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STORAGE MODEL FOR ANALYZING FLOOD AND LONG TERM
RUNOFF AND ITS OPTIMUM IDENTIFICATION

By Akihiro NAGAL and Mutsumi KADOYA

Synopsis

A storage model for analyzing both flood and long term runoff is developed as a clue for
estimating the effective rainfall in the flood runoff analysis. The model is examined and improved
step by step. The model, M,, expected to be the best form is composed of three tanks. The
upper tank of the model has three runoff holes, each of which corresponds to surface runoff of the
Manning’s type, prompt and delayed subsurface runoff of linear type, respectively. Each of the
middle and lower tanks has one runoff hole corresponding to short and long term groundwater
runoff, respectively. In the upper tank, the infiltration rate of rain water is assumed to be
propotional to the effective porosity of subsurface soil. This assumption allows the existence of
the Horton’s infiltration theory under the some special condition.

The applicability of the model is examined for the data observed at the Kama Valley basin for
the period of 1975-1982, the first four years® data of which are used for the identification of the
model parameters and the rest for the runoff forecasting. For the identification of the parameters,
the SP method which is one of the mathematical optimization techniques is applied under the chi-
square criterion of errors. The model shows good agreement with observed hydrographs for
both flood and long term runoff in the forecasting period.
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Table I Simulation errors for daily runoff depth
[upper row: Jyxs: mm/d, lower brackets row: (Jzz: %)l

Identification Period Forecasting Period
1975 1976 1977 1978 Mean | 1979 1980 1981 1982 Mean

A E* 12 ] 0.358 0.239 0.256 0313 0.293 | 0300 0.299 0.286 0.240 0.281
2 1 27.6) (22.1) (37.3) (37.6) (30.5) | (36.8) (29.6) (34.7) (35.0) (34.0)

” Es », | 0378 0244 0229 0321 0295 | 0275 0324 0.297 0.226 0.281
344 (31.5) (244) (33.0) (39.7) (3L.7)| (36.5) (30.5) (36.1) (32.1) (33.8)

Model | E, n

C Ev 12| 0312 0193 0.223  0.247 0.246 | 0.279 0.260 0.272 0.188 0.250
2 ' (23.1) (18.5) (31.2) (34.1) (26.1) | 34.1) (21.5) (32.5) (28.6) (29.2)

” E: , | 0326 0196 0236 0297 0264 | 0317 0285 0.291 0.204 0.274
3le (23.5) (19.4) (32.8) (39.8) (28.1) | (39.8) (24.2) (352) (31.0) (32.6)

H Ef. | 13| 0322 0.183 0.161 0.171 0.215 | 0.227 0.305 0.184 0.185 0.225
2 3 27.7) (184) (23.0) (26.8) (23.9) | (29.3) (27.2) (25.1) (28.9) (27.6)

" » |14 0258 0.183 0.170 0.207 0.206 | 0.253 0.271 0.177 0.194 0.223
28 22.8) (19.D) (26.3) (33.7) (249 | (32.0) (244 (272) (302) (28.4)

M E, | 14 0.242 0.181 0.169 0.208 0.201 | 0.240 0.247 0.182 0.175 0.211
3 314 (20.7) (18.6) (262) (33.4) (24.1) | (30.8) (21.9) (274) (28.0) (27.0)

N Ev 13 | 0.296 0.217 0212 0.195 0.234 | 0257 0.269 0.263 0.196 0.246
2 N 23.1) (20.7) (31.2) (317D (262) | (32.1) (23.9) (34.1) (302) (30.0)

s lEe. |, |0326 0226 0204 0.187 0242|0277 0281 0258 0203 0.255
sre (40) (22.8) (l3) (24) (272) | (362) (253) (344 (31.8) (31.9)

o. Ev 14 0.242 0.196 0.154 0.183 0.196 | 0.208 0.240 0.188 0.175 0.203
3 ! (20.9) (18.6) (25.5) (31.2) (23.5) | (25.0) (19.8) (27.0) (26.8) (24.7)

” E: , | 0268 0200 0.152 0.188 0.206 | 0.239 0.258 0.191 0.177 0.216

314 21.8) (20.1) (254 (L7 (43)| 30.7) (224) (28.2) (28.3) (27.4)

Suga-
ward’s | pios | o 0.454 0469 0.321 0257 0.385 | 0.398 0.703 0.292 0.382 0.444

tan(]ics‘ 34 (27.8) (26.4) (33.9) (27.9) (28.9) | 30.1) (27.6) (31.0) (33.4) (30.5)
mode

Note: n means number of unknown parameters.
E*® means that evapotranspiration is subtracted from the upper tank as a function of the
soil moisture content ¢ defined by Eq. (14-2) in which « is a constant.
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Fig. 10 An example of simulated hydrograph for flood runoff (Model M;).

.._9_.



270 FORB ERFRBER 5 26 5 B-2 (11 58.4)
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C ‘ —— Observed (V. Kama)
°°°°° Calculoted

(mmehy
-8 8 o

Rainfoll

B
°o

Discharge (m¥s)

i
0.002
[¢]
OJune 8,1976 9 10 N 2

Fig. 11 The worst example of simulated hydrograph for flood runoff (Model My).
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