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A STATISTICAL ANALYSIS OF TIME AND SPACE DISTRIBUTION OF RAIN-
FALL CONSIDERING ITS METEOROLOGICAL TYPE

By Hiroshi YAJiMA and Shuichi IKEBUCHI

Synopsis

Recently in Japan, especially in very urbanized area, a small or middle size river
(the catchment size is about less than 200 km?) is confronted with the danger of flood-
ing because of its short run-off time and high run-off ratio. But in river planning, it is
not so easy to deal with these rivers. This is mainly due to two reasons; (1) run-off
mechanism in urbanized area is very complicated because of the sewerage system (2)
heavy rainfall sometimes occurs in small area and short time, so the characteristic of
time and space distribution of rainfall is not well known.

In this paper we study about the the time and space distribution of rainfall in
urbanized area around Osaka using the data of rader raingage. We first categorize rain-
fall data into four types; typhoon, frontal, low and thunder rainfalls. Then for each
rainfall type we analyze the DAD (duration, area and depth) of rainfall and calculate
the orientation of rainfall field and shape ratio (the ratio of major axis to minor axis)
assumig the shape is an ellipse. And we also apply the cluster analysis to divide rain-
falls into a few typical types of group using the result of DAD analysis.
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Table 1 Selected rainfalls by using AMeDAS data.

1) Maximum 1-hour Rainfall (24-hour rainfall) (mm) 2)
No Date Minoco Hirakata |Toyonaka Osaka Sakai Kawachi Rainfall
Nagano type

*1 | 82.07.11 34 (76) 7 27 7 (28) 4 (20) 4 (A7) 3 (an

2 | 82.08.01 13 (92) 16 (134) 10 (76) 16 (102) 14 (116) 33 (213)

3 | 82.08.03 4 (16) 18 (56) 19 (31) 22 (85) 36 (163) 31 (143)
*4 | 82.08.08 26 (28) 0 (0 38 (56) 11 (13) 19 (22) 1 3

5 | 82.08.09 5 (8| 54 8) | 7 (12 1 @ 0o | 7 ®

6 | 82.08.10 0 (0) 30 (38 0 (0 0 (0 9 (10) 0 (0

7 | 83.07.05 17 (53) 22 (60) 32 (81) 21 (73) 25 (68) 39 (73)

8 | 83.08.21 33 (47) 48 (49) 0 (0 ()} 0 © 3 (5

9 | 83.09.01 17 (29) 31 (35) 14 (16) 1 @ 1 M 0 (0

10 |83.09.28 | 30(259) | 15Q11) | 32(272) | 21(149) | 25
11 | 84.06.20 15 (32) | 41 (52) | 19 (30) | 14 (25) | 16
12 | 84.06.27 9 (18) | 13 (27)| 36 (49) | 30 (49) | 18
13 | 84.07.12 16 (17) 0 (0| 18 32| 37 39| 11
14 | 85.06.22 29 (58) | 26 (83) | 21 (49) | 33 (51) | 15 (33) 8 (26)

( 25 (96)

(

(

E
*15 | 85.06.25 | 14 (121) | 12 (40) | 9 (85) | 17 (93) | 32 (1(17) 17 (64)

(

(

(

)

)| 7 (22
)| 8 (29)
)| 24 (27)

16 |86.07.10 | 36 (60) | 28 (53) | 14 (33) | 11 (15) 5 (33)
17 1 86.07.21 | 34 (70) | 31(137) | 10 (32) | 22 (43) | 40 )
18 | 86.08.22 | 12 (17) 3 @3 7 (8] 30 (55)| 10 ©0)
19 | 87.08.05 | 13 (15) 8 (11) | 30 (32) | 23 (24) | 22 (44)

=
(=]
=
N
-~

[o%)
<
=
oo
O 00O WD

20 187.08.18 | 11 (23) | 16 (42) | 34 (36) 1 @ 5 (7) )
21 | 87.09.11 0 O 16 (22 1 Q1 35 (51 9 (15) 6 (14)
22 | 88.07.16 | 25 (46) | 33 (72) | 20 (43) | 26 (50) 3 (6 2 (@
23 | 88.08.05 0 (0 31 (34 0 (0 0 (0 0 (0 1 Q)
24 | 88.08.17 0 (0 0 (0 1 Q) 1 Q) 0 (0| 41 (6
25 | 88.08.19 0 0 (0| 34 (45) 0 (O 1 0 (0)
26 | 88.08.24 | 22 (36) 8 (9| 51 (53) 5 (6)] 74 (98) | 13 (19)
27 | 88.08.25 0 (0 7 1 (1 3 | 30 (32 8 (10)
28 | 88.09.03 0 (0 (1)) 2 (2] 31 (38 1 © 0
29 | 88.09.11 | 10 (10) | 51 (53) 8 (® | 15 (16) 0 (0 1 @
30 |89.08.27 | 15 (76) | 31 (95) | 16 (68) | 20 (67) | 13 (45) | 21 (48)
*31 189.09.03 | 33(175) | 21(149) | 24 (151) | 22 (174) | 35(159) | 27 (125)

32 |89.09.06 | 10 (18) | 34 (56) | 13 (23) 7 (23) 9 (18) | 16 (26)
33 |89.09.14 | 41 (87) | 30 (49) | 44 (124) | 23 (37) 4 @® 2
34 | 89.09.19 17 (76) | 12 (68) | 16 (48) | 29 (97) | 41(124) | 36 (132)
35 | 90.02.11 25 (51) | 22 (53) | 30 (45) | 11 (31) 9 (33) | 18 (55)
*36 | 90.07.12 | 26 (68) | 46 (72) | 28 (56) | 26 (80) | 12 (36) | 11 (19)
37 1 90.09.13 2 (0] 38 ( (68) | 63 (106) 2 @2 3 @3N
( (13) | 32 (64) | 11 (12) 8 (18)

R R Nl e R B W R RN RN RN LR R B B el elic, les Beo B Beo les Beo IS BT e NN R N i RS

38 | 96.09.24 3 (M 7

1) * ! Data of rader raingage at Miyama is missing.
2) T : Typhoon ; F ! Frontal ; L :Low ; S ! Thunder
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Table 2 Rainfall ratio at selected area sizes.
(Standard rainfall is for 4km?, 1-hour rainfall.)

1-hour average rainfall 24-hour average rainfall
Enclosed area 24 100 200 4 24 100 200
(km?)

Typhoon 0.912 0.763 0.629 4.122 3.981 3.686 3.463
(0.002) (0.003) (0.011) (0.282) (0.234) (0.222) (0.176)

Frontal 0.892 0.682 0.556 1.997 1.826 1.498 1.311
(0.003) (0.020) (0.028) (0.315) (0.286) (0.245) (0.250)

Low 0.916 0.680 0.558 2.233 2.102 1.817 1.621
(0.003) (0.023) (0.042) (1.553) (1.463) (1.329) (1.406)

Thunder 0.841 0.534 0.362 1.342 1.138 0.765 0.570
{0.012) 0.021) (0.014) (0.069) (0.060) (0.048) (0.038)

note : The value in { ) means the variance of ratio.
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Fig. 6 Location and orientation of precipitation
pattern for 1-hour rainfall.

Fig. 7 Location and orientation of precipitation
pattern for 24-hour rainfall.
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Table 3 Shape ratio for selected rainfalls.

Typhoon Frontal Low Thunder
1-hour Range 1.1~5.2 1.1~4.8 1.1~3.5 1.2~5.0
Rainfall Average 2.0 2.1 2.1 2.1

Variance 0.89 0.58 0.45 0.63
Z4-hour Range 1.2~1.8 1.1~3.8 1.2~2.7 1.1~2.5
Rainfall Average 1.4 2.2 1.8 1.7

Variance 0.06 0.72 0.32 0.24
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Fig. 8 Shape ratio of precipitaion pattern for 1-hour rainfall.
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Fig. 9 Shape ratio of precipitaion pattern for 24-hour rainfall. Identification numbers refer to table 1.
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Table 4 Size of clusters obtained with each procedures.

Cluster No.

Variable Clustering 1 2 3
Type Method |T F L S itotal |T F L S itotal [T F L S itotal
Average |4 6 1 1i12 |- 4 2 7113 |- 5 2 11 8
A Centroid |4 4 1 -: 9 |- 4 2 7 ;13 |- 7 2 21
Wards |4 6 1 1i12 |- 4 2 814 |- 5 2 -:7
Average |4 6 1 112 [- 2 2 7i11 |- 7 2 110
B Centroid |4 6 1 1112 |- 2 2 7:i1 |- 7 2 1:i10
Ward's |4 6 1 1:12 |- 2 2 7i11 |- 7 2 110
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