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OPTIMUM PARAMETERS OF FLOOD RUNOFF MODELS

By Akihiro NAGAI and Mutsumi KADOYA

Synopsis

This paper discusses some properties of the optimum parameters of the two typical flood
runoff models, such as the kinematic model with two parameters and the storage function
model with three parameters. The optimum set of the parameters is identified under the
chi-square criterion of errors by the SP (Standardized Powell) method which is cne of
the mathematical optimization techniques. Both flood runoff models are applied to simulate
hydrographs at the outlets of the Echi mountain river watershed of 108 km?, the Shimokari
hill river watershed of 1.3km? and the Tenjin urban watershed of 2.6km2 Main results
are summarized as follows:

1) From the parameter relating to the flow regime, it has been clarified that the Manning
law is applicable to the kinematic model for flood runoff of peak discharge larger than
4 m3/sec/km?,

2) The optimun parameters of the storage function model are related to the ones of the
kinematic model. The formulae combining them are obtained theoretically under some
assumptions and proved by optimum parameters obtained.

3) The functional expression of trough in the response surface composed of parameters is
given experimentally and theoretically under some assumption. This result suggests
the possibility of the development of the new technique for parameter optimization.
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Fig. 1. Outline of the Echi River Basin. River Fig. 2. Physiographical map of the
channels are the ones in the topographical Shimokari River Basin.
map of 1/25000 scale. Isohyetsl lines show
total rainfall during July, 24-27, 1974.
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Table 1. Outline of floods for runoff analysis.

B Peak Time

Basin Total ; :
, Flood Date Rainfall  (Observatory) Retention ](:)r:fﬂ(}};zge Bg:; of

(km?) (mm) (mm) k)| (min)
R. Echi E, | July, 24-27,1974 | 269 (Areal Mean) 155 6.3 60
(108km?) E, | July, 3-5,1975| 145 ( y ) 97 41 ’
E; | Sept. 8-12,1977 292 ( 4 ) 76 2.6 y

R. Shimokari| St | Jume, 25-27,1969 | 196  (Ooe) 71 7.1 |30, 60
(132kme) | S |Sept. 6-81971| 214  (Areal Mean) 55 4.2 ’
S; | Sept. 16-18,1972 143 (Minegado) 78 5.4 7
R. Tenjin T, | Aug. 21-22,1973 33.5 (Kyoto M.O.) 11.4 11.0 10
(2. 63km2) T, | June, 17-18,1974 125.5 ( ” ) 29.8 14.1 P
Ty | July, 4- 5,1974 46.0 ( 4 ) 22.0 7.2 7
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Fig. 5. Retention curves in the Echi and the Fig. 6. Retention curves in the Tenjin
Shimokari basins. urban basin.
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Table 2. Optimum parameters and errors in the kinematic model
Flood k p Jxs Taz Remarks
(m-sec) (mm/hr) (%)
E, 0. 46 0.58 0.099 15.1 4th-order
E; 0. 46 0.61 0. 065 9.5 watershed
Eg 2.63 0.84 0. 070 13.8 model
S, 4.0 0.68 0. 029 5.0 At=30min
3.7 0.67 0.022 4.6 60
S, 1.9 0.54 0.13 12.2 30
1.3 0. 49 0.12 12.3 60
S, 1.8 0. 62 0.018 4.8 30
1.9 0. 62 0. 016 4.5 60
Ty 0.18 0. 49 0. 095 8.5 tx=0min
0.18 0.57 0. 040 7.0 6
T, 0. 28 0. 62 0. 40 17.6 0
0.25 0.61 0.39 17.3 1
T, 0.34 0. 65 0.12 9.7 0
0.19 0.64 0.10 9.2 8

note: 1) 4¢: time unit of data,
2) tx: assumed time lag of recording chart.
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Table 3. Optimum parameters and errors in the storage function model.

Time Unit of
Flood k P T, Jxs Jee Data, 4t
(mm-hr) (hr) (mm/hr) (%) (min)
E, 6.8 0. 58 0.58 0. 064 10.7 60
E, 6.4 0.61 0. 66 0. 0091 5.1 G
Eg 7.0 0. 89 0. 46 0. 063 13.2 ”
S, 4.6 0. 65 0.32 0. 043 7.0 30
4.9 0.57 0.53 0. 030 6.2 60
S: 7.2 0. 62 0.42 0. 056 6.2 30
9.5 0.52 0.45 0.071 7.3 60
S, 4.1 0. 60 0.21 0.012 3.4 30
4.0 0.55 0. 40 0.013 4.4 60
T, 0.77 0. 47 0. 26 0. 060 7.8 10
T, 1.18 0.52 0.13 0. 43 17.7 ”
T, 0.48 0. 68 0.29 0.12 10.5 4
Ty 0.45 0.71 0.29 0. 087 9.8 s
o s
..:‘25%20 L Areal Average :
-
—— Observed h
IOOOE_ Calculated (u=4) 3
500k ° Kinematic Model ] 3or Error, Jys® (Qg~Qc)/ Qg=20mm/hr. 1.0
C (k=046,p=058%pr] £
S L ® Storage Function i %
g K=68,P-058 @,
2 100 T=088hr o] E
S sofF .
36 o (=]
s [ 5
a 2
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E E 02 y
5K 3 Value of p
X ] Fig. 8. A response surface of the kinematic
L 4 model parameters. (U=4, Flood E,).
| L i
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Fig. 7. An example of simulated hydrographs
at Nyoraido of the Echi River.
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Fig. 10. An example of simulated hydrographs at the outlet of the
Shimokari basin. (Flood S;).
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Fig. 12. Optimum parameters and errors for a given
value of P. (Flood T)).
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Fig. 13. Definitions of the lag time, T, a 02
in the storage function model
and the concentration time, ¢p,
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