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Fig. 3 An example of rainfall generation using random
cascade theory.
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Fig. 6 Spatial correlation values for rainfall fields.
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Table 1 Spatial correlation values for 10 min rainfall
after Public Works Research Institute (1988).

Correlation Distance at corre-
value at 18km lation value with
distance 0.5

Typhoon 0.54 22 km

Front 0.51 18 km

Depression 0.46 16 km
Thunderstorm  0.22 6 km
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Fig. 7 Process to include spatial correlation structure
into random cascade.
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6 observed at 23:40 on September 18, 1991 and
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Table 2 Condition settings of spatial correlation at grid size and correlation length for each disaggregation level
to include spatial correlation structure for random cascade. (Grid size at each level is Level 3 : 24 km,

Level 4 : 12 km, Level 5 : 6 km, Level 6 : 3 km.)

Case

corre. value at each level

corre. length (km)

Case . corre. value at cach level  corre. length (km)

4 5 6 3 4 5 6 4 5 6 3 4 5 6
1 0.55 0.60 065 070 45 40 35 30 21 0.45 050 055 0.60 45 40 35 30
2 40 35 30 25 22 40 35 30 25
3 35 30 25 20 23 35 30 25 20
4 30 25 20 15 24 30 25 20 15
5 0 0 0 0 25 0 0 0 0
6 0.55 0.60 065 0.65 45 40 35 30 26 0.45 050 055 055 45 40 35 30
7 40 35 30 25 27 40 35 30 25
8 35 30 25 20 28 35 30 25 20
9 30 25 20 15 29 30 25 20 15
10 0 0 0 0 30 0 0 0 0
11 0.50 0.55 060 0.65 45 40 35 30 31 0.40 0.45 050 055 45 40 35 30
12 40 35 30 25 32 40 35 30 25
13 35 30 25 20 33 35 30 25 20
14 30 25 20 15 34 30 25 20 15
15 0 0 0 0 35 0 0 0 0
16 0.50 0.55 060 0.60 45 40 35 30 36 040 045 050 050 45 40 35 30
17 40 35 30 25 37 40 35 30 25
18 35 30 25 20 38 35 30 25 20
19 30 25 20 15 39 30 25 20 15
20 0 0 0 0 40 0 0 0 0

Table 3 Numbers of successfully generated rainfall for
conditions in Table 2.

No. of Average No. of Average
Case gener- rainfall Case gener- rainfall
ation (mm/hr) ation (mm/hr)

1 4 2.80 21 0 -

2 8 2.73 22 4 2.54

3 12 2.50 23 18 1.96

4 30 2.47 24 63 2.79

5 30 1.97 25 434 3.69

6 8 3.05 26 4 2.65

7 19 2.87 27 8 2.63

8 45 2.87 28 21 2.38

9 135 3.05 29 53 2.74

10 232 3.20 30 484 3.89

11 4 1.46 31 0 -

12 9 2.03 32 4 2.21

13 18 2.44 33 31 2.44

14 68 2.85 34 52 2.44

15 214 2.93 35 491 3.67
16 4 2.40 36 3 2.90

17 10 2.55 37 15 2.25

18 37 2.64 38 21 2.11

19 68 2.62 39 62 2.72

20 398 3.75 40 493 3.66
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Fig. 9 Rainfall filed generatoion for typhoon events.
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Fig. 11 Time variations of translation vector parameters of the typhoon event from 16:45 on September 18 to
9:00 on September 19 in 1991.
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Fig. 12 Time variations of translation vector parameters of the frontal event from 23:45 on August 13 to 16:00
on August 15 in 1993.
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Fig. 13 Time variations of translation vector parameters, trend and translation vector parameters subtracting
trend of the typhoon event from 16:45 on September 18 to 9:00 on September 19 in 1991.
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Fig. 16 Time variation of the values of translation vector parameters calculated using radar ovserved rainfall and
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Fig. 18 Time variation of the values of translation vector parameters calculated using generated rainfall with
VAR(1) model and the translation model for a typhoon event from 1:00 to 2:00 on September 19, 1991.
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Fig. 20 Time variation of the values of translation vector parameters calculated using generated rainfall with
VAR(5) model and the translation model for a typhoon event from 1:00 to 2:00 on September 19, 1991.
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Fig. 21 Time variation of translation vector calculated using generated rainfall with VAR(5) model and the
translation model for a typhoon event from 1:00 to 2:00 on September 19, 1991.
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Fig. 23 Generated time series of a typhoon rainfall field using the translation model. The initial rainfall filed is
generated using the random cascade and the translation vector is simulated using VAR(5) model from

1:00 to 2:00 on September 19, 1991.
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for a frontal event from 6:00 to 7:00 on August 14, 1993.
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Fig. 29 Time variation of the values of translation vector parameters calculated using generated rainfall with
VAR(7) model and the translation model for a frontal event from 6:00 to 7:00 on August 14, 1993.
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Fig. 30 Time variation of translation vector calculated using generated rainfall with VAR(7) model and the
translation model for a frontal event from 6:00 to 7:00 on August 14, 1993.
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Fig. 31 Generated time series of a frontal rainfall field using the translation model. The initial rainfall filed is
generated using the random cascade and the translation vector is simulated using VAR(1) model from
6:00 to 7:00 on August 14, 1993.
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Fig. 32 Generated time series of a frontal rainfall field using the translation model. The initial rainfall filed is
generated using the random cascade and the translation vector is simulated using VAR(7) model from
6:00 to 7:00 on August 14, 1993.
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Development of a method for design rainfall generation considering time and space

rainfall distribution

Yasuto TACHIKAWA, Masahiro HIWASA* and Kaoru TAKARA
*Graduate School of Civil Engineering, Kyoto University

Synopsis

A method for design rainfall generation considering time and space rainfall distribution is proposed. A
random cascade model is newly devised to simulate an initial rainfall field, in which a space correlation
structure of a rainfall distribution is incorporated. Then the initial rainfall field is moved using a transla-
tion model. The translation vectors are modeled with a vector auto regressive model (VAR model). The
VAR model is developed using translation vectors obtained with the translation model and radar rainfall
data. Finally, realizations of time series of rainfall fields are demonstrated.

Keywords: design rainfall, random cascade model, vector auto regressive model, translation model,
distributed rainfall-runoff model



