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Abstract Catchment Hydrologic Cycle Assess Tool (CAT) is a model for hydrologic cycle assessment based on
physical parameters. In this study, CAT was applied for short-term runoff simulation and connected with
model-independent parameter estimation (PEST) for auto-calibrating parameters. The model performance was
compared with HEC-HMS, which is widely used for short-term runoff simulation. The study area is the Pangyo
Watershed (22.9 kif), which includes the Unjung-Cheon and Geumto-Cheon tributaries of the Tan-Cheon stream.
Simulation periods were selected from six rainfall events of a two-year period (2006-2007). For the runoff simulation,
CAT was applied using three types of infiltration methods (excess rainfall, Green and Ampt and Horton). Sensitivity
analysis was carried out to select the parameters and then CAT was optimized using PEST. The model performance
of HEC-HMS and CAT-PEST for the rainfall events were within an acceptable limit with Nash Sutcliffe efficiencies
(NSE) of 0.63-0.91 and 0.42-0.93, respectively. The simulation results of HEC-HMS have high accuracy in the case
of rainfall events that have a sensitive relationship between initial soil moisture conditions and runoff characteristics.
The results of CAT-PEST indicated the possibility of reflecting a real runoff system using various physical parameters.

Keywords : Catchment hydrologic cycle Assessment Tool (CAT), HEC-HMS, parameter optimization, PEST,
rainfall-runoff
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Fig. 1. Characteristics of study area ©
(a) Study area (b) Landuse map (c) Soil map
Table 1. Selected rainfall events

Event period Total(ml;y?)infall dischZ;)gtil (mm) P?g]ﬁd:;}}zr)ge P5 (mm) AMC
Event 1 Zgggggé‘l‘s.lfbggoN 712 138 167 420 AMC I
Event 2 2288%'71_?913:3‘38{ 263.0 2260 732 146.8 AMC Il
Bvent 3 | 2000127 020 256.7 2113 60.7 45.0 AMC I
Event 4 2(2)8(7);)3'51_?'7.13:5‘38{ 470 3.1 2.6 15.0 AMC |
Event 5 | 29070808 0740 = 60.0 39.0 54.0 58.6 AMC I
Event 6 2(2)3(7)%;‘1"5.1?23{ 1088 499 39.1 0.0 AMC |

* PS5: Antecedent 5-days rainfall, AMC

: Antecedent soil moisture condition
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Table 2. Input parameters for HEC-HMS
SUBBASIN 1 SUBBASIN 2 SUBBASIN 3 SUBBASIN 4 SUBBASIN 5
Area (km) 12 36 55 9.3 33
CN 56.2 64.7 77.0 68.9 70.2
Impervious (%) 1.6 03 8.9 4.7 23.6
T* (hr) 03 03 03 0.3 03

Storage Coeff. (hr) 0.3 0.3 0.3 0.3 0.3

* 72_] (Time of concentration)

2.2 HEC—HMS 2.3 CAT 2§

HEC-HMS® W] St gH o)A /pdd i3 CATOA 9 &9f w3g L T4 BFFoos
R A IS Bofdhs ROtk & Al FEslen, 74 3t dedE AR, S, Ass 5
AME SCSHHE B8l £4%s AHgstdy, HEE  F 59 EY7t 7Fssiti20]. H=F4-2 Muskingum
Clark 99 =S Fg3l o TEA7HS FAHAMGS W Muskingum-Cunge W, Kine-matic wave *% 0]
2025 A&5F4TH15,16]. HEC-HMS®] Ygeujziwg 9lom, & AoA= Muskingum 8-S #8319t
= Table 29F 2tk 7] A% Recession'§™S B3 2 Fig. 32> CATS| 9 &8 3 AJ&d Bojshdolt.
v, S0 3% Lagh e A8sded 33047
SATANT189) FASAARE ol g3fo] S9l-vh
ps
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Fig. 2. HEC-HMS system
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Table 3. Input parameters for CAT
Parameter Description Unit
Area Area ke me
Slope Slope -
Aratio_imp % of impervious area %
Surface Aratio_per % of pervious area %
Aper_vegetation % of vegetation area %
DepC_imp Depression storage of impervious area mm
DepC_per Depression storage of pervious area mm
theta_per Initial soil moisture -
Soil depth Soil depth m
s per Saturated soil moisture -
r_per Residual soil moisture -
FC_per Field capacity soil moisture -
W_per Wilting point soil moisture -

Soil Ks_per Os of soil(vertical) mm/s
Ksi_per Os of soil(lateral) mm/s
mualem mualem n -

PSI Wetting front soil suction head mm
k Decay coefficient hr !
f P Minimum infiltrate capacity mm/hr
fO Maximum infiltrate capacity mm/hr
EL.gw Initial Groundwater Elev. m
. EL.riv Initial river water Elev m
River - - - -
River bed thickness River bed thickness m
Krvbed Os of river bed mm/s
Ariv Area of river bed kme e
S Storage coefficient -
) Top Aquifer top Elev. m
Aquifer Bot Aquifer Bottom Elev. m
GW pump _rate GW pumping intake 3 /day
leakage rate GW pumping leakage -
oh BEBEFAFY W& el TAe] glol o]y webA A% 124719l PESTE ol 3 A%}
th Green&Ampt -2 EFe] B84 SAGS A & TSI PESTE wi/iHSsE B4 S04
ato] AFFS AAste W, B TeRs AE F A EEEAS H4d o faAks O
(theta_pe), DA FFAF(Ks per), BABEAF AW 5 ek £ vAS FHo] BelHow Bw
F(PSH7F AHEETH21]. 1) Helx 7hsstei10].

Horton "' A@AQ1 3215 AME-ste] Azt o PESTE 7537l  $l#lAl=  TPL(Template),
st shrR HAFEHS A B4 k), 271 INS(Instruction), PST(PEST control)3}¥¢] & @3}t
AFS(f,), F71 A% (f)°l AHEETH22] TPLZFY & g o] wj7jHszo] that ARt @7 spddo)
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Fig. 5. Comparison of the observation and simulation hydrographs using HEC-HMS (Maesong Br.)
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Table 4. Statistical assessments of HEC-HMS

HEC-HMS
Event no. 5 RMSE
i (m®/s) E
Event | 09315 20 0.750
Event 2 09051 73 0812
Event 3 0.9409 42 0928
Event 4 0.7394 04 0.785
Event $ 06996 9.1 0628
Event 6 09409 39 0910
3.2 CAT-PEST 2F &7] A5 0% F 870 ti(Table 3). W7/ 2715k
3.2.1 CAT 28 oj7itH4 = B2AM & AR WEAA HAFRE AT fE84
CATOIME 3714 2= & AeEn, = o HIFde AHEIh
A w2 2o B3 s Exe| W o Fig. 6014 E.= Hle} 7o) Rainfall excess Wi 2§
Z A%o] t} Bodpdae Al JAFEel el Bl 27 —’FE—% HEEo] -
HE wMerso gato 30 ~ 64 %% 7 Wkl ARl diaiA e 3
2 97 g AN w) N e WE el FARS O (BT a4
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Fig. 6. Results of parameter sensitivity analysis (Rainfall excess)
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Table 5. A range of rainfall-runoff parameters

Infiltration L
Parameters Estimation range
method
theta_per 0.045 ~ 0.460
Rainfall excess ks_per (7rL7rL/s) 1.00E-06 ~ 7.00E-02
ksi_per (mm/ s) | 1.O0E-05 ~ 7.00E-02
theta_per 0.045 ~ 0.460
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PSI (mm) 49.5 ~ 3163
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Horton
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Table 6. Optimized results using 3 types of infiltration methods

Event 1 Event 2 Event 3 Event 4 Event 5 Event 6
SUB.1 0.136 0.455 0.393 0.048 0378 0.048
SUB.2 0.247 0.459 0.202 0.062 0.362 0.063
theta_per SUB.3 0.306 0.446 0.374 0.045 0.456 0.045
SUB.4 0.213 0.372 0.447 0.053 0.448 0.449
SUB.S 0.460 0.402 0.419 0.050 0.450 0.449
SUB.1 9.39E-06 2.44E-06 1.92E-05 9.39E-06 3.90E-05 2.76E-06
SUB.2 5.10E-05 1.00E-06 5.00E-05 5.00E-05 5.00E-04 5.00E-05
Rainfall Ks_per SUB.3 1.50E-04 1.03E-06 1.45E-05 5.00E-05 7.00E-03 3.00E-04
e SUB.4 1.50E-04 1.00E-06 3.00E-06 1.60E-06 7.89E-03 1.00E-06
SUB.5 5.00E-05 2.62E-06 1.10E-06 5.00E-05 4.05E-03 3.20E-06
SUB.1 4.80E-03 1.23E-04 7.00E-03 1.61E-04 4.59E-04 8.03E-05
SUB.2 4.47E-04 1.68E-03 1.14E-03 5.00E-04 5.00E-04 5.00E-04
Ksi_per SUB.3 7.36E-04 7.00E-03 7.00E-03 5.00E-04 7.00E-03 5.69E-02
SUB.4 5.00E-04 6.48E-04 4.96E-03 5.15E-03 7.89E-03 6.56E-03
SUB.5 3.90E-04 3.26E-04 9.41E-04 5.00E-04 4.05E-03 7.45E-05
SUB.1 0.138 0.255 0.164 0.048 0.290 0.050
SUB.2 0.305 0.270 0.285 0.062 0.310 0.063
theta_per SUB.3 0.349 0.275 0.309 0.045 0.324 0.045
SUB.4 0.278 0.280 0.293 0.053 0.330 0.060
SUB.S 0.371 0.350 0.335 0.050 0.400 0.050
SUB.1 1.40E-04 1.00E-03 6.79E-05 1.71E-03 5.00E-05 5.08E-04
SUB.2 7.00E-02 1.35E-02 2.10E-03 4.36E-02 2.63E-03 7.00E-03
G;:zf( Ks_per SUB.3 7.00E-02 6.26E-03 1.00E-03 7.00E-02 1.60E-03 7.00E-03
SUB.4 7.21E-04 1.00E-04 7.00E-04 7.00E-03 7.83E-04 1.93E-04
SUB.5 1.80E-03 1.00E-04 5.01E-04 8.84E-03 7.86E-04 1.67E-04
SUB.1 123.1 238.8 238.8 238.8 238.8 238.8
SUB.2 126.5 126.5 126.5 126.5 126.5 126.5
PSI SUB.3 152.8 151.7 105.2 152.8 152.8 152.8
SUB.4 2234 100.0 184.8 184.8 184.8 184.8
SUB.5 147.4 100.0 109.4 109.4 125.4 117.5
SUB.1 44 3.8 5.6 10.4 5.6 6.6
SUB.2 11.4 38 7.1 10.4 9.6 8.6
fe SUB.3 82 3.8 6.9 10.4 9.4 8.6
SUB.4 44 38 5.6 10.4 5.6 5.6
SUB.5 38 38 5.6 10.4 5.6 38
Horton
SUB.1 102.8 85.2 85.2 136.4 85.2 110.4
SUB.2 152.3 85.2 112.9 136.4 106.9 110.5
fo SUB.3 103.0 85.2 90.0 136.4 108.6 110.5
SUB.4 102.8 85.2 85.2 136.4 85.2 110.4
SUB.5 96.5 85.2 85.2 136.4 85.2 108.4
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Fig. 9. Comparison of the observation and simulation hydrographs using CAT-PEST (Maesong Br.)
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Table 7. A comparison through statistical assessment (CAT-PEST)

CAT-PEST

Rainfall excess Green&Ampt Horton

. RMSE . RMSE . RMSE
R? NSE R? ) NSE R? ) NSE

(m*/s) (m*/s) (m®/s)
Event 1 0.4538 0.6 0.422 0.9441 0.6 0.538 0.9086 0.6 0.494
Event 2 0.8726 0.7 0.849 0.7436 0.9 0.721 0.6625 1.2 0.514
Event 3 0.7505 1.0 0.743 0.8563 1.0 0.726 0.8005 1.0 0.734
Event 4 0.8832 0.1 0.882 0.8832 0.1 0.882 0.8631 1.0 0.860
Event 5 0.9537 1.8 0.808 0.9205 1.6 0.850 0.9349 1.1 0.931
Event 6 0.9534 0.8 0.900 0.8930 1.3 0.767 0.9649 0.9 0.889
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Fig. 10. Comparison of simulation results of HEC-HMS and CAT-PEST (Maesong Br.)
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