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Abstract

Two main parameters of NRCS-CN method are curve numbers and intial loss ratio. They are generally selected according to the
guideline of US National Engineering Handbook, however, they might cause errors on estimated runoff in Korea because there are
differences between soil types and hydrological characteristics of Korean watersheds and those of United States. In this study, applying
asymptotic CN regression method, we suggested eight modified NRCS-CN models to decide optimum runoff estimation model for
Korean watersheds. RSR (RMSE-observations standard deviation ratio) and NSE (Nash-Sutcliffe efficiency) were used to evaluate
model performance, consequently M6 for gauged basins (Avg. RSR was 0.76, Avg. NSE was 0.39) and M7 for ungauged basins (Avg.
RSR was 0.82, Avg. NSE was 0.31) were selected. Furthermore it was observed that initial loss ratios ranging from 0.01 to 0.10 were
more adequate than the fixed A= 0.20 in most of basins.
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= &0 ON #L& AR 23 7 & g o A A ==
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CN #2179 o] 7ot B4 of| uhA| A 27 =] ofop &
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FETAA] T2 ONIF - Ate] o] A3 2 THA|
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2012; D’ Asaro et
etal., 2016).

T she] 8 W4l 27| EA4E2 A B
20% (A=0.2)= 1A =0} A-85] 17 9Itk. NRCS-CN HH <]
R GAA A H 27|1EAE2 E0F 2A7E=E6A]
227] wiZoll f-euzHE ofy gt fl=of| A e AL o] Ha A
o] A|71 =] %A th(Baltas et al., 2007; Beck et al., 2009; Shi et al.,
2009; Yuan et al., 2014). &3] Mishra et al. (2006)2 2 7|4
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22 UERESHATY
AL FEFAANTE Ao oM e 4 TS5 74~
= AMSS ko] wheh A Esto] = Z-(P)-FE(Q)
At =25 A ook gtk(Hawkins, 1993). o] 2|3t 72 T
SHA 73 Aot 25 A RS 42 270wt @82k
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FF TS ON Afe] 9] A A& EEoto] 2 -fromit
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A E = o & F A B -5 ON Aol o] TA A&
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Fig. 1. Selected watersheds in study area
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Table 1. Basin information

. . Area No. of NEH-4 tables
Basin no. Basin Data 5

(km”) events CN-I CN-II CN-IIT
B1 Sanganmi 2010-2011 392.93 26 39.65 61.00 78.00
B2 Bangrimgyo 2009-2013 527.12 64 41.70 63.00 80.00
B3 Pyeongchang 2005-2014 697.67 134 42.75 64.00 80.00
B4 Janghowon 2008-2012 431.23 21 43.82 65.00 81.00
BS Cheongmi 2006-2014 514.66 72 44.91 66.00 82.00
B6 Yulgkuk 2009-2014 179.95 41 50.70 71.00 85.00
B7 Heungcheon 2008-2014 294.44 50 46.03 67.00 82.00
B8 Heukcheongyo 2006-2014 307.82 52 37.67 59.00 77.00
B9 Waeongseongdong 2009-2014 378.67 40 39.65 61.00 78.00
B10 Gapyeong 2008-2014 305.12 34 48.32 69.00 84.00
B11 Gyulwun 2008-2014 724.89 63 34.83 56.00 75.00
BI12 Toegyewon 2005-2014 200.45 88 42.75 64.00 80.00
B13 Jungranggyo 2005, 2007-2014 208.41 90 46.03 67.00 82.00
B14 Cheonwang 2009-2010 42.32 13 59.82 78.00 89.00
BI15 Yeongjung 2007, 2010-2014 465.88 54 39.65 61.00 78.00
B16 Gososeong 2009-2013 551.20 29 39.65 61.00 78.00

TR of sl TIEEoH, A= =2 2= 8
HE %’4611 AR 0] == ATH Ahn and Lee, 2017). ZF
G0l A= Fig. | 9 Table 19 YeH A7} 2t} 599
H7]%=42.33~724.89 km*o|H B HA-2 2F390 km*o|t}.
7} 2 g2 AR A (Bt 64.22%)°] AFA|SEAL QLo
™ 11 Qo= 5 AA (BT 22.93%), A7FeFA 2 A G(H
8.72%), 7IEF(E 1wt 1.03%) <=2 & o Fo| A It} §-9 9]
7= AR Bt 71%%&8 kool m, Zt -Foll A &

2" ZLAM ] A= Bt 54700]et 714532 N-day
HhH 2 51491 HYSEP local minimum method & ©]-85}4
2=} o] 2 A 5 47 THA(T=0.52N-1),
N=0.83A%%) 0 2 1 37| H|wale] Bri= o, QAg 5 A
HES AA o2 Adste] 7145 A TH(Sloto and
Crouse, 1996). 73-$- 828] 7|52 719 2]&7]7k0] 3417 oA,
F739 2&717k0] 6A17E o] 73 9-A o 2 A 5oLt

2 Y Eol

4.1 NRCS-CN £ 23

Ryuetal. (2016)°1] &JotH, HL-FEFAA T H-2 -2
2ho] F- Aol A F- a9 A ol=t] Qlof 7]&e] i E o}
S5t 7 © 2 Lpelytth E39F Ajmal and Kim (2015)= H

2 vl malel H740) 27]

&AERg APk uE @it 134 Ajmal and Kim (2015)0114]

H| Wt 871 9] g2 27 A2 ThE CNAMY 2 f-5F 4
Z

lo mlo

of. mHepA 2 Aol A= NRCS-CN E‘ﬁé o] FQ M4l 95
T2 27| EAES S 5 e AT RETAAS
o] gAde ol gsto] eyt ol Aokt FaeF A
L3S A7517] 915]l Table 20]| FEPH A} Zro] 7]&o] 1t
FMDI} HE] 772 FHRFPM2~M8)S HESIATE
M3, M4, M6 X M8 AL FET AT o= A EH CN
TS AR, 11 9]0 R P2 H| WS 915]] 712 NEH-4]]
A AABH= CON Table-S 21-8519T}, Tt 7}zho] 24 g
2247 v 27| AR AR S AR Rt A2 At
o, S 2 EH A7, AF 5 TRt dlofl ofsf sk
o] A1 9l 21 EAdof| whet 2o 7 IS ] whEell, =
A2 NRCS-CN 28 0] X7} ohd Wrfo] Algo 2
JH3|oFstt(Jain et al., 2006). ]S $J3l Mishra and Singh
(2003)°] ARFSH HIAPA [,-S TAAE HE5tH.0H, 27
EAE ERP 7| ARSI QI E A=0.208 ERboto] B

3191001, 0.05, 0.10, 0.20, 0.40)2] 2 H-851Ac,

\l
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Table 2. Description of models and parameters

763

Initial I .. .
Model Method Runoff mtla. 955 1 Initial loss Curve Antecedent moisture
ratio number
Ml NRCS-CN = (Pija)z I =\S NEH-4 NEH-4
i Q’P—4+S . i i
(P—1,)? \S? —
M2 | NRCS-CN = prts I= 5| NeHs M =05~ (1+N)5+ J1-1)2S"+4P,S]
Asymptotic (P—1) Asymptotic
= I =)\S -
M3 CN Regression = I +5 ¢ CN NEH-4
Asymptotic (P—1) AS? | Asymptotic P
= ; I I =05]— - )
M4 CN Regression P—I+S5 Varying |4 S+ M, CN M=o d[ (LHDS+ VA=A +4P“S]
(0.01/0.05/
(P—1)(P—1,+ M) | 0.1/0.2/0.4)
_ a a 4 . . . 7 = _ = — —\)2¢?
MS | MSModel | Q= =AS | NEH-4 [0 =05[-(1+N)$+ J(1-\2S+4p,5]
(P—IL)(P—I1+MM) Asymptotic
_ a a c — I — _ —\)2¢2
M6 | MS Model I TILTE =S o |M=05[- st NS RS ]
M7 MS Model G Wit . =2 NEH-4 |1 =0.5[—(1+2)8+ J(1-\)2S"+4P,5]
ode TP LtM+S R 74 - =00 5
(P—I1)(P—I+M) AS? | Asymptotic
_ a a c — S — _ —\)2¢q2
M8 | MS Model YT | N | M 0.5[~ 1+ N5+ 1 - 27>+ 4P|
4.2 23O| A gl ™7} deviation ratio)2} NSE (Nash-Sutcliffe efficiency)] F 7}4]
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A7, Quurs TE 5%, 0.0r& 2E0] OJ5) AE 52
o[t} Q. = T -§E0] BFo| L STDEV e V55

Fig. 3-& 167 4G Tzt 87]} % o] RSRY}NSES A4}
2} 1 (box plot) 0.2 LFERH 1.0 & RSRE Hizfo] 2-&
S5, NSEE Bgto] 25 f% J5& Uepdith o] =
7R A 75 Fol TS 3 7 A ok oIS 2P MS
R AT FES4AAs 73%‘_ M6 (B RSR: 0.76,
B NSE: 039).2 AA = %}, 7129 NRCS-CN 'S
289t M1 (8 RSR: 0.96, B+ NSE: 0.05)7} M2 (B
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Table 3. Evaluation of M6 for various initial loss ratios (\)
Initial loss ratio (A) Optimum

Basin # 0.01 0.05 0.10 0.20 value
RSR NSE RSR NSE RSR NSE RSR NSE RSR NSE (1)
Bl 0.63 0.60 0.59 0.65 0.56 0.69 0.54 0.71 0.54 0.70 0.20
B2 0.89 0.20 0.90 0.19 0.91 0.16 0.98 0.04 1.09 -0.18 0.01
B3 0.74 0.45 0.75 0.43 0.79 0.38 0.88 0.23 0.97 0.07 0.01
B4 1.02 -0.04 0.98 0.04 0.97 0.06 0.98 0.05 0.98 0.05 0.10
B5 0.89 0.21 0.83 0.31 0.83 0.30 0.88 0.22 0.98 0.04 0.05
B6 0.78 0.39 0.77 0.41 0.78 0.40 0.80 0.36 0.86 0.26 0.05
B7 0.77 0.41 0.78 0.40 0.79 0.38 0.80 0.37 0.85 0.27 0.01
B8 0.62 0.61 0.57 0.67 0.57 0.68 0.59 0.65 0.67 0.55 0.10
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Table 3. Evaluation of M6 for various initial loss ratios (\) (Continue)

765

Initial loss ratio (A) Optimum
Basin # 0.01 0.05 0.10 0.20 0.40 value
RSR NSE RSR NSE RSR NSE RSR NSE RSR NSE ()
B9 1.13 -0.29 1.14 -0.29 1.22 -0.50 1.29 -0.66 1.39 -0.94 0.01
B10 0.45 0.79 0.45 0.80 0.45 0.80 0.45 0.80 0.47 0.78 0.10
Bll1 0.96 0.07 0.99 0.03 1.04 -0.07 1.15 -0.32 1.24 -0.54 0.01
B12 0.49 0.76 0.48 0.77 0.49 0.76 0.47 0.78 0.48 0.77 0.20
B13 0.77 0.41 0.76 0.42 0.75 0.44 0.74 0.46 0.75 0.44 0.20
B14 1.04 -0.07 0.96 0.08 0.92 0.15 0.92 0.15 1.01 -0.01 0.20
B15 0.63 0.60 0.60 0.64 0.58 0.66 0.60 0.64 0.60 0.64 0.10
Bl16 0.82 0.33 0.80 0.36 0.81 0.34 0.86 0.26 0.86 0.27 0.05
Table 4. Evaluation of M7 for various initial loss ratios (\)
Initial loss ratio (A) Optimum
Basin # 0.01 0.05 0.10 0.20 0.40 value
RSR NSE RSR NSE RSR NSE RSR NSE RSR NSE ()
B1 0.86 0.27 0.90 0.19 0.97 0.06 1.15 -0.32 2.15 -3.62 0.01
B2 1.03 -0.05 1.10 -0.20 1.21 -0.46 1.49 -1.23 2.72 -6.42 0.01
B3 0.71 0.49 0.74 0.46 0.79 0.38 0.98 0.05 2.02 -3.07 0.01
B4 0.97 0.06 1.02 -0.04 1.10 -0.21 1.32 -0.75 2.02 -3.08 0.01
B5S 0.76 0.42 0.78 0.40 0.82 0.34 0.96 0.07 1.70 -1.88 0.01
B6 0.76 0.42 0.77 0.40 0.80 0.36 0.92 0.16 1.38 -0.92 0.01
B7 0.96 0.08 1.00 -0.01 1.08 -0.16 1.28 -0.65 1.66 -1.76 0.01
B8 0.65 0.58 0.67 0.55 0.72 0.48 0.89 0.21 2.08 -3.31 0.01
B9 0.99 0.01 1.03 -0.07 1.11 -0.23 1.33 -0.76 3.16 -8.99 0.01
B10 0.58 0.66 0.60 0.64 0.64 0.59 0.75 0.44 1.18 -0.38 0.01
Bl1l1 0.87 0.25 0.91 0.17 1.00 -0.01 1.27 -0.62 3.61 -12.07 0.01
B12 0.67 0.55 0.70 0.51 0.75 0.44 0.89 0.20 1.52 -1.31 0.01
B13 1.00 -0.01 1.05 -0.10 1.12 -0.25 1.30 -0.69 1.68 -1.83 0.01
B14 0.66 0.56 0.67 0.55 0.70 0.51 0.83 0.32 1.19 -0.42 0.01
BI15 0.73 0.47 0.76 0.43 0.81 0.34 0.97 0.05 1.74 -2.04 0.01
B16 0.90 0.20 0.94 0.12 1.01 -0.02 1.21 -0.47 2.43 -4.91 0.01
O™ A1=0.01 (31%), 0.05 (19%), 0.10 (25%), 0.20 (25%) 5. ?Ed %
= ot jI91Y] 24 2714 E0] A= I
WA v)A1E ol 28 4 Ve M7 e oA 2 A7 BAL2AE D nAE fHoA A8 7+
0.01°] 24 27|EHER2 A Ut(Table 4). 4 B2} 2t 5o 4o 2get 479 NRCS-CN 2 Al A oh=
B139l|4 B3 o] a-&/do] WA B A, Ik & Aoz, 71E Yo A 02 A UE F 7] ¥l
TSFAL M7 712 NRCS-CN E g Kt} 4d50] ¢-=5}7] fFrEFAAge 27EAES Ak WA =4
iz, vAIS F 9 dS 75kl m 22 o] Higto s A 28] 242 AT ETAATHS 2-85to] P S
| 5 3 Aotk ™, 2 Ao A AR -S4 2] 4 (asymptotic-CN)
& 0] 835}= Z10] 7] &2 NEH-4]| 2J3HCN ZhS ]85+ A}
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