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Abstract

In order to improve the runoff estimation accuracy of the Natural Resources Conservation Service (NRCS)
curve number (CN) model, this study incorporated rainfall and maximum potential retention as contributors for
initial abstraction. The modification was proposed based on 658 rank—order data of rainfall and subsequent runoff
from 15 watersheds. The NRCS-CN model (M1), one of its inspired modified model (M2), and the proposed model
(M3) were analyzed employing different CN approaches. Using tabulated, calculated and least squares fitted CNs
(CNt, CNc, CNrsr, respectively), the models’ performances were evaluated based on Root Mean Square Error
(RMSE), Nash-Sutcliffe Efficiency (NSE), and Percent Bias (PBIAS). Applications of model M1, M2, and M3,
respectively exhibited watershed cumulative mean [RMSE (23.60, 18.12, 16.04), NSE (0.54, 0.73, 0.79), and PBIAS
(36.54, 20.25, 12.00)]. Similarly, using CN¢ (for M1 and M2 model) and CNisr (for M3 model), the performance
of three models respectively were assessed based on watershed cumulative mean [RMSE (17.17, 15.88, 13.82),
NSE (0.76, 0.80, 0.85), and PBIAS (3.06, 4.47, 0.11)]. The proposed model (M3) that linked all of the NRCS-CN
variants showed more statistically significant agreement between the observed and estimated data.
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Table 1. Description of Models and Parameters Used in This Study

Parameters .
Model ID Model Expression Remarks

A CN

M1 0.2 NEH-4 Tables, Eq. (3) Original NRCS-CN Model
Storm-events data
Modified NRCS-CN Model

M2 0.05 do Fa. (6) [Woodward et al. (2003)]

. NEH-4 Tables,
M3 Variable Constrained LSF Eq. (9) Proposed Model

—-do— means similar as above, LSF stands for Least Square Fitting
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Fig 1. Location of Selected Watersheds in the Study
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Table 2. Description of Watersheds and Data

ID Name Record (Years) N | Area(km®) | Pun(mm) Q, (mm) SD (mm)
W1 Boksu 2009, 2011 25 161.9 76 32.86 41.19
w2 Cheongju 2006-2011 70 197.32 52.19 179 20.29
W3 Cheonwang 2009-2010 28 48.86 69.32 37.33 45.25
w4 Chunyang 2006-2009 40 140.2 73.73 32.48 34.14
W5 Daeri 2006-2011 39 50.25 59.15 29.96 22.17
W6 Donghyang 2006-2011 63 165.84 63.88 21.11 30.71
W7 Dopyeong 2009-2010, 2012 | 34 158.72 79.41 47.61 56.28
W8 Guryong 2006-2011 33 245.5 81.33 39.64 37.41
W9 Janggi 2007-2011 42 65.74 68.49 30.75 30.76
W10 Jungrang 2005, 2007-2011 | 42 208.41 78.72 38.75 38.44
W11 Maeil 2005, 2007-2011 59 174.86 69.31 33.29 38.75
W12 Soochon 2007-2011 31 213.44 85.37 47.21 39.64
W13 Toigyewon 2005-2011 44 201.31 82.72 39.6 38.65
W14 Yoosung 2005-2011 65 249.63 84.37 44.74 56.81
W15 Yulgeuk 2009-2011 38 179.95 81.05 39.44 42.71

N=No. of events, P,=Events mean rainfall, Q,=Event mean observed runoff, SD=Standard deviation of observed runoff

Table 3. Estimated Model’'s Parameters

1,\11‘123;;1 Sto&\r/l[le—d]?;ne)n ts Least Square Fitting (LSF) Technique (for Model M3)

N, N, E LB B E :
b CNr ()?ZO.C2) (?\EO.(C)S) CNise (CiTLSF) (CNisr) (C[I\JTLSF) AL (?\SLSF) (CI];{LSF)
W1 60 84 79 65.74 1.98 62.98 68.49 0 0.027 0.969
W2 69 85 79 75.59 1.3 72.99 78.2 0.09 0.008 0.957
W3 78 87 81 76.94 2.38 72.04 81.84 0 0.016 0.983
W4 60 83 79 71.73 2.32 67.03 76.43 0 0.025 0.973
W5 75 88 84 84.51 0.66 83.17 85.84 0.05 0.004 0.99
W6 64 75 65 62.22 0.86 60.51 63.51 0 0.01 0.996
W7 64 83 76 81.86 2.24 77.31 86.41 0 0.01 0.984
W8 65 81 75 74.49 1.88 70.65 78.32 0.03 0.009 0.963
W9 70 86 82 73.05 1.94 69.12 76.98 0 0.02 0.965
W10 67 83 77 72.53 2.11 68.27 76.78 0 0.017 0.964
W11 53 83 74 76.23 1.62 72.98 79.47 0 0.013 0.981
W12 73 85 81 76.7 2.53 71.54 81.86 0 0.019 0.951
W13 64 82 76 70.15 213 65.49 74.81 0 0.02 0.958
W14 71 82 73 79.37 1.25 76.87 81.86 0.03 0.003 0.981
W15 71 82 7 67.92 2.07 63.78 72.06 0 0.019 0.975

CNr, CNg, SE, LB, and UB stand for tabulated CN, calculated CN, standard error, lower bound, and upper bound, respectively
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Table 4. Evaluation criteria using NSE, RMSE and PBIAS

Performance rating NSE RMSE (mm) PBIAS (%)
Very good 0.75<NSE<1.00 NSE=0.90 SD=3.2xRMSE -10<PBIAS<+10
Good 0.65<NSE<0.75 | 0.80<NSE<0.90 SD=2.2xRMSE-3.2xRMSE +10<PBIAS<#£15
Satisfactory 0.50<NSE<0.65 | 0.65<NSE<0.80 SD=1.2xRMSE-2.2xRMSE +15<PBIAS<%25
Unsatisfactory NSE=<0.50 NSE<0.65 SD<1.2xRMSE PBIAS >£25
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Fig. 2. Model Performance Comparison Based on Three Performance Indicators; (a) RMSE,
(b) NSE, and (c) PBIAS using CN Obtained from Watershed Characteristics

496

BEKEREEMNE



M2 B3 770 frollA “very good”, 47] ellA “good”,
274 %—IOHH “satisfactory”, 27 9ol A “unsatisfac—
tory” 2 Ml Bt} £ 7o & yepydt] npx|gto g Ml—o‘
47N ol “very good”, 271 <ol “good”, 47 F-
ol A “satisfactory”, 57) F< oA “unsatisfactory” = Ur
ERTh RMSE 7155 o] 838t ®H7lkeh= 45, M1 15
NS F 87 FHollA “unsatisfactory”, 17 <ol A
“very good”, 271 <A “good”, 47) F-oll A “satis-
factory” 2 YERSEI, M2+ 27H oA “very good”, 4
N el Al “good”, 570 ol A “satisfactory”, 470
oA “unsatisfactory” = UrEP;){ B3 M3 400
Aol A “very good”, 771 el A “good”, 27 el Al
“satisfactory”, 27} +9°lA “unsatisfactory” = YFEFsE
o} RMSE "HS o]&sto] o] Ass Hrke A3
Mlo] 71 v& d5& 7 e AR Uehyth
5 FEFY ALE 299 Alol] Aol & H7)
&t7] fl8te] PBIASS o8-8t 2415k3ith Fig. 2(c)ollA
PBIAS®] #H& vjust A3 M37F M2 ®u} frEdSo] A

a0 - | B A M2 R nas

P34 56 7 R 9 ML 12131415 16
Watershed Number

(a)

2~

o

thal & 4= 9lok NRCS-CN B30 Ml & 7V

107 -0l A “unsatlsfactory”E vepdlon

“satisfactory” & YERARIAL, “good” =} “very good”
eERA ekt M2 288 470 F-<oll A “very good”,
471 FHoll A “good”, 371 Oﬂoﬂf‘i “satisfactory”, 471 ¥+
Aol A “unsatisfactory” & YERNEE £ Aol Al A|St
H 2l M3 2&2 M1y M2el| vlsiA o v das

w0, 671 ol A “very good”, 371 <ol A “good”,

271 oA “satisfactory”, 47} oA “unsatisfac—
tory"& LERH AT

F7HH o2 BEol A% Hrlshy] s M1y M2+
CNc (Table 3)& 4831912, M3+= CNisr (Table 3)<]
s ARE-3FTE Fig. 3(a)oll Vel Blel o] M3 23
2 BE f9oA] vBlad v RMSE®} &2 NSEE Y
At M2 28] Ao 1 thSo|gon] Ml 23
2 RMSE®} W& NSEE YERlo] 71 o] vt
7

=] o
<] E}'\:‘

1)

g

° 1
i,
[
T

o X g

NSES ol &3}l 45 8718 3 2, M3 23 157

| B

91l
Watershed Number

(b)

4 5 6 7 8 1212 14 15 16

[CH

o M2

PBIAS (%)

Witershied Mumber

(c)

Fig. 3. Model Performance Comparison Based on Three Performance Indicators; (a) RMSE, (b) NSE,
and (c) PBIAS using CN Estimated from Observed Rainfall-runoff Data
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Table 5. Models Comparison Based on Cumulative Maximum, Mean, and Minimum Performance Indices

CN Performance Ml M2 M3
Method Index Max. Mean Min Max. Mean Min Max. Mean Min

RMSE 36.64 23.6 12.45 28.79 18.12 8.47 25.91 16.04 6.91
CNrt NSE 0.91 0.54 -0.82 0.96 0.73 0.38 0.98 0.79 0.55
PBIAS 65.1 36.54 18.41 50.84 20.25 0.54 39.01 12.00 0.14
RMSE 25.84 17.17 9.38 24.79 15.88 8.17 24.51 13.82 7.01
gg;/l NSE 0.96 0.76 0.55 0.94 0.8 0.61 0.98 0.85 0.62
PBIAS 28.58 3.06 0.41 22.59 447 0.84 11.73 0.11 1.16
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