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Abstract

In this study, as a method for decreasing the confidence interval of the estimates of Clark
hydrograph’s concentration time and storage coefficient, regression equations of these parameters with
respect to those of rainfall, meteorology, and basin characteristics are derived and analyzed using the
Monte Carlo simulation technique. The results are also reviewed by comparing them with those derived
by applying the Bootstrap technique and empirical equations. Results derived from this research are
summarized as follows. (1) Even in case of limited rainfall events are available, it is possible to
estimate the mean runoff characteristics by considering the affecting factors to runoff characteristics. (2)
It is also possible to use the Monte Carlo simulation technique for estimating and evaluating the
confidence intervals for concentration time and storage coefficient. The confidence intervals estimated in
this study were found much narrower than those of Yoo et al. (2006). (3) A supporting result could
also be derived using the Bootstrap technique. However, at least 20 independent rainfall events are
necessary to get a rather significant result for concentration time and storage coefficient. (4) No
empirical equations are found to be properly applicable for the study basin. However, empirical equations
like the Kraven(I) and Kraven(Il) are found valid for the estimation of concentration time, on the other
hand the Linsley is found valid for the storage coefficient in this study basin. But users of these
empirical formula should be careful as these also provide a wide range of possible values.
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Table 1. Test statistics of collinearity for independent variables

1 | 9513 1.000 0.0000 | 0.0000 | 0.0000 |0.0005| 0.0000 |0.0007{0.0013 | 0.0009 | 0.0020 | 0.0014 0.0014
2 | 0.809 3.428 0.0000 | 0.0000 | 0.0000 |0.0013| 0.0000 |0.0016 |0.0781|0.0053|0.0085 | 0.1583 |0.0034 | 0.0100
3 | 0493 4.395 0.0000 | 0.0000 | 0.0000 |0.0026| 0.0000 | 0.0000 | 0.0834 | 0.0001 | 0.1136 | 0.2077 |0.0022 | 0.0651
4 1039 4.941 0.0000 | 0.0002 | 0.0001 |0.0001 | 0.0000 |0.0000 |0.0781 |0.0029 | 0.3902 | 0.0059 |0.0028 | 0.0209
5 | 0278 5.854 0.0000 | 0.0004 | 0.0000 |0.0341| 0.0010 |0.0012 | 0.0136 | 0.0132 | 0.0700 | 0.0201 |0.0003 | 0.0049
6 | 0191 7.052 0.0001 | 0.0004 | 0.0008 |0.0034 | 0.0000 |0.0218 | 0.0019 |0.1244 | 0.1066 | 0.0006 | 0.0231 | 0.0002
7 | 0135 8.400 0.0000 | 0.0000 | 0.0002 | 0.0008 | 0.0002 |0.0011 | 0.1906|0.0879|0.0343 | 0.0782 |0.0001 | 0.6874
8 | 0083 | 10684 0.0001 | 0.0000 | 0.0001 |0.0962| 0.0004 |0.4545 | 0.1472 | 0.0209 | 0.0027 | 0.0005 |0.0654 | 0.0027
9 | 0058 | 12779 0.0007 | 0.0000 | 0.0001 |0.0372| 0.0001 |0.0429 | 0.2203 | 0.5971 | 0.0029 | 0.2943 |0.2366 | 0.1177
10 | 0.034 | 16.722 0.0001 | 0.0000 | 0.0008 |0.7927 | 0.0020 |0.3286 | 0.1794 | 0.0070 | 0.2144 | 0.0379 |0.1350 | 0.0869
11 | 0.016 | 24.096 0.0271 | 0.0013 | 0.0032 | 0.0279 | 0.0003 | 0.1470 | 0.0002 | 0.0961 | 0.0537 | 0.1952 |0.4753 | 0.0026
12 | 0.000 | 257.588 | 0.9719 | 0.9977 | 0.9947 |0.0032 | 0.9959 | 0.0007 | 0.0059 | 0.0442 | 0.0012 | 0.0001 |0.0554 | 0.0002
Tolerance . 0.0026 | 0.0032 |0.3416| 0.0036 | 0.6808 | 0.4429 | 0.6840 | 0.7503 | 0.4824 | 0.4346 | 0.6579

VIF 0.0000 |390.9057|313.7822 2.9278 | 275.8064| 1.4689 | 2.2578 | 1.4619 | 1.3328 | 2.0728 | 2.3009 | 1.5200

Table 2. Test of collinearity after removing the variables of inducing collinearity
(consideration of total rainfall)

7.837 | 1000 |0.000307| 0.0016 | 0.0012 0.0011

: R
0.0021

1 0.0021 | 0.0014 | 0.0034 0.0007 | 0.0021
2 0.796 | 3.138 |[1.69E-08| 0.0001 0.0024 0.0018 | 0.0891 | 0.0060 | 0.0073 | 0.1643 | 0.0037 | 0.0105
3 0492 | 3990 |7.02E-05| 0.0007 | 0.0041 | 53E-08 | 0.0940 | 0.0001 | 0.1169 | 0.2080 | 0.0024 | 0.0665
4 0.357 | 4688 |0.000238| 0.0170 | 0.0067 0.0001 0.0752 | 0.0036 | 05737 | 0.0120 | 0.0058 | 0.0327
5 0.187 | 6480 | 0.00326 | 0.1590 | 0.0705 0.0151 0.0008 | 0.1775 | 0.0319 | 0.0013 | 0.0220 | 0.0521
6 0123 | 7977 10.000448 | 0.1995 | 0.0128 0.0062 | 0.2789 | 0.0530 | 0.0648 | 0.0723 | 0.0028 | 0.6299
7 0.087 | 9511 | 0.00123 | 02608 | 0.2183 0.3482 | 0.1153 | 0.0139 | 0.0008 | 0.0016 | 0.0510 |1.0E-05
8 0.059 | 11574 | 0.01479 | 0.0025 | 0.1112 0.1184 | 0.2204 | 0.6311 | 0.0025 | 0.2883 | 0.2034 | 0.0936
9 0.048 | 12770 | 0.0059 | 0.3235 | 0.5643 0.4259 | 0.1187 | 0.0026 | 0.0721 | 0.0257 | 0.1670 | 0.1069
10 | 0.015 | 22,656 | 0.97376 | 0.0352 | 0.0086 0.0832 | 0.0056 | 0.1109 | 01267 | 0.2246 | 0.5414 | 0.0007
Tolerance . 06978 | 0.5130 0.7436 | 04756 | 0.7211 | 0.8194 | 04835 | 04677 | 0.6644
VIF 0 1.4332 1.9494 1.3448 | 2.1028 | 1.3868 | 1.2204 | 2.0682 | 2.1382 | 1.5051
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H(forward selection method), 214 & (hackward
selection method), TAIA A &b (stepwise selection
method), A2 A+ (adjusted R*), B2$-9) C, &
AFMallow's C, statistics), AIC(Akaike Information
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Table 3. Regression results of concentration time 7,

. = Op RMSE
0.195 1.048 1.101 13.06 0.00

0.254 -0.825 1.070 417 0.05
0.273 -0.112 1.066 1.40 0.24
0.201 0.689 1.063 131 0.26
0.296 2.379 1.070 4.20 0.00

0.299 4179 1.079 3.48 0.01
0.301 6.029 1.088 2.96 0.01
0.302 8.011 1.099 2.54 0.02
0.302 10.000 | 1111 2.21 0.04

© 00~ O Ul = W N =

By

By, Ry

By, By, T

Ry, Ry, 1, Jp

Ry, By, T, Iy, W

By, By, 1, Jy, W, C

Ry, By, T, Jp, W G 9

Ry, Ry, 1, Jp, W, G 5, I
Ry, By, 1, Jp, W, G S, B, D
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Table 4. Regression results of storage coefficient &

1 | 0262 | 8446 | 0361 1916 | <0001 | R,
2 | 0321 | 5595 | 0349 462 0.0361 Ry, J,
3 | 0366 | 3940 0.341 3.66 0.0613 Rp, Jp, By
4 | 0404 | 2775 0.334 331 00748 | Ry, Jp, Ry, W
5 | 0419 | 3563 0.333 1.27 02643 | Ry, Jp, Bag, W, B
6 | 0425 | 5084 | 0334 05 04835 | Ry, Jp, Ry W, B, T
7 | 0430 | 6661 0.336 5.18 0.0002 | Ry, Jp, By W, T, C S
8 | 0438 | 8.024 0.338 458 0.0004 Ry, Jp, By, W, B, T, 5, C
9 | 0438 | 10.000 | 0.341 3.99 0.0008 By, Jp, By, W, By, T, S, G, D
K=1202.924R,; "3 R, 02y 017 ®) o AFAF L JAFANE FAsE AL 9 go
ol wetr Hrh A E Sl VIR B-FF
{(cos (Jp—15)*360/365) + 1} )g0) AEHolt) 28X £ 4$ AddTe] 2
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)
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T 0.350 W —0.185 C 0.684 (5/86 + 0‘1)0.079
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Table 5. Confidence interval of concentration time 7, and storage coefficient K derived by the Monte
Carlo simulation

E 1 %% | 16 | 50 59 15. 06
Bq. (7) 90% 2.0 5.0 5.9 125 0.6
T, ' 85% 2.2 5.0 59 112 0.6
(hr) MC 2 95% 12 5.1 69 22.4 0.8
909 15 5.1 6.9 17.6 0.8

Eq. 9
85% 17 5.1 6.9 15.1 0.8
MC 1 95% 115 19.7 204 336 0.3
Eq () 90% 125 19.7 20.4 30.8 0.3
K ' 85% 13.3 19.7 20.4 29.1 0.3
(hr) MC 2 95% 11.0 196 205 349 0.3
90% 12.1 19.6 205 31.8 0.3

Eq. (10)
859% 12.8 19.6 205 29.9 0.3

Table 6. Comparison of observed concentration time 7, and storage coefficient x with those estimated
by the Monte Carlo simulation

Monte Carlo L 16 50 59 150
95% 2 12 5.1 6.9 22.4
Observed 1.2 6.8 116 50.0
1 2.0 50 59 125

7 I
. 90% Monte Carlo 15 51 6.9 176
Observed 2.0 8.0 115 335
1 2.2 50 59 112
85% Monte Carlo = 17 51 6.9 151
Observed 2.0 129 123 35
1 115 197 204 336
95% Monte Carlo =5 110 196 205 349
Observed 87 207 22.6 410
1 125 197 204 308

K

o 90% Monte Carlo =, 121 196 205 318
Observed 135 217 229 39.2
1 133 197 204 291
85% Monte Carlo = 128 196 205 29.9
Observed 174 23.2 238 392

™ o 4o
o
Bl

= B9 Monte Carlo B97)HE o] 43} D3] BEXE o] 43k AR Monte Carlo 2.9)7]
-
=

Qe TN ARIE WAL FTHA FAP Wl 3 ko] AHT0) 236 AR A et
& AAse] 9g Anut 9§ FA dehte 2 & & 2 ey 4 ok

% 9lth. ol Monte Carlo 2el71¥e] Ao ol43}

£ A% 9es #5489 ARG ol 8a A% 4. BHYE BEXE2PE FE Fo2
Hle w948 AF70E ABa Frhe st E MEds A BSMHl B £Y

o 5 249 TN ARYF ANEE B QA ASKAN B AT B 5L
AAY Vo BRY 5 AT Aol oldF A ISHE AL ojele Yolth WekA ti B A
$ a9om Waw Rol Fig 200tk o 19E w2l EAsHs A9 FAR LY ARGTE ol 4
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Table 7. Confidence intervals of 7, and X for 95% significance level

10 2.673 8.118 13.564 156.720 20.813 25.907
20 4282 7.915 11.548 17.114 20.704 24.295
30 4.899 7.984 11.069 17.769 20.730 23.691
40 5.263 7.995 10.727 18.125 20.732 23.339
50 5.378 7.904 10.430 18.407 20.772 23.137
56 5.658 7.979 10.300 18.681 20.809 22936
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Table 8. Comparison of empirical equation (concentration time 7))

. . LO a7 .
Kirpich To= 006635y Agricultural basins with area less than 0.5km’
Rziha T= 0.0139—+ 506 Upstream part of a basin with $=1/200
L
Kraven(I) | 7,= 00074507 Downstream part of a basin with $<1/200
L
Kraven(ID| 7o= 3 §<1/200: V=2.1m/sec, 1/200<S5<1/100: V=3.0m/sec, $=1/100: V=3.5m/sec
(Ln)0.467
Kerby Tc=0v6043W n for paved area 0.02, bare soil 0.30, grassland 0.40, forest 0.80

Table 10. Comparison of empirical equation (storage coefficient &)

Clark K= 07\/5 C:05~14
i bLv A
K= . 0
Linsley NG b : 0.01~0.03

Russel K= o7,

« @ urban area 1.1~2.1, natural area 1.5~2.8, forest 8.0~12.0

Ty

2
Sabol 1.46 — 0. 0867[/7

B HEAPS 19 W94 5196%r, FZEF
51.85km, FZAAF 0007459 FHolth. @2 A=)
Aol BHAGL {99 sl Al 9la, 05k o]
48] fr¥olmz =gArel F$ Kraven(D,
Kraven(l), Kerby &4-& 01%3}91_7, AsA TS 5
HHSTE o] &3t ARYT A5 IAHAA 3

ASANZ 51 243t Xia” £ F43At
3] Kerby®] A% 347 9¢ UA($=det +9
AL 2AY %%?Jr GHEE 71935 Russel®] 73
o AdFgo= 78tk Tables 10 and 112

o,

oY o Jlm rﬂ J
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Table 10. Comparison of concentration time 7, in this study with those estimated using empirical equations

Table 11. Comparison of storage coefficient & in this study with those estimated using empirical equations
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