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Abstract

The SWAT (Soil and Water Assessment Tool) should be calibrated and validated with observed data to secure accuracy of
model prediction. Recently, the SWAT-CUP (Calibration and Uncertainty Program for SWAT) software, which can calibrate
SWAT using various algorithms, were developed to help SWAT users calibrate model efficiently. In this study, three
algorithms (GLUE: Generalized Likelihood Uncertainty Estimation, PARASOL: Parameter solution, SUFI-2: Sequential
Uncertainty Fitting ver. 2) in the SWAT-CUP were applied for the Soyang-gang dam watershed to evaluate these algorithms.
Simulated total streamflow and 0~75% percentile streamflow were compared with observed data, respectively. The NSE
(Nash-Sutcliffe Efficiency) and R” (Coefficient of Determination) values were the same from three algorithms but the P-factor
for confidence of calibration ranged from 0.27 to 0.81 . the PARASOL shows the lowest p-factor (0.27), SUFI-2 gives the
greatest P-factor (0.81) among these three algorithms. Based on calibration results, the SUFI-2 was found to be suitable for
calibration in Soyang-gang dam watershed. Although the NSE and R® values were satisfactory for total streamflow estimation,
the SWAT simulated values for low flow regime were not satisfactory (negative NSE values) in this study. This is because of
limitations in semi-distributed SWAT modeling structure, which cannot simulated effects of spatial locations of HRUs
(Hydrologic Response Unit) within subwatersheds in SWAT. To solve this problem, a module capable of simulating
groundwater/baseflow should be developed and added to the SWAT system. With this enhancement in SWAT/SWAT-CUP,
the SWAT estimated streamflow values could be used in determining standard flow rate in TMDLs (Total Maximum Daily
Load) application at a watershed.

keywords : Auto-calibration, GLUE, PARASOL, SUFI-2, SWAT-CUP

1. M 2 Pandey et al., 2008; Ryu et al., 2011).

ISSN 1229-4144

AT I A9 3o 9 vALEY AR 72 2
dol 475 FP=o] o3 glon ol AA AehA
Ede 293 A% 4 9 AFL ST kA
A& 279, 2011; °1&g F, 2011). °]2F EAE &
ast7] 93 o2 87 gA 2 74y A4y §H 32
Mg A 9L =0 AP 21“1 B 4+
€] ol 98 AFEHEFS 5& 8 2 £2 EMe
FYsta Aokt e SE, 2011; %%’-ﬂ 5, 2011;

"To whom correspondence should be addressed.
kjlim@kangwon.ac.kr

ojg 22 FE % +2 Mg 93k SWAT (Soil and
Water Assesment Tool; Amnold, 1992; Arnold et al., 1998),
HSPF (Hydrological Simulation Program-Fortran; Bicknell
et al, 2001), WEPP (Water erosion Prediction project;
Flanagan and Livingston, 1995), SWMM (Storm Water
Management Model; Huber and Dickinson, 1988)5 t}kst
2ol NEH ALEEHIL YN I F SWATS A AAH
22 g8 AHgH: f999] £F 28 F shvolt. 1)
T 78 sAATLAA g 9474 F23¥ 2¥EQ
SWATZ #9 ©9 232z 7|3 AA gId £57
9 Eg3} EXol§ 121 Belyee) dsl BE a1
B #49 %23 24Y 4 59 S92 dge

Journal of Korean Society on Water Environment, Vol. 28, No. 3, 2012



348 FAY - YL - A - BSS - IS - as - AZA

28 4 ArHAmold et al., 1998).

a8y SWATH 22 f9a9 883 FY0
g g vAHTES ol85ld £ 2 2 d
7] dj o olgF wARFEE FYo HHG st FE
9 F2& B #Fo] ¥iEA] 25, e SWAT
g AFNN 29 FAFHE Fusly] st wAEF
2 o]g% HrF BHFo] FA=I Uk SWAT ZF
Auto-calibration &8¢ 2712 <118 Z(PARASOL, SUN-
GLASS)°] W&so] gloy, & EF B3P @go] A8
gt g2 dugEFe §83A R ATHE 72
slth. A2 SWAT auto-calibration®] #AE FE357] A%
g A7 APHIT cHKang et al, 2011). °2 T
SAAL 28] Y959 20073 SWAT-CUP ZZ10]
Eawag @-7-40A 7§d=] 9tk Abbaspour, 2007). SWAT-CUP
x2S SUFI-2, PARASOL, MCMC, PSO, GLUEZ=
% 57449 ¢nelEE o] 835l9 SWATS EAshH= Window
e 98 z2agos SWATIAA A £se o
I3 dnEES 13 T F UES SWAT A5 23
ES Bz Fan AHgA9 HYE HF 2Fo] I
window & QE#H 0|22 FA5 o] i} AT SWAT-CUP
2398 | }AE g ¢ndEFEL o8 FUFY
3 o] G@AF7E 2 FYol sl SWAT-CUP &9
B Hrte ofF n e 4Foth

nety 2 a3 532 vt 2979 #9e
SWAT 289 a5 B3 59 SWAT-CUP ZEIY9 Al
742 gie]E&g o83l SWAT 289 #3FE A5 Z
2383, 88 AR 298 gristed Utk

ih
rle

e
ok 2

4

2. AT

2.1. SWAT-CUPS| 742

SWAT-CUPZ SWATEE Y A5 BPE& BEd7] ¢
2g W AFH ZT2IYPOZF Eawag AT20A 7
=] 31T Abbaspour, 2007; Fig. 1).

/,”FF-_H“—\
New SWAT SWAT_Editexe .

SWAT 2005 or 2009

SWAT Outputs

SWAT _Extract.exe

Fig. 1. Overview of SWAT-CUP (Abbaspour, 2007).
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Table 1. Parameters used in the SWAT-CUP auto-calibration routine

Parameter Description Vasiating Lowet. | Mpper
method bound | bound
GW_REVAP | Groundwater “revap” coefficient Add to value -0.036 | 0.036
GW _DELAY | Groundwater delay Add to value -10 10
CH N2 Mannings' “n" value for the main channel Replace by value ] |
CH_K2 Effective hydraulic conductivity in main channel alluvium Replace by value 0 150
SOL_AWC | Available water capacity of the soil layer Multiply by value (%) -25 25
SOL K Saturated hydraulic conductivity(mm/hr) Multiply by value (%) -25 25
SOL_BD Moist bulk density Multiply by value (%) -25 25
SFTMP Snowfall temperature (°C) Replaced by value -5 5
SLSOIL Slope length for lateral subsurface flow Replaced by value 0 6
ALPHA_BNK | Baseflow alpha factor for bank storage Replaced by value 0 1
ESCO Soil evaporation compensation factor Replaced by value 0 |
EPCO Plant evaporation compensation factor Replaced by value 0 |
GWQMN | Threshold depth of water in the shallow aquifer required for return flow to occur Add to value -1000 1000
REVAPMN | Threshold depth of water in the shallow aquifer for “revap™ to occur (mm) | Add to value -100 100
SLSUBBSN | Average slope length Multiply by value (%) -25 25
SMFMX Maximum melt rate for snow (mm/°C/day) Replaced by value ] 10
SMFMN Minimum melt rate for snow (mm/°C/day) Replaced by value 0 10
SMTMP Snow melt base temperature (°C) Replaced by value -5 5
SOL_Z Soil depth (%) Multiply by value -25 25
SURLAG | Surface runoff lag time Replaced by value 0 10
TIMP Snow pack temperature lag factor Replaced by value 0 |
CN2 SCS runoff curve number for moisture condition I Multiply by value -25 25
Table 2. List of calibrated parameters using three algorithms P-factor A|4*+= Fig. 6914 2ol vl9} o] NSE 2 R’}
in SWAT-CUP t 24 SUFI-2 0.81, PARASOL 0273 GLUE 0.782
e Algorithm GLUE |PARASOL| SUFI-2 %% a0l & E‘El-g-rq SWAT-CUP %F_E’Jﬁ % SUFI-27}
Goal function Nash-Sutcliffe R 3 NSE A2t A meR A 3 46
GW_REVAP 004 | 003 | 0.00 A= gel 7H 28 A2 vEbie
GW_DELAY 1000 | 1000 | -442 £ 479 dads @ 99 #¥0] 23d 29739
CH_N2 0.24 0.19 0.84 99 iAdEFES ol &5t 2005E 19 19FEH 2006
CH K2 0.00 1129 | 133.16 d 129 319744 @B S AAS 2H, 20058 R*AFE
ALPHA_BNK 048 | 054 | 048 77t 0.85(SUFI-2), 0.85(PARASOL), 0.82(GLUE), NSEZ]
SOLAWE 08 ) 037 1 4& 0.78(SUFI-2), 0.79(PARASOL), 0.76(GLUE)Y}EFGES.
b oo [ an e D, 2006MeAE 37 @uelE BF RASTH 092
SFTMP 066 | 491 182 NSEA 4+ 0912 vebgchFig. 8). @t ZA" 2005,
ESCO 0.00 0.48 021 200619 297dEe 98 §F A= 99 BEE 2004
EPCO 1.00 0.77 | 036 d 2972d d¥ /% 2R nAviAE R* 9 NSEZL
GWQMN 1000.00 | 403.50 | 479.79 070144 el AoR Hol SWATo| 4A%zd &9
KEVARMN S| e (Bl o AA #FS ¥lEA 2 Ros= Ao RS
SLSUBBSN 0.90 0.12 0.68
ik ol 32 2 Y2BE MR HE 2HHY
SMFMN 5.49 9.75 2.36 S ARF 25%E AT AFF FEol dF SWAT-
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L T st AFAE vlmF 2 Zo|y SUFI2E R’ 0.53, NSE
NSE for stream flow calibration 0.80 0.80 0.80 o= - o " i}
R’ for stream flow calibration 0.80 0.80 0.80 0.99, PARASOLZ 0.57, -0.56°]™ GLUE& R’ 0.69, NSE-
P-factor for stream flow calibration | 0.78 0.27 0.81 1.392 vepstoh £ Fig. 10} Fig. 112 20054, 20063
Number of the best simulation 1694 1503 1506 29749 §99 &Ze AAFT AFY F A9 a8 25%
Calibration period 2004. 1.1~ 2004. 12. 31 2 A AFT By gs] 4= dojEg ==y
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