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Auto-calibration for the SWAT Model Hydrological Parameters
Using Multi-ebjective Optimization Method
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ABSTRACT

The objective of this paper was to evaluate the auto-calibration with multi-objective optimization method to calibrate the
parameters of the Soil and Water Assessment Tool (SWAT) model. The model was calibrated and validated by using nine years
{1996-2004) of measured data for the 384-ha Baran reservoir subwatershed located in central Korea. Muiti-objective optimization
was performed for sixteen parameters related to runoff. The parameters were modified by the replacement or addition of an
absolute change. The root mean square error (RMSE), relative mean absolute error (RMAE), Nash-Sutcliffe efficiency index (EI),
determination coefficient (R) were used to evaluate the results of calibration and validation. The statistics of RMSE, RMAE, EI,
and R were 4.66 mm/day, 0.53 mm/day 0.86, and 0.89 for the calibration period and 3.98 mmv/day, 0.51 mm/day, 0.83, and 0.84
for the validation period respectively. The statistical parameters indicated that the model provided a reasonable estimation of the
runoff at the study watershed. This result was illustrated with a multi-objective optimization for the flow at an observation site

within the Baran reservoir watershed.
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Fig, 1 Monitoring networks of Baran study watershed
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Table 1 Stage—-discharge relationships for the HP#6 subwa—
tershed gauging station

Period Rating Curve R
1996~ 1998 Q= 12.475xp*% 0.898
1999~ 2000 Q= 13.366%0*" 0.979
2001 ~ 2002 Q=19.867x0"® 0.972 L
2003~ 2004 Q= 10.834xp** 0.983
Table 2 Ration of runoff to rainfall at the HP#6 subwa-— ] %
tershed »
Year |Observed span (day)| Rainfall (mm) | Runoff (mm) | Runoff ratio
1996 274 780 345 044
1997 348 1204 788 0.65
1998 273 955 564 059
1999 299 1254 846 056
2000 151 1237 784 062
2001 160 866 475 0.55
2002 208 1191 657 055
2003 238 1117 677 0.61 JE—
2004 312 1195 820 071 Fig. 3 Soil map of the study site

Table 3 Parameters and parameter ranges used in auto—calibration

Parameter Description Min Max Units
Parameters governing surface water response
CN2 Initial SCS runoff curve number for moisture condition IT 30 100 none
ESCO Soil evaporation compensation factor 0 1 none
SOL_AWC Available soil water capacity of soil layer 0 1 mim/mm
Parameters governing subsurface water response
GW_REVAP Groundwater “revap” coefficient 0.02 0.2 none
REVAPMIN Threshold depth of water in the shallow aquifer for “revap” to occur 0 500 mm
GWQMN Threshold depth of water in the shallow aquifer required for return flow to occur 0 5000 mm
GW_DELAY Groundwater delay time 0 50 days
ALPHA_BF Baseflow alpha factor or recession constant 0 1 days
RCHRG_DP Deep aquifer percolation fraction 0 1 none
Parameters governing basin reponse
SURLAG Surface runoff lag coefficient 0 24 none
CH_K2 Effective hydraulic conductivity in main channel alluvium 0.025 150 mmthr
TIMP Snow pack temperature lag factor 0.01 1 none
SFTMP Snowfall temperature -5 5 T
SMTMP Snow melt base temperature -5 5 [
SMFMX Melt factor for snow on June 21 0 10 mny/ °C/day
SMFMN Melt factor for snow on December 21 0 10 my/ C/day
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Table 4 Parameters calibrated with the observed runoff
data from 1997 to 2000

Parameter Calibrated value Parameter Calibrated value
ALPHA_BF 002 REVAPMIN 329.14
CHK2 147.9 SFTMP 39205
N2 v4 SMEMN 44438
ESCO 1 SMPMX 7.2387
GW_DELAY 21415 SMTMP 3.2098
GW_REVAP 0053 SOL_AWC 70,10
GWQMN 49,955 SURLAG | 1
RCHRG_DP 00094 | TMP | 0873
0.0~1.0 ¥ 2re 7HH, 109 7phgss 2ejR7F A

2709 AFS F it 28y, ARAsE 9] FEY
QA Brkshe ACEA 249 ARE YFUYAE BY
ot whehs, eaje] AeE vehy] 9fsf RMAESF RMSE &
& AH5l9, RMAEE RMSE] vlsle] e2pe] 2715 o &
2702 Ueifis A9 A®= ARGETE RMSESH RMAR
L ohe Almp Zo) Akt (Kang and Park, 2003 Kang

et al., 2006).
RMSE = =@, (1)) an
L3100 -l
el P
RMAFE = 7 (12
7|, Q= AFE, Q= RYF), n& AR ol
Eau &G W) YAl ARS8 Nash-Sutcliffe F-&
A|4== Nash and Suteliffe (1970)o] <&} Aet=iglon ot
= éM o] Axksitt,
ElI= (8T—S8E)/ST (13
N
§T= (M~ (14)
t=1
N
SE=)3(Q,~ @) (15)
t=1

A\, M AR BE
STE 4279 27]

L= 429 BOIXY)

T, Q= ZoIXofr}, 4] (14)0A
BAb (initial variation)& YEH|®, SE
9% (index of disagreement)E L}
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Table 5 Observed and simulated runoff for calibration period at the HP#6 subwatershed

i Runoff (mm) Runoff ratio RMSE RMAE )
Year Rainfall (mm) - - FI R
Observed Simulated Observed Simulated (tnm/day)
1997 1204.0 787.9 798.7 0.65 0.66
1998 982.7 563.9 632.1 0.35 0.39
1999 1238.4 846.2 967.5 0.56 0.64 466 0.53 0.86 0.89
2000 1249.8 783.8 808.5 0.62 0.64
Total 3,425.1 2,198 2,398.3 0.64 0.69
Table 6 Observed and simulated runoff for verification period at the HP#6 subwatershed
f ff rati RMSE RMAE
Vear Rainfall (mm) Runof (mm)‘ Runoff ra 10. i R
Observed Simulated Observed Simulated (mm/day)
2002 1231.7 678.3 770.9 0.55 0.63
2003 1512, 787. . . .
512.8 87.2 653.0 0.52 043 2.08 051 083 0.8
2004 1217.0 393.4 729.6 0.73 0.60
Total 0 0 0 0.60 0.54
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Fig. 4 Comparison of observed and simulated runoff for calibration period at the HP#6 subwatershed
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Fig, 5 Comparison of observed and simulated runoff for verification period at the HP#6 subwatershed
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Fig. 6 Scatterplots comparing observed and simulated runoff
for calibration period at the HP#6 subwatershed
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Fig. 7 Scatterplots comparing observed and simulated runoff
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