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Fig. 1 Relationship among f, g and F
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Fig. 2 Caseof h' < d

Fig. 3 Caseof h' > d
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Table 1 Parameter values for single slope simulation

(a) (b) (c)

n @ 3sec] | 0.3 — 0.3
m [-] 1.667 | — | 1.667

k [m/sec] — 0.015 | 0.015
v {-] — 0.4 0.4

D [m] 0.0 00 0.1
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Fig. 4 Calculated discharge hydrographs for single slope simulation ((a) surface flow, (b) subsurface flow, (c)

surface-subsurface flow)
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Fig. 5 Fraction of saturated area
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Fig. 6 Relationship between storage volume and outflow ((a) surface flow, (b) subsurface flow, (c) surface-
subsurface flow)
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Fig. 7 Daido River basin

Fig. 8 Simulated discharge and ob- Fig. 9 Relationship between stor-
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Fig. 13 Spatial correlation function of generated pre-
cipitation field
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Fig. 11 Example of generated precipita-
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Fig. 12 Histogram of precipi-

5.0, § = 0.5, tation intensity

Table 2 Parameter values for precipitation field gen-

eration

case | p (mm/hour) | § | a(m)
1 5.0 1.0 | 500.0
2 5.0 1.0 | 1500.0
3 5.0 0.5 | 500.0
4 5.0 0.5 | 1500.0
5 10.0 1.0 | 500.0
6 10.0 1.0 | 1500.0
7 10.0 0.5 | 500.0
8 10.0 0.5 | 1500.0
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Table 3 Parameter values for generating pfecipita-
tion time series

case | gy [mm/hour] | v [sec]
1 5.0 3600
2 5.0 7200 |,
3 5.0 14400
4 10.0 3600
5 10.0 7200
6 10.0 14400
7 20.0 3600
8 20.0 7200
9 20.0 14400
"530 :ajnlall
325 v =10 mm/hour-
an p=3600 sec |
£
w
10 1
£s
= w Pl
0 40000 80000 120000

time (sec)

Fig. 22 Example of generated precipitation time se-
ries
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Table 4 Topographic quantities of study basins

area slope gradient slope length
[km?®] | average [rad] median [rad] COV | average [m] median [m] COV
A ] 32,99 0.2712 0.2588 0.6533 1561.2 1261.1 0.7433
B | 32.61 0.2610 0.2398 0.7021 1468.7 1196.7 0.6919
C | 32.00 0.3132 0.2977 0.5588 1854.4 1730.1 0.5717
D | 16.11 0.2592 0.2559 0.5995 1394.7 1170.4 0.6939
E | 15.14 0.2312 0.2050 0.7355 1181.2 1019.6 0.6498
F | 14.71 0.2541 0.2414 0.6632 1232.6 1153.5 0.5550
G | 8.050 0.2326 0.2101 0.6857 1259.9 1120.3 0.6525
H | 7.900 0.2643 0.2632 0.5834 1653.5 1519.2 0.6294
I ]| 7835 0.2599 0.2599 0.7629 1236.1 1144.4 0.5476
J | 1.704 0.3048 0.3004 0.5862 970.3 981.0 0.4862
K| 1674 0.2737 0.2693 0.4454 1150.5 1117.2 0.3678
L [ 1.567 0.2060 0.2060 0.7472 1010.2 747.4 0.7798
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Fig. 23 Simulated hydrographs for constant precipitation (upper row: precipitation intensity = 5 mm/hour,
lower row: 20 mm/hour, first column: basin A, 2nd: D, 3rd: G, 4th: J)
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Fig. 24 Lumping error of constant precipitation sim-
ulation
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Fig. 27 Relationship between v and lumping error
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Synopsis

The method to lump a general kinematic wave equation of the slope runoff system is described.
The method is as follows: At first, the basin topography is modeled as a set of slope units using digital
topographic information. From the topographic model, the spatial distribution of the upslope contributing
area is easily obtained. Secondly, the spatial distributions of the discharge and the flow area are calculated
assuming that the rainfall — runoff system is under a steady state. Finally, the storage volume of the
slope system is calculated by spatially integrating the flow area and then the lumped relation between
the storage volume and the outflow discharge is obtained. The flow area can not be always analytically
integrated and some numerical computations are required. Then the technique to reduce the numerical
computations is also given.

Keywords: Lumping, Kinematic wave equation, Digital topographic information, Steady state, Lumping error
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