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AUTOMATIC BUILDING OF A RUNOFF MODEL
OF A NATURAL BASIN TAKING ACCOUNT
OF ITS TOPOGRAPHY

By Takuma Taxasao, Michiharu SuuBa, Yasuto TACHIKAWA
and Masatoshi Y AMAGUCHI

Synopsis

This paper describes the way to build a runoff model automatically taking
account of topography of a natural basin by using digital geometrical data and to
calculate runoff height by this runoff model.

To get such a runoff model, we take two steps. The first is covering a basin
with a mesh. The second is dividing every mesh into triangular elements. By these
elements the topography of the watershed can be represented. We divide this basin
covered with triangular elements into slope elements and calculate runoff height of
every slope element. We regard total of these runoff heights as real runoff height
of this basin.

These methods are applied to the Ara river experimental basin and the Ina river
basin. By the results the availability of these methods can be confirmed.
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Fig. 1. Flow diagram of automatic building of a runoff model.
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Fig. 3. Connection of a atream seg-
ments.
(a) Stream network
{b} Expression of a stream net-
work by a procession
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Fig.5. Triangular element network model of a basin.
(a) Representation of stream course data
(b} Expression of a basin by stream course data
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Fig. 6. Division of a mesh into trian-
gular elements.
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mesh
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{d) The mesh has a outlet of

a basin

{¢) The mesh has a junction
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(a) (b) (c)
Fig. 7. The mesh that needs dividing again.
{a) More than two streams go out the mesh
(b) A stream comes into and goes out the mesh through the same
side
{c) The mesh has more than two junctions
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Fig.8. Algorithm of building a triangular element network model.
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Fig. 9. Triangular element network model of a basin.
- (a) Representation of stream course data
(b) Expression of a basin by stream course data

No. of No. of No. of

Triangle Vertices Adj. Triangles
1 -1 -4 2 4 2 -3
2 3 -1 2 1 5 6
3 6 -4 -11-1 7 6
4 -4 5 2110 1 g

Fig. 10. Expression of connection of
slope elements and a stream

network by a matrix.
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Fig. 11. Calculation of slope from
point A to line L.
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Fig. 12. Relation of slope g and param-
eter ¢.
@ >0
b} .<0

Fig. 13. Algorithm of deciding a basin
divide.
@ : Basin outlet
A : Mountain peak
O : Mountain path

Fig. 14. Division of a slope by the
path of the steepest slope.
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Fig.15. The Ara river experimental
basin.
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Fig. 16. Plane figure of triangular ele-
ment network model of the
Ara river basin.

Fig. 17. Three dimensional view of tri-
angular element network
model of the Ara river basin.
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Fig. 19. Division of the Ara river

basin

into slope elements.
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Fig. 20. The Ina river basin.
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Fig. 21. Plane figure of triangular element network model of the Ina river

basin.
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Fig. 22. Three dimensional view of tri-
angular element network
model of the Ina river basin.
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Fig. 23. Divide of the Ina river basin.
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Fig. 24. Division of the

Ina

river

basin into slope elements.

: Mountain peak
: Mountain path
: Basin outlet

e1OD

stream
. Basin divide
: Stream
: The path of the

: Dividing points on a

steepest

slope dividing a basin

Table 1.

Parameters used in calculat-

ing runoff height of the Ina

river basin

Distange between two divid- 9000.0
ing points on a stream

Number of slope elements 32
Apparent depth of the A-layer| 35.0
Water deficit which needs to

be filled before producing 3.0
subsurface flow

Velosity in the A-layer 27.8
Manning’s roughness efficient| 0.5
Area of the basin 53.29

200

Discharge (m'/s)

(b)

Fig. 25.

Approxiation of a slope ele-
ment by a cone.

(a) Diversing type

(b) Converging type

T

T
N

o L
N &~ o o o
(ayuwy TreguTey

observed

- calculated

T 2
16 32

T g v
4B 64 80

¥ v — T T l’ T
96 112 128 144 (60 176

Time €hr)

Fig. 26. Simulation of a runoff height
in July, 1983.
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