT :SW)—’_E(Rday_qurf_E:z_ VVS@CP_QQIA') (])
i=1
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Fig. 1. Model Structure of the SWAT-CUP

o7 SWE ide] FF BEFEEF (mm), SWy i199] 7]
FrEE (mm), Ry, = 199 FEmm), Q2 148 A%
W EEmm), E = i9e] ke w,,,, = 199 FF
& (mm), Q= 19| A8l FZE%F (mm), ti= ARHday)olth

SWAT-CUP SWAT=R ] 535k ojej7}A] 7o
HAzk Ao HgE 4= 1o (Abbaspour, 2008), SUFI-2
(Sequential Uncertainty Fitting Ver.2), GLUE(Generalized

(mm), w

Likelihood Uncertainty Estimation), Parasol(Parameter Solu-
tion), MCMC(Markov Chain Monte Carlo)2] PSO(Particle
Swarm Optimization)2] 5714 57 UalelFo 2 FAd=e] Sk
oA SUFI-2 Pare|s5s

(Figure 1). &

2.2 SWAT-CUPQ| SUFI-2 &1n2|s

SWAT-CUP ﬁﬂuu SUFI-2 SHiaje 231 Ao)iL uhez]
o2 wyE RSt Bl BA gl o Savte] Bk

4 A 95% s|321 FUGPU) o] 4% A5 W
&2 P—factord] ¢J8] YeRIt) 95PPUE Latin-hypercube
olashm ojzl Aske] 2.5% (X,)} 97.5%
(XS] FHEEE 53] Alk=]ojzIti Abbaspour, 2011).
HE w7 Hoigt #Ha
kel W WlellA 27] Fholl A= ghe] vievE 7tshs WY
(Multiply by value), 227 HSJolr AFso 2 X3st= AFsx3
HPH(Replaced by value)2 ARE-31] 500 ~ l,OOOQ Aol vk
29 mejE ey B ol 20008) W ARES
B3l S =&tk P factors Zh RA3EvITE AlkkdE
o 0% sl giol Tekehs AEA)E WEE R B, A1)
A} 819] A Apole] Al dE A (2)s} Bk

sampling 7|H-&

Latin Hypercube sampling 7]

B Rain Station

A Water Stage

® Linking stream Outlet
® Manually Outlet

==
0 20 40 km

Fig. 2. Subbasin of Seom-river Experimental Watershed

S7)A, ki BEARE] F)5olth 95% W) ol Solrls
2zA1e] Hlgo] 100% oA, 72 di= 09 717ke off 0Pl
Arel ¥ 4 ok w4 G o] B B4 Wk
5 9= TI2 X R R— factor’= B 95PPUS AZA15(d)E
BEHHo )= LPro] A & ek 95PPU bande] Ht
5 sl 0o ZPheas il BAe Fees IRt
(Schuol et al., 2008).
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A ERNA SWAT-CUPS 0|87t SWATRS wij7ja 3=

78 FH0R 1509 AfeoR TR TPAEE 9
72 FAARE 7pgs) A] o} AR 7PIuSit
Q) el 7P 2 9T BEIATE o83t e

Table 1. Area of Subbasin

Subbasin | Area(km’) | Ratio(%) |Subbasin | Area(km’)| Ratio(%)
1 13.90 8.45 9 13.92 8.46
2 7.57 4.61 10 3.96 241
3 18.87 11.47 11 24.06 14.63
4 0.89 0.54 12 1.56 0.95
5 438 2.67 13 6.17 3.75
6 7.83 4.76 14 10.34 6.29
7 11.20 6.81 15 2435 14.81
8 15.45 9.40 Total | 164,45 100

Table 2. Soil Types

o,

SIIk Table 1€ Z17e] Zufropie] waTAolk
2 B9 ARE THN] Sstel FAQUNEY
ZHAI2E(WAMIS : Water Management Information System)
& olgslel B, 9 vl Aue TSI el 74
L Landuse, SoilType, Slope 5 372 739t ADEST
M AMERE BEAtEE IEEPRAIZEI(ASIS © An Introdu-
ction of Korean Soil Information System)& ©|-83}a] E%ke]
%42 Sorsisich Table 2= §oje] HAEFw(Soiltype)Z
Che 521 E oI AEehs ANEE(1:50,000)E o]
83te] Z/detltt Table 32 EA|o]-8-=(Landuse) T-J&%
° 2 WAMISO|A A E 5= EXOl %S ARS8l e 8714]
(WATR: =%, URBN: A7I3[R|S, HAY: U], PAST: 53-8,

Soil Type Area(kn) Ratio(%) Hsy(ﬁi(gff:l Soil Type Area(knt’) Ratio(%) Hsyo‘g(gﬁfsl
ArC 0.980 1.616 B SfC 0.040 0.065 B
DbF2 0.060 0.105 B SeE2 10.290 16.926 A
DpF2 6.030 9.913 B SmE2 0.100 0.171 A
GpB 0.020 0.030 D SmF2 2.280 3.752 A
HbF2 0210 0353 B SND2 0.010 0.013 A
HEC 0.760 1248 A SNE2 5.390 8.868 A
HYB 0.110 0.176 A SNF2 6.720 11.050 A
JiB 0.150 0.248 C SqC 0.750 1237 A
JiC 0.130 0210 C SqD 0.300 0.490 A
JoB 0.430 0.712 A SRF2 2.380 3.922 A
JoC 1.830 3.016 A StD 0.030 0.053 B
KcB 0.270 0.444 A SuB 0.120 0.203 A
MdF 11.190 18.410 C SuC 0.280 0.466 A
MoC 0.270 0.440 A UoB 0.110 0.185 B
0aE 0.090 0.145 A UoC 0.090 0.147 B
OaF 9.530 15.675 A WiE 0.400 0.663 A
OdE 2.130 3.503 A WiF 1320 2172 A
OdF 32.060 52735 A WoB 0.510 0.846 A
PxB 0.060 0.100 A WoC 0.040 0.066 A
RC 0.780 1276 A YbD2 0.040 0.074 A
RCS 1590 2617 A YiB 0.080 0.124 C
Table 3. Landuse

Classification WATR URBN HAY PAST FRST AGRL AGRR

Area(knt’) 0.005 0.163 0.140 2111 148.444 12.638 0.960

Ratio(%) 0.001 0.100 0.090 1280 90.260 7.680 0.580
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Table 4. Slope
Slope( °) 0-25 25-50 over 50
Area(km’) 50.05 85.92 28.48
Ratio(%) 30.4 52.2 17.3

FRST: 4Hg4-4], AGRL:
90% o1& ZpAIShH=

=, AGRR: @) &E F 4847}
A& BRISIIT) Table 4= F-SHT73A
Sk

=)
ARE 4

ate 358kl UerfiSic
4. 2t A 0

4.1 Mlmo| 7|zt

SWAT R23e] MRl 47|t G|
AP ro)7Rto] fEol| nAe FEks RISt
2003 ~ 2009 3E o g shar, HPre7ike 0
3y, 8de] 57ERR FHAdEte] BeJaldtt. Figure 3olx= 5714
AP RLe)7|7ke] A5 gl Ko| fEege] tigh 2hEwe] A8t
Adegrie]7|gke] Aol whE fETRS tha xjo7} Qlof Adeyrie]
o tigh dade glov), F fEHol & ITF= VAR Ltk
ol-# AgPre)7|7ke] 21d ool Aol F FETe] HEo|
g 2hs ERI8HIT) Table Sollx{e} o] Z+ A3 nLo) 7|7t
w2 RMSE, Bt exie} Zapgdite] 2jol& tha glovt &
W= gltk o= SWAT E3o] 7] fERF o2 Aol
oJgh 29 thgh f-ode] ko] RIFteRA] RSt 7]Q1e Blo=
hekdc) wEpr] ARyl wil §55F AFdo] I TS
W|X|R] Bhrfal gheksle] Aegre)e] e gl Zlo g wich
ek

EERR

yad

o] Baslry

42 EY=O| 54 M

EoEe) Eta AN A 107e] Fo2 P
¥ ool ALgE B4AI] ool B Alws) 24
we} Hoh 67) 5] AHgo] TPsstek B 9 elEe
5% oPgow Biste] B 9] g si5 w2003
- 20098 §EmolE Flagele] we) gt ke ulal B4
Sieieh EEe] Aol uhe FAAS)SH SAAEANC)
ks B g UeREE of] 38 48F Ravt
SITk =R 5 Agol mhe =) Fo HolwA Eoge
Fse R FEY AT 9 ATE So) Tkl AL A%
o Yl o] Riaske S HIskoLt 2 viske gl
W] we 97k e A BT A5 e Sl 20e
Rt} Figure 4= 20033 ~2009139] B A=g3 1o

=

=~

=0
[S=1

B

oot

Comparsion of Runoff

na

Observed (m'/s)

350

simulated (m?/s)

Fig. 3. Scattering between Simulated and Observed Runoffs with
the Simulation of various Antecedent Periods

Table 5. Statistical Values with the Simulation of various Ante-
cedent Periods

o Antecedent Simulation Period(year)
Classification Rem.

0 1 2 3 8

RMSE(m3/s) 13.67 | 13.66 | 13.70 | 13.70 | 13.62

Averagedrelative | -\ 5|y 33 1 135 | 135 | 135

error(%)
Residual mean (m'/s) | 4.15 | 4.15 | 4.16 | 4.16 | 4.14
Total runoﬁ"(mg/s) 15,558 (15,505115,621|15,62115,621

Comparsion of Runoff

|ome
= one o
., = . %,
: = . —
3 =
: = . ‘,
H = ° me e 3layer
2 o He ) e W 2layer
% [
I —
i amapr, % e

L] e
- 4"
o PR §

Simulation results (m?/s)

Fig. 4. Scattering between Simulated and Observed Runoffs with
the Number of Soil Layers

Table 6. Statistical Values with the Number of Soil Layers

. Number of Soil Layers(layer)
Classification Rem.
1 2 3 4 lover5
RMSE (m3/s) 14.44 | 13.88 | 13.76 | 13.72 | 13.70
Averagedrelative | oo |y 59 | 143 | 137 | 135
error (%)
Residual mean (n'fs) | 449 | 429 | 421 | 4.17 | 4.16
Total runoff(m’/s) |15,911[15,667(15,613|15,596|15,621
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in
<

2 Hlwdk AHECo|t) Table 6& B9 498 2843}
AZfek} wolakol| thsk RMSE, Aol Jx9g, & 29
FEHoIth BEYSTY Aelae A-REe d3 Asu
59 gke] Ao7h A ke webx ofy] EYSST ARSl| whe
FrEwe] wishe vk Qlovt 11 o] 4] Hgt slo = dkErt
SWAT =3o] ExP} we ¢J8] zl3e] ARg) W Byo] glon
2 EYTY] AL T8 thh SAste 2] & Wbt
S Ao g vk

4.3 Of7HHs DIz 2 X5}
FE njt} 229} Hujzke] Aojwo]

SWAT® &) 7§17} w7
2k Ayl ofah s wizke BAAT) o) Hee
¥ Wo) mlARs A ESES 2571]8] FHEAK CANMEY, CNs,
ESCO, GW _REVAP, SOL ALB, SOL AWC, SOL K, EPCO,
GWOMN, SLOPE, SLSUBBSN®] 117 213}93t}. Figure
solde} o] s WAd) whe f5e) HlE, whlE 7)E
2ol TiEr 27+ F2 wals} ik GISel 2Jsl 2] 7k

% SLOPES} SLSUBBSNS w7 24510 Alojaiaich. ok

2

317] $1381e] 2003-2007'd2] ZF-FEAIRE o]83te] A nl
HEE AP3ISIT) Table 82 77F4] w7 chigh o)<}
Zt wiiare] Hl, H4ao] w9je}t o wE SWAT-CUPS)
SUFI-29]| <Jgt 2] w7 ghelok. SWAT-CUP =3e] 34
WS 2R o - S8R EE Importdke] SUFI-2Z 2 18]0] 4

——Canmx

—m-Cn2

= al N ——Epco
\\
N\ o

——Gw_Revap

~e-Gwamn

Slope

Slsubbsn
Sol_Alb
AN Sol_Awc

N Sol_K

1500

Change of stream flow (m?/5)

-2000

2500 . . .
-60% 0% “20% 0% 20% 0% 0% 0%

Change of parameter (%)

Fig. 5. Sensitivity Analysis for Parameters

Table 7. Sensitivity Analysis of Parameters by SUFI-2 of SWAT-CUP

2] f§20 2 S VAU FE] wiskEe] U A3, HaF . Sensitivity Analysis
o) WiEEo] 2 EPCOS} GWOMNE ASIR) 2k 171 niphl Suobasin test | P |
o ik FHzke FYsAITh v_GW REVAP 121 0.35
Table 7& SWAT-CUPS] SUFI-2 &ug|&e o]g3t vizte v_CANMX 225 0.15
Aol Zh wiape] ARl Wizt ghe vheRdit: Auizk v_ESCO 136 031
o] F55 AR Hhell g NIt =& AE t—test9} r_CN2 0.36 0.76
Arjgro] Ae5E WAETL B P-value Fhe Z17F 225, rSOL ALB 0.62 0.60
0.15% CANMAX®] 714 W17k LreRdch r SOL AWC 0.80 0.51
SWAT-CUPS] SUFI-2¢]] 9J3k vt 2-ge) 2848 i LSOk 04l 07
Table 8. Optimal Parameters by SUFI-2 of SWAT-CUP
Input File Parameters Definition SUFL -2 Simulation
Lower Boundary | Upper Boundary | Fitted Value
GW v_GW REVAP Revap. coefficient 0.02 0.20 0.03
HRU v_CANMX Maximum canopy storage (mm H>O) 0.00 10.00 8.50
MGT1 v_ESCO Soil evaporation compensation factor 0.00 1.00 0.81
r_ CN> Initial SCS runoff curve number 35.00 98.00 69.65
SOL r SOL ALB Moist soil albedo 0.00 0.25 0.21
r SOL AWC | Available water capacity of soil layer (mm H,O/mm soil) 0.00 1.00 0.45
r SOL K Saturated hydraulic conductivity (mm/hr) 0.00 100.00 55.00
Table 9. Evaluations for SUFI-2 of SWAT-CUP
Objective Function Evaluation Uncertainty Evaluation
Subbasin >
R NS P— factor R— factor
Seom-river 0.98 0.92 0.85 0.06
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Fig. 6. Rainfall-Runoff Simulations using the Estimated Parameters by SUFI-2 and Default Parameters in SWAT (2008 ~2009)

Table 11. Verification for the Estimated Parameters (2008 ~2009)

RMSE ('/s)
Subbasin Simulation with Simulation with Estimated
Default Parameters Parameters by SUFI-2
Seom-river 1.02 0.96

n7 o] kg HEATE S ARSI Table 77} 82
Ztzt w7 okl £21 ‘v’ Replaced by value ¥ o],
‘r’2 Multiply by value(%) WHolth

Table 9= SWAT-CUP2] SUFI-2¢] ¢J&t HZuylss 28
ot FER A mpiHe] S YERL 1o 7S
A3er} PEE A3 NS(Nash-Sutcliffe)= 0.920]3(Daren
and Smith, 2007), 2415 R T3 0.982 =7 JeRdth =
3, o] BIIws vER)E 95PPU M=: HlwE] 127
vk T, A5 P— factore 19 7RSS AlEAo] om,
R— factori= 09 775 B3 w) oishes AR 27}
0.85, 0.06°.2 R3] 2=dS veRth 3438 Vel
95PPU Wi=r} #2402 w2 JeR e LA 414
Q1 A3} Fho] wiEsic) sl F=qd A3t 4= ¢l Aloltk we}
A P—factor?] Fro] ZHA R— factorzko] 2o 95PPU
Me=ry neA B2 wf B3 gletel] 71 golsitt

Figure 6+ 2003~2007'd 2742185 Ak50] <3k SWAT-
CUPo|| SUFI-2¢] HAwl7i< 3ke AMESF 2008-200912] 7-5-
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