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Abstract In this study, the changes of the streamflow characteristics of the watershed were analysed depending on
the infiltration methods of CAT. The study area, Boryeong-dam watershed located in Chungcheongnam-do area, has
been suffered from severe drought in recent years and stabilized regarding on the storage rate through efforts such
as constructing a channel connecting the upstream of Boryeong-dam from the downstream of the Geum river. In this
study, the effects of soil infiltration parameters on the watershed streamflow characteristics were analyzed by the
infiltration methods of CAT such as Rainfall Excess, Green&Ampt and Horton. And the parameter calibrations were
conducted by SCEUA-P, a global optimization technique module of the PEST, the package for parameter optimization
and uncertainty analysis, to compare the yearly variations of soil parameters for infiltration methods of CAT. In
addition, the streamflow characteristics were analyzed for three infiltration methods by applying three different
scenarios, such as applying calibrated parameters for every years to simulate the model for each years, applying
calibrated parameters for the entire period to simulate the model for entire period, and applying the average value
of yearly calibrated parameters to simulate the model for entire period.
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Fig. 1. Boryeong-dam watershed
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Fig. 2. CAT system configuration by infiltration methods
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Table 1. Selected sensitive parameters for each infiltration
methods

Rainfall Excess method

Parameters

Os

Saturated soil moisture

for

ks (mm/s)

Saturated vertical hydraulic conductivity

calibration

ksi (mm/s)

Saturated horizontal hydraulic conductivity

Green&Ampt method

Parameters

Os

Suturated soil moisture

for

ks (mm/s)

Saturated hydraulic conductivity

calibration

PSI (mm)

Wetting front soil suction head

Horton method

Parameters

fo (mm/hr)

Maximum infiltration rate

for
calibration

fc (mm/hr)

Minimum infiltration rate

IRTARSESES

Rt

Rainfall Excess,

Green&Ampt, Horton & Al 7H4] HE|AWHE AHS

3]
39T} Rainfall Excess 3 Fal4HH o] 7 $o= o
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FHste] el Tk AoR Addn w3t
Green&Ampt 7314 e] Aol EYFe] &4
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Fig. 3. Water balance of Boryeong-dam watershed

20009~2017\d 77t B0t A3y He 243}
7] Aol HFsAuhRE CAT 2o A3= Table 3, 4,

59} 2}, Rainfall Excess '
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Table 2. Scenarios depending on the period of calibration HE Fo7} 9rt
and verification
Scenarios Calibration Verification Table 3. Results of Rainfall Excess infiltration method
SIM_(1) Each years Each years before calibration
Beft librati f R.E.
SIM_(2) Entire period Entire period cfore calibration o S
NSE RMSE R’
SIM_(3) Average of each years Entire period 2000 0.929 0.439 0.931
2001 0.879 0.191 0.942
2002 0.827 0.334 0.854
2003 0.836 0.282 0.870
4, a2 2M 2004 0.831 0.384 0.839
2005 0.892 0.263 0.895
20001 = H 20171/:]7]]—X],] gg%] 101_9;]'9] 701__?_%]:3]_ 2006 0.881 0.213 0.891
2007 0.664 0.330 0.701
=S A8 E o] & 2227] RS 285l A
FE ARF olgetel EFA w4 AT At 2008 0.834 0.180 0.847
Fig. 33} #o] 20019 552 35.85%, 20082 2009 0.495 0.334 0.633
39.82%, 18] 201592 36.01%% T} dkool H]3| 2010 0.462 0.557 0.633
UHT ‘5}'8 %%g_o_ L]—E]—LH‘_ ;\ §_' ]6]_ P 0104‘:]_ /g 2011 0.843 0.598 0.850
2012 0.768 0.291 0.895
A= 20014, 20083 2 2015 ¢ oo
ﬂ 00 » 2008 015% ] —rﬂ‘/]'a]' B ] 2013 0.596 0.213 0911
A2 2 7hHEol dAskslom4] & e Y 2014 0315 0.191 0.666
REd 9% 7o) 3ks ot A8 sheldk 4 2015 0.293 0.125 0.717
2016 0.841 0.149 0915
AT
2017 0.328 0.174 0.770
Average 0.695 0.291 0.820
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Table 4. Results of Green&Ampt infiltration method
before calibration

Before calibration of G.A.
NSE RMSE 1§
2000 0.846 0.648 0.863
2001 0.831 0.226 0.968
2002 0.824 0.337 0.853
2003 0.791 0.318 0.815
2004 0.804 0.412 0.825
2005 0.826 0.334 0.852
2006 0.892 0.203 0.903
2007 0.561 0.377 0.639
2008 0.863 0.163 0.878
2009 0.405 0.362 0.615
2010 0.046 0.742 0.475
2011 0.836 0.611 0.849
2012 0.534 0.412 0.828
2013 0.522 0.231 0.786
2014 0.678 0.131 0.832
2015 0.311 0.123 0.716
2016 0.444 0.279 0.829
2017 0.329 0.174 0.767
Average 0.630 0.338 0.794

Table 5. Results of Horton infiltration method before

calibration
Before calibration of Ho.
NSE RMSE R’
2000 0.929 0.929 0.931
2001 0.885 0.186 0.945
2002 0.833 0.329 0.858
2003 0.833 0.284 0.872
2004 0.833 0.382 0.842
2005 0.892 0.262 0.897
2006 0.883 0.211 0.894
2007 0.674 0.325 0.712
2008 0.842 0.176 0.851
2009 0.502 0.332 0.635
2010 0.462 0.557 0.635
2011 0.844 0.595 0.851
2012 0.770 0.290 0.896
2013 0.591 0.214 0.909
2014 0.324 0.189 0.658
2015 0.276 0.127 0.704
2016 0.838 0.151 0.912
2017 0.331 0.174 0.767
Average 0.697 0.317 0.821

416

Table 6, 7, 82 AHAAE/|HE o83l 7} A=
W2 A5 T QA mo)zie s vid dgd
SIM_(1)¢] Z3E AFaauds Aee Aolrh
NSE¢} R? 3t H]ars) 2 Rainfall Excess W] 4
< NSESt R® #e Hiol Z+ 0877, 0.901,
Green&Ampt 3 9] NSE¢} R #te] sqo] zt
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Table 6. Results of Rainfall Excess infiltration method
after calibration

After calibration of R.E.
NSE RMSE 1§
2000 0.950 0.195 0.957
2001 0.974 0.047 0.975
2002 0.880 0.147 0.927
2003 0.853 0.141 0.901
2004 0.883 0.168 0.889
2005 0.929 0.112 0.933
2006 0.930 0.086 0.948
2007 0.877 0.105 0.879
2008 0.915 0.068 0915
2009 0.882 0.085 0.883
2010 0.881 0.139 0.885
2011 0.941 0.193 0.947
2012 0.928 0.085 0.939
2013 0.857 0.067 0.900
2014 0.831 0.050 0.852
2015 0.523 0.054 0.642
2016 0.930 0.052 0.938
2017 0.828 0.047 0914
Average 0.877 0.102 0.901
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Table 7. Results of Green&Ampt infiltration method

after calibration

SIM_(1)¢] MFsiAsd x5 4e]slH Table 9.
(@)9F 2o Table 9. (b), (c)2+ Z°] SIM_(2), SIM_(3)

After calibration of G.A. 9 Aye} vlwstgey 2 A A 7|7k Ulal) A A3 s
2
2000 (I)\.I:Z Ij)h;(?: 0.1352 AIE AA 1))kl vis) HA T SIM_(2)°] NSEZF
2001 0976 0,045 YT 0.868% Al 7HA AU e T 7HE w2 AEEE vE
2002 0.895 0.137 0.909 womr, SIM (1) NSE”} 0.851, SIM_(3)2 NSE”}
2003 0.861 0.137 0.887 0.808 % SIM (2) SIM(]) SIM (3)/] T/ﬁg =0 24§J—
oo | ot | aew = HHERIE A& Slsialrk RMSES) 24 SIM_Q)
2006 0.903 0.102 0.909 + 0.035, SIM_(3)+= 0.078, SIM_(1)< 0.0019] A=
2007 0.879 0.104 0.880 e o a2 etk wmE RS A4S SIM (1)e]
2008 0864 0.086 0876 0.888,, SIM_(2):= 0.871, SIM_(3) 0.826% e}
zg(l)z 2222 g(l)j; gz; SIM(1), SIM(2), SIM(3)¢] &A% =& ASrS e
2011 0.891 0.263 0.892 W
2012 0.864 0.117 0915
2013 0.799 0.07% 0.886 Table 9. Results of scenarios depending on the period of
2014 0.820 0.052 0.854 calibration and verification
2015 0.493 0.056 0.645 (a) SIM_(1) (b) SIM_(2) (c) SIM_(3)
2016 0.887 0.066 0.923
2017 0.782 0.052 0915 @
Average 0.856 0.112 0.890 SIM_(1)
NSE RMSE R®
RE 0.877 0.102 0.901
Table 8. Results of Horton infiltration method after GA 0.856 0.112 0.890
calibration HO 0.820 0.121 0.873
After calibration of Ho. Average 81 0112 0888
NSE RMSE R (b)
2000 0.943 0.208 0.945 SO
2001 0.971 0.050 0.975 re— RVEE %
2002 0.897 0.136 0.913 RE 0.868 0.035 0870
2003 0.833 0.150 0.907 GA 0.868 0.035 0.871
2004 0.882 0.169 0.887 HO 0.869 0.034 0872
2005 0.932 0.110 0.936 Average 0.868 0.035 0.871
2006 0.875 0.115 0.896 ©
2007 0.801 0.134 0.805
2008 0.922 0.065 0.925 SIM_(3)
2009 0.664 0.144 0.723 NSE RMSE R’
2010 0.829 0.166 0.858 RE 0.736 0.093 0.779
2011 0.882 0274 0.885 GA 0.845 0.071 0847
012 0876 o1 0930 HO 0.844 0.071 0.851
05 o7 0,088 0900 Average 0.808 0.078 0.826
2014 0.732 0.063 0.787
2015 0338 0063 0604 A7 S An Aveled vk el
2016 0.8% 0.066 0927 e MG ol ga AFHPIN A fE54 WS
2017 0.717 0.060 0.910 A Mo o)s) ] B oA 7t T8 A
Average 0.820 0.121 0.873 = A = O =T o™
3 7RG 2SN A= GEE IS doti
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Fig. 4. CAT simulation for 2000-2004 of SIM_(1)
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Fig. 5. CAT simulation for 2005-2009 of SIM (1)
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Fig. 6. CAT simulation for 2010-2014 of SIM (1)
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Fig. 7. CAT simulation for 2015-2017 of SIM_(1)
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