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Fig. 1. Tank model for water balance
in the ground water dam.
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Table 1. Monthly mean evapotranspitration

Month 1 2 3 4 5

6 7 8 9 10 11 12

ET (mm/day) 1.5 1.3 1.5 2.0 3.0

4.0 5.0 5.0 4.0 3.0 2.5 2.0

R(mm)

20.0}

Rain fall
T

500

300}

200

Variation of ground water level

0~Gll ll'['l I I lx T I

—

l

] ‘”' ]

observed

forecast

1 1 L
50 60 70 80 90 100
Number of days

Fig. 2. Observed rainfall and variation of ground water level.
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Fig. 3. Variation of estimated values of
state variable x;(k) and x,(&).
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Fig. 4. Variation of estimated values of
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Fig. 5. Variation of estimated values of
unknown parameters xz(k), xo(k) and x;,(£).
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Summary

This study was carried out to estimate the parameters of water balance mod-
el in the experimental ground water dam in Miyako Island. Miyako is a lime-

stone island with an area of 159 km?,

Its top layer is of 40 m deep of limestone

and underneath it is the impermeable mud stone layer.

This experimental ground water dam was constructed in Minafuku in 1977 and
is 16.5m high, 500m long and has 1.7km? of catchment areca. Now that the
dam is filled up, it is greatly expected that it may sure to enhance future project

of dam of similar nature.

The authors have studied the estimation of ground water level in Miyako Island
using the system-theory. In the report, water balance model of ground water
dam was made and the non-linear smoothing method was used to analyze the
inside state variable (storage depth in model, random noise, and measurement
noise). As the result, detail analysis of the structure of water circulation process
was made clear and possible. However the parameters of this model were approx-

imated and decided by trial method.

In this study, system-theoretic method, the equivalent gain in paticular was
used to determine the parameters of the model. As the precipitation and run-off
phenomenon are non-linear in character, it is difficult to obtain a non-linear filter
which exhibits the precise dynamic character between them.

Its analog is found in non-linear filter theory of system theory where, though
precise mathematical representation of filter equation is possible, it does not mean

precise dynamic characteristic filter representation is also possible.

Hence, in

engineering, instead of non-linear filter, approximate filter is made and often used.
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Likewise, in this study, approximate filter is used to determine the unknown param-
eters.

The analysis show that determination of the unknown parameters could be
made with relatively high accuracy with this method.



