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The objective of this study is to propose a critical storm duration forecasting model on storm runoff in small
river basin. The critical storm duration data of 582 sub-basin which introduced disaster impact assessment report
on the National Emergency Management Agency during the period from 2004 to 2007 were collected, analyzed
and studied. The stepwise multiple regression method are used to establish critical storm duration forecasting
models(Linear and exponential type). The results of multiple regression analysis discriminated the linear type
more than exponential type. The results of multiple linear regression analysis between the critical storm duration
and 5 basin characteristics parameters such as basin area, main stream length, average slope of main stream,
shape factor and CN showed more than 0.75 of correlation in ferms of the multi correlation coefficient.
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Table 1. The basin characteristics factor input data regarding a critical storm duration decision

Point Basin érea Channel Shape CN Critical storm Discl;arge
(Km") slope (m/m) Length (Km) factor duration (min) (m’/s)
8910 0.0219 5.800 1.943 68.35 370 11872
8910 0.0219 5.800 1.943 70.75 360 124.01
8910 0.0219 5.800 1.943 69.29 370 120.81
8.480 0.0332 5.350 1.837 68.39 310 12832
8480 0.0332 5.350 1.837 70.91 300 134.89
Ha 8480 0.0332 5.350 1.837 69.39 300 130.95
eu 7910 0.0383 4.900 1.742 68.12 270 124.91
hywn 7910 0.0383 4900 1.742 70.83 260 132.20
streaml 7910 0.0383 4.900 1.742 69.19 270 127.79
6.950 0.0375 4.200 1.593 68.25 230 116.81
6.950 0.0375 4.200 1.593 71.32 220 125.03
6.950 0.0375 4.200 1.593 69.46 230 120.09
5540 0.04.10 3.860 1.640 68.83 200 98.43
5540 0.04.10 3.860 1.640 72.61 190 107.37
5540 0.04.10 3.860 1.640 70.33 200 102.01

A Sampling 279 data of 582 sub basin abstract in Kang-wan area
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Fig. 2. Individual basin characteristics factor and relationship of critical storm duration.
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Table 2. Analysis of correlation coefficient between
basin characteristics factor and critical
storm duration(Linear Type)

Xi Xz X3 X4 X5 Y

X1 1000

Xz 0180 1.000

Xs 0793 -0183 1.000

Xa 004 -0047 0475 1.000

Xs -0194 -0249 -0.188 -0.089 1.000

Y 0593 -0266 0665 0205 -0353 1.000

(Y: Critical storm duration, Xi: Area, Xo@ Channel
slope, Xs: Channel length, X4 Shape factor, Xs: CN)
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Table 3. The basin characteristics factor according to critical storm duration for stepwise multiple regression

analysis result(Linear Type)

Step Variable Fomular o P-Value
1 X Y=76.178+36.939X3 0.442 0.000
2 X3 Xs Y=0232.704+34.517Xs-1.916Xs 0.49% 0.000
3 Xg X3 Xs Y=301.933-131.277X2+31,349X3-2.485X5 0547 0.000
4 Xy Xs, X4, Xs Y=323.905-128.003X2+34.800X5-14.927X,~2.471Xs 0.560 0.000
5 Xy, Xo, Xs, Xo, X5 Y=323.256+0.334X1-127 879X+ 34 544X 5 14.626X4-2.468X5 0.560 0.000

(Y: Critical storm duration, Xi: Area, Xz Channel slope, Xs: Channel length, X4 Shape factor, X5 CN)



Table 4. Analysis of correlation coefficient between ba-
sin characteristics factor and critical storm du-
ration(Exponential Type).

g9 dAA

Xi X3 X3 Xy Xs Y
X3 1000
X2 -0204 1.000
Xs 0929 -0244 1.000
Xs 0049 0064 0416 1.000
Xs -0224 -0249 -0245 -0112 1.000
Y 0680 -0224 0671 0116 -03%8 1.000
(Y: Critical storm duration, Xii Area, Xz Channel

slope, Xs: Channel length, X4 Shape factor, Xs: CN)
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Fig. 3. The estimated-observed value according to a
Linear Type.
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Fig. 4. The estimated-observed value according to a
- Exponential Type,
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Table 5. The basin characteristics factor follows at critical storm duration for stepwise multiple regression analy-

sis result(Exponential Type)

Step Variable Fomular R P-Value
1 X Y=147.557+X,2° 0.440 0.000
2 X, Xs Y=32136.61#X, "% Xs B 0.477 0.000
3 X, X, Xs Y=63533.004 X, EsXy 00X 14 0516 0.000
4 Xy, Xe, X, X5 Y=53210.83# X" Xy 0Ky x4 0532 0.026
5 Xy, Xo, X3 Xo Xs Y =53210.826+ X" 182 Ko 005 XM X g 141 0.542 0.026

(Y: Critical storm duration, Xi: Area, X' Channel slope, X3 Channel length, X4 Shape factor, X' CN)
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Table 6. Stepwise multiple regression analysis result of Seoul and Kyung-Ki area

(a) Linear Type
Step Variable Fomular R? P-Value
1 X3 Y=57.286+63.080X3 0.430 0.000
2 X1, X3 Y=50.424-39.553X:+92.746 X3 0.450 0.002
3 Xy, X3 X4 Y=08.659-73.987X,+118.270X3-31.540X, 0.499 0.000
4 X1, X3 Xy X5 Y=214.690-80.017X,+124.248X3-33.440X4-1.370Xs5 0511 0.014
5 Xy, Xp X3 Xy X5 Y=224.854-79.091X-16.986X2+121.886X3-33.579X 4-1.439X5 0.512 0.086

(b) Exponential Type

Step Variable Fomular R’ P-Value
1 Xi Y=146.89+X, %4 0482 0.000
2 Xy, Xs Y=25061.00X, 23X %7 0.502 0.006
3 Xi, Xz, Xs Y=12560.3+X P2 X L PP X5 0% 0523 0.039
4 X1, Xz Xy Xs Y=11830.42%X 2 Z0xX 224K L0 X 5 0 0.531 0.067
5 X1 Xz, X3, Xy X5 Y =11830.42:X O 0000BI4, 7 002y 04Tl 048y 0557 0531 0.073

(Y: Critical storm duration, X;' Area, Xz: Channel slope, Xs* Channel Jength, Xy Shape factor, Xs: CN)
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Table 7. P-Value analysis result according to each
variable (Exponential Type).

Xi Xo X3 Xy X5
P-Value 0000 0419 0000 0000 0011

Xy Area, X2' Channel slope, Xs: Channel length, X4
Shape factor, Xs: CN)

A5 ¢ 22 g Aol o8 248 g
Byg Jehd adzmolty T gz EXA
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A Uedg & 4 ok
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Table 8. Stepwise multiple regression analysis result of Dae-gu and Kyung-buk area

(a) Linear Type

Step Variable Fomular R? P-Value
1 X1 Y=119.67+X,*® 0428 0.000
2 X1 X5 Y=1563147.643+X," % X5 > 0.606 0.000
3 X1 X3 X5 Y=3741105.883#X," 04 X5 74X 258 0.633 0.016
4 X1 X3 Xu Xs Y=334195.04% X, "5 4 X0 Px X 0 1B 0.563 0.106
5 Xl Xz X3 X4 ){5 Y=334965. 44*X10241 *XZO.IZQ *XS*O,(X)OO(X)SIM *XA-O.Z&’B*XS-LBZ 0.563 0.107

(b) Exponential Type

Step Variable Fomular R? P-Value
1 X3 Y=46.120+35.784X5 0.482 0.000
2 Xs Xs Y=200.917+25.961X5-1.855Xs 0.632 0.000
3 X3 X4 X5 Y=237.383+44.380X3-22,081X4~1.943X5 0.681 0.004
4 Xo X3 X4 Xs Y=304.294-68.982X+45.686X3-20.693X4~2.650Xs 0.696 0.036
5 X1 X2 X3 X1 X5 Y=306.277-31.593X1-64.238X2+66.130X5-32.158X4-2.566 X5 0.702 0.09%

(Y: Critical storm duration, Xi: Area, Xz Channel slope, X3* Channel length, X+ Shape factor, Xs: CN)
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Table 9. P-Value analysis result according to each
variable(Linear Type)
Xi X2 X3 X4 Xs
P-Value 0000 0000 0006 0018 0169

(X1: Area, Xy Channel slope, Xs: Channel length, X4
Shape factor, X5: CN)
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Fig. 6. The estimated-observed value according to a
Exponential Type.
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Table 10. Stepwise multiple regression analysis result of Jeol-la area

(a) Linear Type

Step Variable Fomular R® P-Value
1 X Y=378.048-3.139X 0562 0.000
2 Xy Xs Y=489.488-198.360X5-4.229Xs 0672 0.000
3 Xo, Xs Xs Y=507.907-217.289X5-8.532X3-4.335Xs 0685 0.035
4 Xy, X Y=500.640+4.374X,-246.990X2-12.791 X5~4.329X5 0.686 0.145
5 Xy, Xg Xa, X4 X5 Y=491519+18.738X,~203.957X>-28.083X3+9.148X4-4.242Xs 0691 0305

{b) Exponential Type

Step Variable Fomular R P-Value
1 Xz Y=212324 45+Xs 173 0618 0.000
2 Xy, Xs Y=2032357.011%X5 *1%xXs 2% 0.687 0.000
3 Xo, X4, Xs Y=2098039.884x X5 1B+ X 0%y 2 0.689 0.165
4 X Xy X4 X5 Y=2054239.21 26Xy O 0x K MK OB X 5 255 0.692 0.269
5 Xy, Xo, Xs, X4 X5 Y=02254230 212 X, 00 Xy 174X 20000EB ¢ 006,y 2355 0692 0.232

(Y: Critical storm duration, X;: Area, Xz Channel slope, Xs: Channel length, X;: Shape factor, X5 CN)
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Table 11. P-Value analysis result according to each
variable(Exponential Type)

Xi Xy X3 X4 Xs

P-Value 0000 0000 009% 0419 0.760

(Xj: Area, Xo: Channel slope, X3' Channel length, X4
Shape factor, Xs: CN)
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Table 12. Stepwise multiple regression analysis result of Chung—cheong area

(a) Linear Type

Step Variable Fomular R P-Value
1 X Y=103.859+29.578X, 0.298 0.000
2 Xy, Xo Y=129.166+28.443X,-119.191X» 0.358 0.003
3 X1, Xz, X5 Y=290.997+31.751X:1-182.31 1X,-2.123%s 0.384 0.021
4 X1, Xo, X4, X5 Y=235.794+32.404X1-183.774X>+25.375%.~1.972X5 0.397 0.071
5 Xy, Xo, Xg, Xy, X5 Y=237.636+35.006X1-182.531X5-3.964X5+26.996 X4~ 2.002Xs 0.397 0.250

(b) Exponential Type

Step Variable Fomular B P-Value
1 X5 Y=112.72+XM 0.238 0.000
2 Xo, X3 Y=00.157% Xy %X, 4 0.364 0.023
3 Xo, X3, Xs Y=151008.015+ Xz 7050 x5 18 0.3%6 0.002
4 Xe, X3, X, Xs Y=124451 461Xy ¥4 X LFP0x X S04 K170 0323 0178
5 Xy, Xz, X3, Xy, Xs Y=124451 465X, PPUBL g, 0212 30 05, X 008 1780 0.323 0.018

(Y: Critical storm duration, Xi: Area, Xs: Channel slope, Xs: Channel length, X+ Shape factor, Xs: CN)
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Fig. 11. The estimated-observed value according to g
Linear Type.

Table 13. P~Value analysis result according to each
variable(Exponential Type)

Xi X X3 Xy Xs

P-Value 0000 0000 0000 0012 0003

(Xi: Area, Xo: Channel slope, X3 Channel length, Xs
Shape factor, Xs. CN)
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Fig. 12. The estimated-observed value according to a
Exponential Type.
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Table 14. Stepwise multiple regression analysis result of Kang-won area

(a) Linear Type

Step Variable Fornular R P-Value
1 X3 Y=26.450+62.590X3 0943 0.000
2 X, X3 Y=-62.615-11.530X,;+87.807X3 0.949 0.007
3 Xy, X3, X5 Y=246.965-21.896X,+104.078X5-4.442X5 0967 0.015
4 Xy, Xz, X3, X5 Y=206.248-20.880X,+705.747X2+114.046X5-5.018X5 0974 0.070
5 Xy, Xz, X3, X4, X5 Y=251.984-36.525X,+700.227X2+150.430X5-67.054X,-4.804Xs 0974 0135

(b) Exponential Type

Step Variable Fomular R? P-Value
1 Xz Y=18.88+X, ™ 0921 0.000
2 Xz, Xs Y=8033.055+ X, "X 18 0.932 0.016
3 Xo, X3, X5 Y=23823.195+ Xy P X5 H0x x5 1% 0.963 0.078
4 Xy, Xz, X3, X5 Y=235504.93+X, P4 Ky O P0u X By s 200 0.979 0.032
5 Xy, Xo, X3, X4, X5 Y=231206.479% X, 2784 X, 0244 X D000000%982, ¢ 1066, 37 206 0.979 0.146

(Y: Critical storm duration, Xi: Area, Xz2: Channel slope, Xs: Channel length, X5 Shape factor, X5 CN)

o, §98F 00594 AAAFRY)7t 0974(R=098)
2 AEHJID AFFY A= F273AL CN,
FE2AR, #dd3, A4S £o2 HY=gon
F22E 00504 AAASFRY7F 0.979(R=0.980)0.
2 AEHAY. 53] o] YoM Xd3 A+d
T AN AASF7E A=) A step 49 A
321 step 59 A AAAG7E 2L ¢ 5 Ik

o4 #AF A A¥YoMY FoFEo]
0135, A9 B4 Fod&o] 0146202 e
oug HAFAY FoAo] HE & AeE Uy
Horz MEAd s Fo3E £4 A9 R
H CNztel s 2] fojigo] Folxiony, HF
AT F7H FOo2A AN FoAo] FolA
= AL AT F A9 2y 2 EAARAE
79 FoAd we A wa Qerme
Table 159} o] YARZAIZY WE 2+ Mg
e F948 ASSET AYE XY 4% o

500000

400000

Bax

A8
FWLQ00

W00 &

oo

L0
s000 pauciunid 200800 300.000 400000 300000

L5320
Fig. 13. The estimated-observed value according to a
Linear Type.
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Table 15. P-Value analysis result according to each
variable(Linear Type)

X1 X2 X3 Xy Xs

P-Value 0120 0069 0010 0470 0.005

(Xi: Area, Xz: Channel slope, X3 Channel length, X4
Shape factor, Xs: CN)
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Fig. 14. The estimated-observed value according to a
Exponential Type.
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Table 16. Stepwise multiple regression analysis result of Je-ju area

(a) Linear Type

Step Variable Fomular R P-Value
1 Xy Y=108.721+63.015%; 0514 0.000
2 Xy, Xs Y=388.328+61.826X1-3.685X5 0.739 0.000
3 Xy, X4, Xs Y=367.057+53.078%,+16.726X4-3.845X5 0.761 0.003
4 Xy Xo Xy Xs Y=405.992+49.817X,-397.062X+21.603X4~4.125X5 0818 0.000
5 Xy, Xo, X5, Xs X5 Y=463.323+8.763X1-415.028%+32.090X3-12.288X-4.231X5 0.853 0.013

(b) Exponential Type

Step Variable Fomular R P-Value
1 X Y=207.014+X,*" 0.658 0.000
2 Xy, Xs Y=50020.11+X, 5P X5 135 0.800 0.000
3 Xy, X2, X5 Y=36307.81 %X, ¥4 Xy 0P x5 0.828 0.000
4 Xy, Xo X4 Xs Y=43853.07+ X, %X “FPux Mug, 17 0.864 0.003
5 X1, Xo, Xs, X4, X5 Y=43752.21 %X, 20008, X, 034, % 0710, ¢ 0By 147 0.864 0.004

(Y: Critical storm duration, Xi: Area, Xz Channel slope, X5 Channel length, X4 Shape factor, Xs: CN)
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Table 17. P-Value analysis result according to each
variable(Linear Type)

X1 X2 X3 Xy X5

P-Value 0120 0069 0010 0470 0005

(X' Area, X2 Channel slope, X3 Channel length, X4
Shape factor, Xs: CN)
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Fig. 16. The estimated-observed value according to a
Exponential Type.
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