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Fig.1  Hypsometric curve. 
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Table 1  Empirical values of geometric quantities
2006
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Fig.2  Hypsometric curves of three stages. 
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Fig.3 Variation of expected value of bifurcation ratio for 
N1, the number of the first order streams 1969 .
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Fig.5 Line of flow after cross-grading of first pair 
of tributary areas Horton 1945 .
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Fig.6 Schematic of making a new stream. 
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Fig.7 Virtual drainage-basins with randomly 
generated streams. 
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Fig.8 Generated virtual drainage-basins with 
constant stream gradient (left: stream 
gradient 0.2, right: stream gradient 0.05 .
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Fig.9 Randomly generated virtual drainage-basins with 
constant steam gradients. upper: stream 
gradient 0.2, lower: stream gradient 0.05

Fig.10 Generated virtual drainage-basin with curving 
stream profile. 
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Fig.11 Virtual drainage-basin with 100 streams. 
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Fig.12 mean values of each ratio above: case st,
below: case hf .
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Fig.13 Distribution of bifurcation ratio of 100 virtual 
drainage-basins. 
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Table 4  Various parameters 
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Fig.14 Three type longitudinal stream profiles. 
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Fig.16
Fig.17

Fig.18

Fig.19

Table 5

Fig.20 50 100
hypsometric

Fig.15  Generated 5 virtual drainage-basins with the 
longitudinal profile A, and 50 streams. 

Fig.16 Generated virtual drainage-basins with 50 
streams(left: longitudinal profile A, middle,: B, right: C .

Fig.17  Generated virtual drainage-basins with 
longitudinal profile A 10 streams, 20 streams, 30 
streams, 40 streams, 50 streams .

Table 5 Mean geometrical quantities of each condition. 
(“hi” is hypsometric integral) 
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Strahler hypsometric Fig.2
hypsometric

hypsometric 1N

1N

Fig.18 Bifurcation ratio in case of longitudinal profile A.
(Vertical axis: bifurcation ratio Horizontal axis order.)

Fig.19 Expectation and variance of bifurcation ratio in 
case of longitudinal profile A. (Horizontal axis: 

the number of generated stream)

Fig.20 Hypsometric curves of 100 virtual drainage-basins with 50 streams ( profile A, profile B, profile C ). 
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Fig.21

1N

Fig.22

Fig.3

Fig.21 Probabilities of the events that trunk number k
becomes to i for given N1, the numbers of first 
order streams (Solid line: theoretical curve, plot: 
virtual drainage-basin). Vertical axis, probability, 
horizontal axis: the number of generated streams.

Fig.22 Relations between bifurcation ratio and stream 
order above: profile A, center: profile B, below: 

profile C . Vertical axis: bifurcation ratio
horizontal axis the order of stream
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Fig.16
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Table 6
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Table 6  Used parameters. 
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Random (M3)
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Fig.23 Distribution of Rl (random method based on 
erosion process and topological randomness). 

Fig.24 Distribution of Ra (random method based on 
erosion process and topological randomness). 
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A Study on Generating Virtual Drainage-Basin based on Erosion Process 
and on Relationship between Geomorphologic Quantity and Runoff Characteristics 

Eiichi NAKAKITA and Shugo MATSUDA* 

*Kansai Electric Power Co. Inc. 

Synopsis 
Generating virtual drainage-basin can be an effective way to understand relationships among 

characteristics of geomorphologic distribution, of rainfall distribution, and of runoff. Here the virtual 
drainage-basin is geomorphologic information of basin which has same geomorphologic characteristics 
with real drainage-basin and can be generated at random. This research proposes a method of generating 
virtual drainage-basin which is based on erosion process in deciding distribution of ground elevation and 
structure of channel network. 

Keywords: virtual drainage-basin, erosion process, geomorphologic quantity, bifurcation ratio,  
  hypsometric curve, law of drainage net composition, law of stream numbers 
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