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Many models have been proposed for modeling overland flow on a plane subject to a
lateral inflow or rainfall. Typical models are the St.Venant model and its related models
such as kinematic, diffusion and gravity, which are obtained from the St.Venant equations
and the lumped runoff model, the storage function model.

In chapter one of this study, the gain characteristics of storage function model and
kinematic wave model have been obtained. Also the non-dimensional form of St.Venant
equation was derived from its dimensional form through the normalizing parameters.

In chapter two, an extended form of the ordinary frequency response method, called
the equivalent frequency response method (EFRM) is introduced to evaluate the output from
non-linear runoff models. The gain, time lag, and impulse response function were obtained
by EFRM for St.Venant equation and its related models with two different lower boundary
conditions: (1) ciritcal flow; (2) zero depth gradient, and sinusoidal rainfall

The study shows that as the average rainfall increases, the gain increases and time lag
function decrease. This phenomenon indicates that runoff from each model approaches its
rainfall input and f;he equivalent frequency transfer function approaches the unit impulse
function as the average rainfall increases.

In chapter three, a new criterion, based on the obtained impulse response function, is
presented as the limit at which kinematic, diffusion, and gravity wave solutions cease to be
good approximations for the St.Venant equation for a range of 0 < Fy 2 and 0<K <20,
referred to as the Froude number and kinematic wéve number respectively with two
different lower boundary conditions.

In previous works, the goodness of these models have been discussed before by
Woolhiser and Liggett (1967), Morris and Woolhiser (1980), and Daluz Vieira (1983) for
the dimensionless rising hydrographs under the assumption of constant rainfall, however,
this assumption is impractical, because it doesn’t consider arbitrary or step function rainfall.

The validity of the new criterion was cross-checked by two relative errors: (1) peak



discharge; (2) time to peak. The validity diagrams show that for K > 9, the diffusion and
kinematic zones are very similar irrespective of their lower boundary conditions. It is also
concluded that for high rainfall intensities, kinematic wave model might be applicable only
for large values of Fy,and K, and St.Venant is a dominant modelin Fj-K field and vice
versa. A

In chapter four, the same EFRM technique was extended to obtain the equivalent
frequency transfer function between the input or rainfall and the output or runoff from any
arbitrary river network. River network is a multi elements (lots of slopes and channels), and
dimensional structure.

Considering a mountainous region as an object of our study, kinematic wave model can
be adopted for both slopes and channels. And a general equivalent frequency transfer
function equation for any arbitrary river network was defined. The obtained equivalent
frequency transfer function’s results were checked by a simulation method, in which a
sinusoidal input was generated, and the gain and time function were calculated numerically
between both the sinusoidal input and output peaks.

In chapter ﬁve, an approximate method for the EFRM was introduced. The equivalent
frequency transfer function’s vector locus sﬁggests a second order differential equation as an
approximate model, and the theoretical process for obtaining the approximate model’s
parameters f;, f, from the equivalent frequency transfer function was proposed. A
comparison between the EFRM’ s solutions and the approximate model’s ones show a good
agreement.

In chapter six, a simplified form of the catchment basin, based on eliminating the
differences in slopes’ and channels’ lengths and cross sectioﬁs, was assumed and its
governing equations were defined.

The conception of EFRM, and the equivalent frequency transfer function between
rainfall and runoff from real hydrological data have been held at Rumoi, Shiribeshi, and
Kushiro rivers in Hokkaido.

f1, f, are functions of slope’s and channel’s concentration time and cross section, and
the effect of changing these variableson f;, f, were studied.

Moreover, new values were extracted from the parameters f;, f, after excluding the
effect of rainfall intensity. Our results prove that the new values are more precise than the
parameters fi, f,. In other words, new values which are only fuhction of topographical
data were introduce to analyze runoff characteristics.

Herein only kinematic wave model was adopted for runoff analysis. However this
approach suggests the possibility of the application of other models. For example if diffusion
wave model to be applied for channels, the second order differential equation between input
and output that leads to the equivalent frequency transfer function, will remain the same,

and EFRM can be extended to other models.



In brief, this study proposes a new approach using the EFRM for analyzing runoff models.

Also it suggests the possibility of predicting runoff characteristics based on topographical
data only.
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