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Derivation of the Instantaneous Unit Hydrograph and Estimation of the

Direct Runoff by Using the Geomorphologic Parameters

T - & - IR 23 e
Chun, Man Bog *Suh, Seung Duk

Summary

The purpose of this study is to estimate the flood discharge and runoff volume at a stream
by using geomorphologic parameters obtained from the topographic maps following the law
of stream classification and ordering by Horton and Strahler.

The present model is modified from Cheng’s model which derives the geomorphologic
instantaneous unit hydrograph. The present model uses the results of Laplace transformation
and convolution intergral of probability density function of the travel time at each state.

The stream flow velocity parameters are determined as a function of the rainfall intensity,
and the effective rainfall is calculated by the SCS method.

The total direct runoff volume until the time to peak is estimated by assuming a triangular
hydrograph. The model is used to estimate the time to peak, the flood discharge, and the
direct runoff at Andong, Imha. Geomchon, and Sunsan basin in the Nakdong River system.
The results of the model application are as follows :

1. For each basin, as the rainfall intensity doubles form 1 mm/h to 2 mm/h with the same
rainfall duration of 1 hour, the hydrographs show that the runoff volume doubles while the
duration of the base flow and the time to peak are the same. This aggrees with the theory
of the unit hydrograph. ‘

2. Comparisions of the model predicted and observed values show that small relative errors
0of 0.44—7.4% of the flood discharge, and 1 hour difference in time to peak except the Geomchon

basin which shows 10.32% and 2 hours, respectively.
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3. When the rainfall intensity is small, the error of flood discharge estimated by using this

model is relatively large. The reason of this might be because of introducing the flood velocity

concept in the stream flow velocity.

4. Total direct runoff volume until the time to peak estimated by using this model has

small relative error comparing with the observed data.

5. The sensitivity analysis of velocity parameters to flood discharge shows that the flood

discharge is sensitive to the velocity coefficient while it is insensitive to the ratio of arrival

time of moving portion to that of storage portion of a stream and to the ratio of arrival time

of stream to that of overland flow.
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Table-1. Geomorphologic data for each Basin.

Factor Number Mean Mean Mean Ratio of Main Total
Order of Stream Stream Area Drainage Stream Area
Basin Stream | Length(km) | Slope (km?) Area |Length(km)| (km?)
1 56 5.64 0.0470 16.16 0.5612
An- 2 13 6.92 0.0120 17.15 0.1382 16000 | 1 612 50
dong 3 2 52.25 0.0061 95.91 0.1196 ' e
4 1 66.50 0.0014 291.95 0.1810
1 165 3.54 0.0442 751 0.6310
2 31 6.05 0.0113 11.98 0.1890
Imha 105.35 1,964.80
3 6 25.12 0.0041 37.33 0.1140
o 4 1 59.50 0.0014 129.68 0.0660
1 123 3.38 0.0700 5.08 0.6380
Sun- 2 28 4.53 0.0151 7.24 0.2070
70.25 979.35
san 3 12.60 0.0073 21.21 0.1080
4 23.50 0.0017 45.68 0.0470
1 71 3.20 0.0859 4.99 0.6359
Geom- 2 13 4.61 0.0158 7.36 0.1715
55.75 568.01
chon 3 3 12.38 0.0057 20.53 0.1104
4 1 25.30 0.0020 45.85 0.0822
Ly

1
Basin a'rea: A
)
|
i
{
|
1

Outlet

Fig. 6. Schematic representation of the ba-
sin.
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Table-2. Branching ratio of each basin.

Basin Pz

P13 PM PZB PZ4 P.’M
Andong 0.59 0.35 0.06 0.81 0.19 1
Imha 0.81 0.12 0.17 0.83 0.17 1
Sunsan 0.76 0.22 0.02 0.88 0.12 1
Geomchon 0.67 0.25 0.08 0.75 0.25 1
L, HAEH 2) HKE Y HKEERE

HAERT o RN, BAOERERY B3
Beffle) Ahez #kE 2 BUKIERR, &
KBRS REIZL A o foRpfR MRl FHE S
SRl

Ci 204 2 R

1) BrvsaEc] o2 ENE

AR RHEERS B -3hA 1RsRle R s,
BHRRE S &% 1mm/h, 2mm/hZ RS 7
S, e oA Jehde Hol e B
7EE fFaksle AEREY BHS AR
=
Fig. 7~10°14 Yeld vhe} o), m—iftik
ol A BEFIRE 7} 2f% 2 F7Hg ol whet % RefE Al
mHiel A7z 252 S HRERHERT gt
KEGERFR2 F—3HAl JER, 7R Fok
Rimd —HIFS ¢ 5 A

' E R(mm/b)

(=g

. R=2mm/h

E Ri=1mm/h
2 10t .
_‘E
%
z
0 10 20 30 40 50 60
Time(hr.)
Fig. 7. Hydrograph for each rainfall intensity
at Andong.
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Table-3. Comparision of estimated value with observed value of peak runoff and peak time.

Item Peak time Peak runoff Relative
Date (hour) (T,) (m*/sec) (Q,) Absolute | error(%) | E-R
Observed | Estimated | Observed | Estimated error | (Oq-Eq)/ | Intensity
Basin (ov )] (0q) (Eq) (0g-Eq) | 0g%X100 | (mm/h)
Andong ’87.7.16 13 13 1,942.92 185891 8301 425 6.63
’88.7.12 31 32 1,038.43 983.97 54.51 525 3.26
Imha '87.7.16 15 14 2,662.12 2,673.93 1181 0,44 6.68
Geom- s
87.7.14 17 15 78.57 86.68 8.11 10.32 161
chon
Sunsan ’87.7.16 11 12 2,269.32 2,185.58 83.74 3.69 741
’88.7.15 12 | 13 688.65 637.68 50.97 7.40 394
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