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Rain Score of Heavy Rainfall and Number of

Persons suffered Death from its Disaster

Yoshiharu SHIOTSUKI and Kazuya SHIBASAKI

Abstract

35

The rain score P was proposed as a new comprehensive term defining the rain strength and utilized for

the debris flow occurrence of Mizunashi river, Mt. Unzen.” The relation between numbers of human

death (d) caused by the heavy rainfall disaster and the rain score is discussed in this report. The second

rain score P2 is found as another important factor for human death occurrence. The relation between d

and P1, P2 are investigated on the 51 heavy rainfall disasters occurred in years of 1953-1983. P1 and P2

are obtained by the statistical relations between (P1, P2) and (the maximum 1 hour rainfall amount R1

mm, the maximum 3 hour rainfall amount R3 mm), because only R1, R3 data are referred in the disaster

records. Although the multi correlation coefficient of d-(P1, P2) is not so good, the trend of estimated

d explains well the characteristics of historical heavy rainfall disasters in Japan. The d estimating

equation is used in the 1-3 hour rainfall forecast method® in case of Nagasaki event which caused 299
deads during 7 hours (18h00-01h00, Jul. 23, 24, 1982). The predictions of d at 19h20 and 19h40 in early stage

of rainfall was 50 and 150 persons, respectively.
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Fig. 1

Map of Kyushu. 2157 Talbot parameter (A,

B) sets obtained from 10 minute rainfall

data base observed at 55 circle points
during Nagasaki heavy rainfall event were
provided for PCA analysis to determine

rain scores P1, P2.
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Table 1 Result of PCA analysis for 2157 (A,B) sets in case of
Nagasaki event.
Component 1 2
Eigenvalue 7.353 1.832
Factor Eigenvector Mean Variance
Xn <EV>, Xa> Var <X,>
X1(R10,mm) 0.906 —0.536 7.76 32.31
X2(R30,mm) 0.968 —0.322 17.22 185.6
X3(R1,MM) 0.992 —0.160 25.54 473.2
X4(R3,mm) 1.000 0.071 39.32 1442
X5(a) 0.971 0.322 3442 1.578 X107
X6(b) 0.513 1.000 59.10 2162
X7(a/b) 0.566 —0.726 60.78 3719
X8(M10,g/m?®) 0.892 —0.568 1.805 1.571
X9(DR, min) 0.939 0.433 75.92 6633
X10(axb) 0.770 0.724 322505 | 4.589x10"

P2

Fig.2 (P1, P2) distribution for 700 (A,B) sets at
16 points in Nagasaki Pref. during Nagasa-
ki event. The sizes of circle indicate the
heavy rainfall class (Fig.3) from the smal-

lest (F) to the largest (A).
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Table 2 Correlation between (P1, P2) and

(R1, R3).
Rl'R?) rRl'R3:O.9808
Pl—Rl rpl,R[:0.9723
Pl’Rg rp1 R3 — 0 9871
P2-R1 Teor1 —0.0011
P2-R3 Tparz=0.1777
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Table 3 Observed (R1, R3), calculated (P1, P2), actual numbers, d and estimated numbers, Y of human
death and ratio m=d/Y for 51 heavy rainfall cases in 1953-1983.

N R1 R3 P1 P2 d Y m i 13 ® W %
1 77 138 48 27 25 53 0.47 | 1953 18] A FI284F 51
2 63 117 38 35 418 69 6.08 " | ”

3 72 131 45 31 61 59 1.04 ” 48 "

4 69 122 41 21 21 56 (.38 " Leig ”

5 59 139 47 109 514 164 3.13 " N "

6 56 82 22 -24 66 43 1.53 " N\ ”

7 70 167 61 132 1059 182 5.83 | 1953 LRI A ST
8 74 173 64 130 429 165 2.59 " HOHE Y P 1L S
9 72 119 40 0 83 44 1.88 1955 15wy

10 144 377 160 346 815 863 0.94 " Fe by REER
11 76 149 53 60 183 74 2.48 | 1957 [N

12 61 70 17 -77 25 26 0.95 | 1959 i)

13 87 160 59 40 12 52 0.23 " 1&g

14 69 121 40 19 41 54 0.76 | 1961 LT 36:6 £
15 89 231 91 213 15 370 0.04 Z —iE "

16 47 93 26 44 134 95 1.42 Z 1% "

17 58 160 56 167 26 354 0.07 " i ) "

18 73 187 70 171 56 280 0.20 7z I ”

19 82 165 61 75 74 79 0.94 " K5y

20 67 145 |- 51 89 63 115 0.55 | 1962 %y

21 81 156 57 56 17 66 0.26 z fEA

22 144 191 75 1 18 27 0.66 | 1963 i)

23 111 201 79 40 15 39 0.39 7z e

24 140 276 115 105 29 48 0.60 " HEA

25 75 134 46 26 77 54 1.44 | 1964 AT 1L Bg b e 5
26 67 95 28 -39 13 33 0.39 1995 Koy

27 94 258 103 261 14 667 0.02 " e I PUAAT S5
28 94 173 65 42 34 49 0.69 | 1967 e

29 141 207 85 -77 50 12 4.02 7 Jeug 427 5
30 75 129 44 13 159 48 3.34 " JE RS Z

31 76 162 59 93 84 105 0.80 Z fEd "

32 90 184 70 88 129 81 1.60 " s kSR
33 90 212 82 160 118 181 0.65 | 1968 Wz 3. B £27E
34 63 116 37 32 46 67 0.69 1969 W

35 116 239 97 115 19 74 0.26 | 1970 T4 KZHB] L5
36 77 194 73 171 22 262 0.08 | 1971 1T Jdi FA: 557
37 106 211 83 87 20 64 0.31 no R REA Fi] A FR 55 R
38 92 235 93 210 42 336 0.13 | 1971 —iE SR )T 50T
39 130 255 105 95 122 50 2.44 | 1972 HEA 477 5L KEEZER
40 61 120 39 51 17 84 0.20 " e 477 5T
41 96 266 107 272 61 767 0.08 ” sl ”

42 42 80 19 32 39 90 0.43 Z [IN "

43 41 96 26 78 28 152 0.18 Z By ”

44 28 73 15 76 15 185 0.08 " fel 7z

45 84 182 68 109 67 111 0.60 Z F "

46 41 98 27 83 27 162 0.17 " e i "

47 115 226 91 86 28 56 0.50 | 1973 4 i)

48 56 92 26 1 32 55 0.59 | 1976 iR

49 128 313 130 252 299 302 0.99 | 1982 J gy Rig T
50 74 137 48 38 22 61 0.36 ” HEAR "

51 90 214 83 165 107 193 0.55 1983 E5Hl =Y e 3R]

I LERSE 2RSSR s e i
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Fig.3 (R1, R3) distribution for 51 cases of Table
3. A-F indicate the heavy rainfall classes
according to Japan Meteorological
Agency. A (R12110mm, R3=250mm) ~F
(R1=25mm, R3=50mm). The largest cir-
cles, middle circles and the smallest circles
are for cases of d=100, 100>d=20, 20>
d=10, respectively.
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Fig.4 (P1, P2) distribution for 51 cases of Table
3. The meaning of circle size is same as
Fig.3.

FTIRED & - e OHEETEH L D L LIS 0,
Wi KB T T 319864, 19934 D7 7 AN SICEHL L
m< 1 Tdh 5y il L 3 Emflidi3 s Itk E
v, MUY S R E W) FefEL B B8 RI3 D ERAL
12k ZAREISHT BT AT B L2 51985
FINT R TIHEEERSICH L, ERNFEHFREI 4
T, m=0.09T/h &\, mif (RO KK FITHT 2
P, B HORLEE, MHLEL L Z2HILT
VB vz, HUROETEREO MK 2R TR &

Vol.44 No.2 (1994)

Table 4 Multi correlations for d-(P1, P2) with
changing d range.

Sample No. Tapipz
d=100 11 0.4745
d= 65 17 0.6227
d= 20 26 0.6326
d= 10 30 0.4856
1000
Fo o o
Y 100 o) @4 0]
%0
& ooO o °
(e} Sl o
10
10 100 1000

d

Fig.5 Comparison of observed number of human
death (d) to the estimated death number Y
for 51 cases in Table 3. (d=20)
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Table 5 Estimated Y and m for the recent heavy rainfall cases occurred in Kyushu.
R1 R3 P1 P2 d Y m
50 96.5 28 39 7 86 0.08 82 frih
63 98 29 -14 4 43 0.09 "85 11T B
74.5 120 40 -8 14 40 0.35 ‘86 FEUWL B 5L
80.5 176 65 109 5 117 0.04 90 friw
65 150 53 111 11 152 0.07 90 FargR— /e
59 124 41 70 49 106 0.46 93 BT
80 200
50 150
40 100
rio P1,P2,Y
(mm)
- 30 ® @ +- 50
O O
Qi g i
20 ‘$ i+ - 0
§ o
10 ﬁ u 0 ] | ] [0 -s0
TR TR A
olapef ” M il .
1800 1900 2000 2100 2200

Fig.6a Forecast of 10 minute rainfall amounts rl0mm (©), rain scores P1 (©), P2 (@), and estimated

numbers of human death (#) at 19h20 in case of Nagasaki city, Nagasaki event (Jul.23 1982).

Columns indicate the real r10. Double line shows the present time.
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Fig.6b Forecast at 19h40 in the same case as Fig.6a.
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