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Abstract

This study proposed a rainfall-runoff model for the purpose of real-time flood warning in urban basins. The proposed model was based
on the shot noise process, which is expressed as a sum of shot noises determined independently with the peak value, decay parameter
and time delay of each sub-basin. The proposed model was different from other rainfall-runoff models from the point that the runoff from
each sub-basin reaches the basin outlet independently. The model parameters can be easily determined by the empirical formulas for the
concentration time and storage coefficient of a basin and those of the pipe flow. The proposed model was applied to the total of three
rainfall events observed at the Jungdong, Guro 1 and Daerim 2 pumping stations to evaluate its applicability. Summarizing the results
is as follows. (1) The unit response function of the proposed model, different from other rainfall-runoff models, has the same shape
regardless of the rainfall duration. (2) The proposed model shows a convergent shape as the calculation time interval becomes smaller.
As the proposed model was proposed to be applied to urban basins, one-minute of calculation time interval would be most appropriate.
(3) Application of the one-minute unit response function to the observed rainfall events showed that the simulated runoff hydrographs
were very similar to those observed. This result indicates that the proposed model has a good application potential for the rainfall-runoff
analysis in urban basins.
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(a) General rainfall-runoff model (b) Rainfall-runoff model in this study

Fig. 1. Comparison of the structure of general rainfall-runoff model and that in this study
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Fig. 2. Modified rational formula with three different cases of rainfall durations
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Ao] EF0] FREA] g 7ol oAM= 91 Al 7HA] BhE
AIREE E 2tol7F glow, A o] Alg £-8-5k= 77kl 3L
o}, 2 Aol A e EEAIZo|gt g0 2 F At AR5
= Jirt

Shot noise processE 9 9] Z-9-FF oA o] -85kl
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Name Empirical formula Characteristics
0.77
Kirpich (1940) 7. =0.0663 - S Small farmland, 4: ~0.8km?, S: 1/30 ~1/10
. L
Rziha (1876) 7. =0.0139 » ra Natural upstream, .5 > 1/200
L
Kraven (1) 1, =0.0074 « FE Natural middle and downstream, ' <1/200
P S=<0.005: V=2.1m/sec
Kraven (II) 1, =0.0074 « NG 0.005 <.§<0.01 : V=3.0m/sec
§>0.01 : V=23.5m/sec
3|08
California DoT T, =0.0663 (f) Small mountainous region
Lo N\1/214
Kerby (1959 7 =0.6059 « §<1/10
Y ( ) ¢ 0 ( NG ) /
L5 .
Johnstone and Cross (1949) 1= 0‘543(5)0"‘ A 25 ~1,624mi®
L . . ..
SCS T =1/3600) - Mean velocity depending on surface conditions

0.000524(1.1— O L

FAA 7= o178 Airport region, urban region or surface flow
0.00547(0.0178i+ ) L% Delay consta.nt( C) = flat pave region: 0:007,
Izzard 7= 0333 0667 Concrete pave region: 0.012, Gravel pave region: 0.017,
! Cutted lawn: 0.046, Dense lawn: 0.060
. . 1.396 <10~ 6LU.6 0.6
Morgali and Linsley (1965) 7= an Surface flow
7
0.8 o107
SCS lag T = 02571 [1(;8305/06)7\7) 9 Farmland or urban, 7 = 1.67 < basin lag, A < 2,000acres
07T
Jung (2005) T = 0119@ Korean, A: 8.5 ~520km?, §: 0.00582 ~ 0.04057
40:09 7016

Yoon et al. (2005) 1, =1.08

S(J.l?

Korean, A: ~ 5,000 km?
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A = ot =, 27 - d =gl tie A A=A o] -5
ot TRt Zol A5H 0 2 hashs Pelg 71,
_ L Lt/ K
0= 9)

o714, o= AIZE ol MY /55, K= AFd5olt 91 4]
9] g7} shot noise process 2] FEfLt of-¢- -F-AFSI = 22
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Table 2. Empirical formula for storage coefficient
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oﬂ‘ﬂr. U]'XT”}—‘Z—E-— HAFAe 78w AS 4-8sto] 4Hdst

a%mu} ol = 7MY 7 AR A&7 2=
SHETE Festr] flsfiAolnt. e A 282 ¢ldl
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% o A A AT Aottt A1E 5o, 38 2799

&, A&717H 1R, 108, 602 wfo] HFa7F2 ZH2F0.11

m’/sec, 1.11 m*/sec, 1.11 m*/sec, & FEHFL 66.70 m°,
666.40 m*,3999.90 m* 2.2 AP E| ]} 3 A-frefo] e

Name Empirical formula Characteristics
L . 9
Clark (1945) K=C— Natural river, 4 : 647 ~ 4298 km
Vs
. bL VA .
Linsley (1945) K= VA Modified Clark formula
NG
Laurenson (1962) K=1.034"% -
- « = generally, 0.8 ~ 1.2, Urban, 1.1 ~2.1,
. K=aT
Russell et al. (1979) ot Natural, 1.5 ~ 2.8, Mountain, 8 ~ 12
Sabol (1988) K T
abo [ -
1.46—0.0867(Z*/A)
Yoon and Hong (1995) K=5.294%07 Korean, A: 33.8 ~ 472.5km?
Lee et al. (1997) K=23.924%% Korean, A : 33.8 ~472.5 km?
0.263
Jung (2005) K=1521—07 G010 Korean, A: 8.5 ~520km?, S: 0.00582 ~ 0.04057

Yoon et al. (2005) K—=1.894 1080179

Korean, A: ~ 5,000 km?
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(a) Basin

I —

Manhole

L
Outlet

(b) Sub-basin 3

Fig. 3. Structure of the sub-basin division and the runoff from
sub-basin 3

Table 3. Characteristics of each sub-basin
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Fig. 4. Response function of the shot-noise-process-based rainfall-runoff model at the exit of the sub-basin 3
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Fig. 5. Response function with duration of shot noise model-based rainfall-runoff model in outlet of the basin

Table 4. Peak flow and total volume at the exit of each sub-basin with different rainfall durations

Modified rational method Shot noise model Shot noise model
e Duration (Outlet of the sub-basin) (Outlet of the sub-basin) (Outlet of the basin)
(min) Peak flow Total volume Peak flow Total volume Peak flow Total volume

(m’/sec) (m°) (m*/sec) (m°) (m*/sec) (m°)
1 0.13 225.02 0.13 225.06 0.08 225.03
@ 10 1.25 2,250.18 1.25 2250.63 0.83 2250.61
60 3.75 13,500.00 7.50 13,503.75 5.00 13,502.49
1 0.11 66.67 0.11 66.06 0.07 66.71
@ 10 1.11 665.42 1.11 666.56 0.74 665.79
60 1.11 3,995.78 6.67 4,005.34 4.44 3,998.00
1 0.11 66.67 0.11 66.06 0.04 66.69
©) 10 1.11 665.42 1.11 666.56 0.37 665.61
60 1.11 3,995.78 6.67 4,005.34 222 3,996.89
1 0.13 75.01 0.13 75.07 0.05 75.03
@ 10 1.25 750.06 1.25 750.69 0.50 750.31
60 1.25 4,500.98 7.50 4,503.73 3.00 4,501.48
1 0.11 133.34 0.11 133.39 0.07 133.34
® 10 1.11 1,333.44 1.11 1,333.96 0.74 1,333.77
60 222 7,992.00 6.67 7,995,33 4.44 7,994.22
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Table 5. Summary of rainfall-runoff analysis results using the shot noise process based rainfall-runoff model

(yjww) ajey urey

Unit response function Peak flow (m*/sec)

Peak time (min)

Total flow (m°)

1 min 7.55 64 34,575.29
10 min 8.22 55 34,563.54
60 min 14.04 15 34,559.87
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Table 6. Storm events considered in this study

Basin AWS Storm event Period (year/month/day hour) Duration (hr) | Total rainfall amount (mm)
1 2010/09/21 11:00 ~2010/09/21 23:00 12 276.0
Jungdong Mapo (411)
2 2011/07/26 15:00 ~2011/07/26 22:00 7 139.5
Guro 1 Guro (423) 1 2010/09/21 07:00 ~2011/09/21 22:00 15 229.0
Daerim 2 Guro (423) 1 2010/09/21 07:00 ~2011/09/21 22:00 15 229.0
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considered in this study

Table 7. Major characteristics of the one-minute unit response function of the shot noise process based rainfall-runoff model determined for

each basin
Basin Peak flow (m*/sec) Peak time (min) Total flow (m®)
Jungdong 0.0422 5 26.88
Guro 1 0.0756 20 157.34
Daerim 2 0.0408 5 29.93
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Fig. 12. Comparison of observed, SWMM and simulated runoff hydrographs derived by applying the shot noise process based rainfall-runoff

Jungdong pumping station basin

(a) Event #1 (b) Event #2
Observed Shot noise Observed Shot noise
Peak flow (m*/sec) 5.09 3.95 5.05 5.31
Peak time (min) 150 240 220 220
Total flow (m°) 31,619.88 31,607.40 15,809.70 22,788.37

Guro 1 pumping station basin

Daerim 2 pumping station basin

(c) Event #1 (d) Event #1
Observed Shot noise Observed Shot noise
Peak flow (m*/sec) 18.54 22.48 9.01 6.31
Peak time (min) 720 720 580 590
Total flow (m°) 189,939.90 197,305.98 124,164.30 51,359.82
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