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Study on the Synthesis of the Storage Function Model on the Basis of Overland

Flow Characteristics

Summary

This study aims to clarify the physical and statistical characteristics of parameters of the
storage function model which is one of the representative flood runoff models in Japan,
and to synthesize the storage function modél considering the watershed characteristics in
order to enhance the applicability of the model to the distributed style.

The contents of this study are summarized as follows:

Chapter 1 describes the background of this study. The development and “or land-use
change of a watershed such as urbanization is being accelerated in many places in Japan, re-
cently. Although the establishment of the methodology for predicting runoff changes due to
land development is of urgent necessity, many problems on structure and, or parameters
of the runoff model are left unsclved yet. As an approach to these problems, the author
intends to examine the physical and statistical characteristics of parameters of the storage
function model, and then, to expand the applicability of this model to a watershed with
various land use conditions.

Chapter 2 deals with an experimental study on the flow regimes, putting emphasis upon
the resistance law of shallow water flow on the slope, in order to give a basis of dis-
cussions on the construction of the runoff model and the meaning of model parameters in
the following chapters.

Namely, the experiments assuming various runoff phenomena are made on the slope
surfaces of four types, a smooth surface, an uneven surface, an artificial turf and a gravel
layer, under the condition of a constant rainfall or a steady inflow. The results are sum-

marized as follows:
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1) The flow through a partial water path over a smooth surface is a laminar flow. How-
ever, if the water depth of the flow is evaluated by the equivalent depth, which is defined
as the depth for the thin sheet flow all over the slope, the flow is regarded as a turbulent
flow.

2) The flow over an uneven surface is also regarded as a laminar flow for the depth av-
eraged simply over the slope. However, the flow must be considered as a turbulent flow
for the effective depth which is defined as subtraction of depression and “or wedge storage
from the actual depth.

3) The high flow on a turf surface is a laminar flow, but the Darcy law is applicable to
a low flow lower than the height of the turf and the Manning law to the exceeded flow
over the top of the turf.

4) The flow in a gravel layer is also regarded as a Darcy flow.

5) The effect of depression and “or wedge storage must be taken into consideration for
the analysis of runoff from a slope, except the case of smooth surface.

In chapter 3, the author discusses the meaning of parameters of the kinematic runoff
model and that of the storage function model, from the viewpoints of quasi-hydraulics
and or physical-hydrology.

The equation, h=kq®, is generally used in the kinematic runoff model to express the
relation between depth, h, and discharge, q, of a two-dimensional overland flow. An ex-
ponent p of this equation has hitherto been believed to be governed by the state of flow
such as p=1,3 for laminar flow and p=3,5 for turbulent flow. The foregoing conception
is fundamentally the same as in the storage function model.

However, the two-dimensional overland flow is a hypothetical flow obtained by mode-
ling the actual rainwater flows along rills. Therefore, the value of p is considered to be
different naturally from those for a laminar or turbulent flow.

First, the sectional characteristics of rills in the natural slope are investigated in detail.
Next, how the depth-discharge relation changes is examined when a shallow flow of
laminar or turbulent state along the rill over a slope surface is transformed into a imaginal
sheet plane flow over the full-width of the rill or the whole-width of the slope surface
under a given rate of rainfall.

As a result, it was disclosed that the value of p varies outwardly from 1,73 to 0.40~
0.53 for laminar flow and from 3,5 to 0.67~0.75 for turbulent flow, and that we may
assume p=0.5~0.7=0.6 from the view point of engineering practice.

The foregoing results seem to support the hypothesis that the flow over a slope is
regarded as the Manning flow. However, it was clarified that the contents mentioned above

differs quitely from the description which has ever been recognized for the flow regimes
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over a slope.

Chapter 4 treats the effect of land use conditions on flood runoff characteristics, and
moreover, the possibility of the simplification of the watershed model for applying the
kinematic runoff model. In this study, the author uses the flood data observed during
almost five years in the experimental basin including three plots of woodlands (0.072km?),
golflinks (0.037km?), and a playground (0.074km?), and examines the flood runoff chérac~
teristics in each sub-basin comparatively, such as the time of flood concentration, the coeffi-
cient of peak runoff, and the equivalent roughness of the kinematic runoff model.

The results are summarized as follows:

1) In applying the kinematic runoff model, the watershed is able to be simplified to 1 or
2 blocks. This result suggests that the storage function model, which is the lumped type

fundamentally, can be used as the distributed type like the kinematic runoff model.

2) By the change of land use from woodlands to golflinks, a baseball ground or a
playground, the concentration time is reduced to 3,4~1,2, and the coefficient of peak
runoff increases several times.

3) The rainwater flow over a slope is able to be simulated by applying the kinematic
runoff model of the Manning type to any land use.

4) The optimal value of the equivalent roughness (m~7%.s) is as follows:

1.0 for woodlands, 0.2~0.3 for golflinks
0.3~0.5 for upland fields, 0.03~0.05 for a playground
0.1 for housing areas including bare and grassy lands.

In chapter 5, the author examines, quasi-theoretically and, “or statistically, the meaning
and characteristics of parameters of the storage function model defined by the following eq-

uations,
t-T 't
S,=KQ", S, = fo fredt— fOth

In which, S, is the hypothetical storage depth of rainwater over a watershed considering
the time lag T, between rainfall excess re and flood runoff discharge Q.

First, the parameters of the storage function model are discussed quasi-theoretically by
utilizing the equational analogy between the storage function model and the kinematic
runoff model. Next, the optimal parameters for 89 floods in the 22 watersheds with
various land use are identified by applying a mathematical optimization technique in order
to examine the statistical characteristics of these parameters.

The results obtained are as follows:

1) The meaning of the parameter P in the storage function model is equivalent to that of
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the parameter p representing flow regimes over a slope in the kinematic runoff model.
The optimal value of the parameter P varies widely in 0.4~0.8, but most are in the
range of 0.5~0.7, so that the parameter P is allowed to be fixed at 0.6.
This fact supports the results which are theoretically discussed in chapter 3.
2) The parameter K(mm-h unit) is expressed by the parameter k(m-s unit) in the
kinematic runoff model and the basin area A(km?), as follows:
K=2.5kA0-2
3) The expression of the lag time T,(h) is shown with the parameter k(mm-h unit), the
basin area A(km?), and the effective rainfall re(mm/h).
Mountainous area: T,=0.5kA0-24r70.4
Developing and “or urbanized area:  T,=2.2kA0-24r;0.4

These expressions have the merit in that people can use the standard values for the k
classified accoding to land use conditions. On the other hand, this would be a demerit in
that the parameter k and the lag time T, must be decided by the the parameter k in the
kinematic runoff model.

In Chapter 6, the author proposes and verifies simplified expressionsfor estimating the
parameters in the storage function model in view of geomorphology in a watershed, and
moreover proposes the method to use these expressions as the distributed model, and lastly
examines the validity of its method and the expressions.

The simplified expressions for the parameters in the storage function model are as follows.

1) P=0.6

2) K=pA%"
Mountainous area: =5
Developing and,/or semi-urbanized area: =1
Urbanized are: =0.5
3)T,= v A-14pg0s
Mountainous area: r=1
Developing and,“or semi-urbanized area: =1
Urbanized area: =0.5

In the above equation, K: mm~h unit, T,: h unit, A: watershed area (km?), re: effec-
tive rainfall intensity(mm_~h).

In this study, the author aimed at examining the meaning of parameters in the storage
function model physically or statistically, and establishing the practical and rational method
to apply the storage function model to the watersheds with various land use conditions.

First, the author experimentally examined the flow regimes for a flow over the slope.

Next, considering the experimental results, the author discussed the characteristics of
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parameters in the storage function model, and derived the equations for estimating the model
parameters geomorphologically. This is the proposal of the synthetic storage function model.
Lastly, the author described the applicability and adaptability of the proposed synthetic
storage function model. ‘
The author believes that, although the proposed equations could be modified by using
many reliable flood data in the future, the estimated value by the proposed equations woul-

d have only minor discrepancy with one by modified forms, if any.
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