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LUMPING OF THE KINEMATIC WAVE MODEL
FOR STREAM NETWORK SYSTEMS

By Eidichi NAKAKITA, Takuma TAKASAO
and Michiharu SHUBA

Synopsis

The kinematic wave model for stream network systems, which is a distributed runoff model, is
transformed into a lumped runoff model which we call a “reservoir cascade” model.

The reservoir cascade model for stream network systems is obtained through the following
procedure : the stream network is partitioned into a number of sub-networks; the relation between
the discharge at the exit of each sub-network and the storage within the sub-network is determined
by assuming that the water-surface profile can be approximated by that in a steady state; each
sub-network is regarded as a cascade of reservoirs,

To apply the reservoir cascade model to a stream network system we must determine the
number of partitions of the stream network system and the positions of partition points. It is not
easy to do this because of multi-dimensionality and variety of the stream network. So we show
the method to divide the stream network in consistent with the characteristics of the reservoir
cascade model, in which we utilize the geometric pattern function and the structure of the lumping
error in case of the single channel
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Fig. 2 Unification of a stream network to a single channel.
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Fig. 6 An illustration of procedure for Fig. 7 The stream network of the Arakura
dividing into sub-networks. Basin. The segments with underlined
numbers are the most downstream seg-
ments in the networks to which we

apply the reservoir cascade model,
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Table 1 The characteristics of each segment.
stream- stream-
segment | segment |intake area " segment | segment | intake area i
number | length (km?) CORNECUON || humber | length (km?) connection
(km) (km)
1 E 4.3 6. 659 0 0 54 1.6 2. 481 52 53
2 2.0 3.188 0 0 55 3.3 2.013 0 0
3 2.3 2. 520 1 2
4 0.4 0. 253 0 0 56 1.5 2.224 54 55
5 3.7 3. 865 3 4 57 1.0 0. 396 35 56
58 1.1 0. 820 0 0
6 10 1.627 0 0 59 1.5 3. 802 0 0
7 0.2 0.092 5 6 60 0.5 0-715 58 59
8 0.5 0.478 0 0
9 0.8 1.248 7 8 61 2.5 1.552 0 0
10 0.8 0. 624 0 0 62 1.6 1.072 60 61
63 2.4 2.970 0 0
11 0.9 0. 845 0 0 64 2.3 2. 408 0 0
12 0.6 1.949 10 11 65 1.7 0.953 63 64
13 14 1. 976 9 12
14 1.6 2.210 0 0 66 0-4 0. 205 62 65
15 0.5 0. 258 13 14 67 0.9 0. 780 57 66
68 1.3 0. 877 0 0
16 3.4 3.791 0 0 69 2.1 2.031 0 0
17 0-5 0. 306 0 0 70 0.4 0.553 68 69
18 0.9 1.716 16 17
19 0.8 0. 580 0 0| 71 2.0 2.233 67 70
20 4.3 6. 644 18 19 72 0.5 0. 315 0 0
73 0.7 0. 847 0 0
21 0.9 0. 892 15 20 74 4.1 4. 281 72 73
22 1.0 0. 466 0 0 75 3.0 1. 906 0 0
23 0.7 1. 037 0 0
24 0.8 0. 611 22 23 76 15 1. 438 74 75
25 2.3 2.414 21 24 77 0.6 0-733 0 0
78 0.3 0. 678 7 76
26 0.6 0.719 0 0 79 0.3 0.575 0 0
27 0.9 0. 653 0 0 80 0.8 1. 438 8 79
28 0.7 0.232 26 27
29 1.8 1. 685 0 0 81 0.5 0. 440 0 0
30 2.0 2. 447 28 29 82 0.6 0.372 80 81
83 0.7 0. 936 0 0
31 0.6 0. 596 0 0 84 L6 1. 046 82 8
32 1.5 0.912 30 31 85 4.5 4. 998 71 84
33 0.5 0. 884 25 32
34 2.4 2.380 0 0 86 0.8 0. 925 0 0
35 0.8 0.795 3 M4 87 0.1 0. 440 0 0
88 2.8 2.371 8% 87
36 2.1 2.003 0 0 89 2.6 2.291 0 0
37 L1 1.532 0 0 90 2.3 1. 965 8 89
38 1.3 0. 965 36 37
39 1.0 1. 508 0 0 91 0.1 0.031 0 0
40 0.8 0. 498 38 39 92 0.9 1.267 90 91
93 11 1. 486 0 0
41 0.8 1.744 0 0 94 1.1 2.055 0 0
42 0.2 0139 40 41 95 0.4 0. 289 93 94
43 3.0 3.341 0 0
44 0.2 0. 086 42 43 96 1.3 1.791 0 0
45 18 2.607 0 0 97 1.1 1.383 95 96
98 2.3 2,267 92 97
46 ¢ 01 0. 082 44 45 99 1.0 1.798 0 0
47 | 07 1. 147 0 0 100 0.5 0. 727 0 0
48 | L6 1.113 0 0
49 0.3 0. 647 47 48 101 1.5 2. 296 99 100
50 0.2 0. 664 0 0 102 2.0 2.780 101 98
103 19 2. 100 85 102
51 0.8 0. 223 49 50 104 0.6 0. 728 0 0
52 1.6 4.127 46 51 105 1.7 2.213 103 104
53 0.2 0.132 0 0
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Table 2 The characteristics of each stream network to which we apply the
reservoir cascade model.

total length of
network the number | stream-segment | basin area main drainage
number order of segments lengths (km?) stream density?
(km) (km)

105 4 105 140-1 159. 4 29.7 0.88
7 4 71 94.3 108.2 21.6 0.87

67 4 67 88.5 102.5 19.6 0. 86

57 4 57 73.6 87.2 18.7 0.84

33 3 33 45.2 54. 4 16.9 0.83

21 3 21 31.8 41.7 14.1 0.76

98 3 13 16.9 18.6 9.1 0.91

66 3 9 14.0 14.5 4.0 0.97

12 2 3 2.3 3.4 1.5 0.68

18 2 3 4.8 5.8 4.3 0.83

60 2 3 3.1 53 2.0 0.58

74 2 3 53 5.4 4.8 0.98

3 2 3 8.6 12. 4 6.6 0-69

101 2 3 3.0 4.8 2.5 0.63
28 2 3 2.2 1.6 1.6 1.38

65 2 3 | 6.4 6.3 41 1.02

1) drainage density=total stream-segment lengths (km)/basin area (km?
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Fig. 8 The relation between lumping error of single channel and that of network.
The orders of the networks are 4.
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Tig. 9 The relation between lumping error of single channel and that of network.

The orders of the networks are 3.



228

BB RIEEES 8295 B-2 | 61. 4 (1986)

0.60
2 0.50]
-l
£ 0.40
3
N
. 0,304
N

5 0.20-

Err

0.104

Q

The Number of
divisions ¢ 5

~
Se
O3

— T —
1.0 2.0 3.0 4,0 S.0

Non-Dimensional Time

0.60
o 0,50
0.40-

0.30-

Error by Lumpin
[~

(=]
— n
< ? (=1
3

The Number of
divislons 110

Y

——T T T
1.0 2.0 3.0 4.0 S.0

Non-Dimensional Time

The Number of
divislons 15

)

T T T T
) 1.0 2.0 3.0 4.0 5.0

Non-Dimensional Time

single channel
------ network 12
- = - network 18

0.60
gO.SO-
£ 0.40
3 The Number of
= 0.304 dlvisions S
o [}
A
§0-20" ‘
\]
gi0.104  \a.
0 ML T T LI
1.0 2.0 3.0 4.0 5.0
Non-Dimensional Time
0.60
g0.50~
£ 0,40
The Number of
> 030 divisions :10
)
5 0.204
t \\‘
i 0,104
0 ———
1.0 2.0 3.0 4.0 S.0
Non-Dimensional Time
0,60
gO.SOT
2 0.40-
3 The Number of
> 0.304 divisions 15
0
% 0.20-
|4 \
5. \
u 0,104 N\
O
1.0 2.0 3.0 4.0 S.0

Non-Dimensional Time

single channel
------ network 60
- - - network 74

Fig. 10 The relation between lumping error of single channel and that of network.

The orders of the networks are 2.
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The orders of the networks are 2.
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Fig. 12 The unit impulse responce obtained by using the velocity distribution

in a steady state.
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