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Comparing Prediction Uncertainty Analysis Techniques of SWAT Simulated
Streamflow Applied to Chungju Dam Watershed
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Abstract

To fulfill applicability of Soil and Water Assessment Tool (SWAT) model, it is important that this model
passes through a careful calibration and uncertainty analysis. In recent years, many researchers have come
up with various uncertainty analysis techniques for SWAT model. To determine the differences and similarities
of typical techniques, we applied three uncertainty analysis procedures to Chungju Dam watershed (6,581.1
km?) of South Korea included in SWAT-Calibration Uncertainty Program (SWAT-CUP): Sequential
Uncertainty Fltting algorithm ver.2 (SUFI2), Generalized Likelihood Uncertainty Estimation (GLUE), Parameter
Solution (ParaSol). As a result, there was no significant difference in the objective function values between
SUFI2 and GLUE algorithms. However, ParaSol algorithm shows the worst objective functions, and con-
siderable divergence was also showed in 95PPU bands with each other. The p— factor and r— factor appeared
from 0.02 to 0.79 and 0.03 to 0.52 differences in streamflow respectively. In general, the ParaSol algorithm
showed the lowest p— factor and r— factor, SUFI2 algorithm was the highest in the p— factor and r— factor.
Therefore, in the SWA'T model calibration and uncertainty analysis of the automatic methods, we suggest
the calibration methods considering p— factor and r— factor. The p— factor means the percentage of observa—
tions covered by 95PPU (95 Percent Prediction Uncertainty) band, and r— factor is the average thickness
of the 95PPU band.
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Fig. 1. The Flow Chart of This Study
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Table 1. GIS (Geographic Information System) Sets for SWAT

GIS Data Source Scale Data Description / Properties
Terrain NGIS™ 1/5000 | DEM

Soil KRDA"™ 1/25,0000 | Soil Classifications and Physical Properties
Land Use Landsat TM Satellite Image 30 m Land Use Classifications

™ : National Geographic Information System
) : Korea Rural Development Administration
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Table 2. Parameters Concerned with Streamflow (Neitsch et al., 2005)

Parameters |Input File Define LB™ | uB™
ALPHA_BF gW Baseflow recession constant 0 1
CH_K2 Tte Effective hydraulic conductivity in main channel -0.01 500
CH_N2 rte Manning’s “n” value for main channel -0.01 0.3
CN2 .mgt Moisture condition II SCS Curve Number 35 98
ESCO .bsn Soil evaporation compensation coefficient 0 1
GW_Delay W Delay time for aquifer recharge (days) 0 500
GW_Revap gW Revap coefficient 0.02 0.2
GWQMN SW Threshold water level in shallow aquifer for base flow (mm H-O) 0 5,000
REVAPMN gW Threshold water level in shallow aquifer for revap (mm HyO) 0 500
SFTMP bsn E;Iier?nasaigntoevr;}?fégig il;i ;;V(l}:légl precipitation is equally likely to be 5 5
SLSUBBSN hru Average Slope Length (m)
SMFMN .bsn Melt factor on December 21 (mm H20O/day-°C) 0 10
SMFMX bsn Melt factor on June 21 (mm H;O/day-°C) 0 10
SMTMP Jbsn Threshold temperature for snow melt (°C) -5 5
SNOCOVMX | .bsn Threshold depth of snow, above which there is 100% cover 0 500
Sol_AWC .sol Available water capacity 0 1
Sol_ K .sol Saturated hydraulic conductivity (mm/hr) 0 2,000
TIMP .bsn Snow temperature lag factor 0 1
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Table 3. Summary of Objective Functions, p— factor and r— factor for Discharge

R? NS p— factor r— factor
No.5 | No.7 | No15| No.5 | No.7 | No15| No.5 | No.7 | No.15| No.5 | No.7 | No.15
SUFI2 071 | 079 | 091 | 059 | 067 | 090 | 033 | 068 | 0.79 | 030 | 0.38 | 0.52
GLUE 080 | 079 | 093 | 0.72 | 067 | 090 | 026 | 056 | 044 | 030 | 035 | 0.37
ParaSol 081 | 079 | 092 | 072 | 067 | 090 | 002 | 0.14 | 0.07 | 0.03 | 0.03 | 0.05
Table 4. Best Value of Parameters
No. 5 No. 7 No. 15
SUFI2 | GLUE | ParaSol | SUFI2 | GLUE | ParaSol | SUFI2 | GLUE | ParaSol
ALPHA_BF (days) 2.2 2.3 2.9 25 2.7 2.4 2.8 2.3 2.9
CH_K2 (mm/hr) 28.8 64.0 69.3 66.8 55.7 57.0 61.3 64.0 69.3
CH_N2 0.02 0.01 0.04 0.01 0.02 0.01 0.01 0.02 0.04
CN2 69.8 69.7 69.5 42.8 43.2 42.6 62.0 62.1 61.9
ESCO 0.5 0.8 0.8 0.8 0.7 0.6 0.8 0.8 0.8
GW_DELAY (days) 9.8 8.3 11 5.7 12 8.7 9.8 8.3 11
REVAPMN (mm) 139 155 16.3 129 129 15.1 124 155 16.3
SFTMP (°C) 6.9 45 6.3 6.0 6.4 45 6.3 45 6.3
SMFMN (mm/day) 6.1 5.6 5.6 5.0 7.6 7.2 5.3 5.6 5.6
SMFMX (mm/day) 5.7 5.2 8.0 8.8 6.7 7.6 5.1 5.2 8.0
SMTMP (°C) 0.5 0.6 0.5 0.3 0.5 0.6 0.4 0.6 0.5
SNOCOVMX (mm) 374 575 30.5 66.4 33.7 54.7 55.4 57.5 30.5
SOL_AWC() (mm/mm)| 0.5 0.4 0.5 0.4 0.5 0.3 0.5 0.4 0.5
SOL_K(1) (mm/hr) 14.46 14.48 14.47 6.02 6.07 6.04 19.27 19.29 19.28
TIMP 0.9 1.8 0.2 1.3 0.9 0.7 0.3 1.8 0.2
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Table 5. Sensitivity (#-fest and p-value) of Parameters

SUFI2 GLUE ParaSol

No. 5 No. 7 No. 15 No. 5 No. 7 No. 15 No. 5 No. 7 No. 15

t[*]P[**]t‘P t‘P t‘P t‘Pt‘P t‘P t‘P t | P

ALPHA BF |-018 089 -159 011 022 086| 008 09 -0.07 094 112 047|-068 062 -0.02 098 280 022

CH_K2 -154 037 -0.02 099 574 0.11|-0.80 057 031 0.75 -0.07 096| 012 092 031 0.75 -238 0.25
CH_N2 010 094 -121.24 0.00 -6.25 0.10|-0.75 0.59 -21.10 0.00 -3.20 0.19| 040 0.76 36.30 0.00 23.65 0.03
CN2 0.02 098 -227 0.02 627 010 025 084 -414 0.00 122 044| 068 062 1399 000 -6.11 0.10
ESCO -0.25 084 -050 062 -061 065| 012 093 047 064 0.77 058|-1.33 041 -008 093 -411 0.15

GW_DELAY | 024 08 -1.29 020 063 064| 162 035 385 000 069 061]-083 056 -469 000 -222 027

GW_REVAP |-0.72 0.60 078 044 412 015|-071 061 -1.28 0.20 -1.20 0.44|-0.33 0.80 -156 0.12 -10.50 0.06

GWQMN -0.26 084 113 026 491 013] 053 069 098 033 -1.57 036] 020 0.87 -058 056 -1.36 0.40

REVAPMN 0.40 0.76 1.02 031 -304 020[-0.77 058 1.71 0.09 -017 0.89|-0.75 059 -1.89 006 191 0.31

SFTMP 044 074 -188 0.06 -3.07 020 076 059 0.03 097 092 053|-082 056 -1.74 008 447 014

SLSUBBSN [-0.29 082 -036 0.72 259 023(-007 095 077 044 106 048-012 092 -034 074 479 013

SMFMN -1.13 046 123 022 041 075|-1.24 043 -004 097 -084 056|-049 0.71 035 072 -651 0.10
SMFMX 0.87 0.55 1.89 0.06 -010 094|-096 051 096 034 -080 057|-1.11 047 029 077 361 017
SMTMP -051 070 -0.10 092 -381 0.16| 092 053 128 020 140 039] 009 095 063 053 255 0.24

SNOCOVMX | 013 092 -1.14 026 -450 0.14| 042 0.75 113 026 177 033|-1.03 049 264 0.01 209 028

SOL_AWC(1)| 0.11 093 -1.07 028 562 0.11|-036 0.78 156 0.12 -093 052|-051 0.70 -057 057 -4.13 0.15

SOL_K(1) -0.26 084 040 069 -311 0.20| 1.14 046 -1.35 018 0.77 058| 048 0.71 -1.17 024 -141 0.39

TIMP 042 0.75 060 055 153 037|-042 075 027 079 -116 045 020 087 -0.38 0.71 -2.60 0.23

U1 test provides a measure of sensitivity. Larger absolute values are more sensitive.
[++]

. p—value determines the significance of the sensitivity. A values close to zero has more significance.
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