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Estimation of a Probable Amount of a Short Rainfall by
Application of Bi-variate Gamma Distribution Theory
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In designing regional river works for flood control in Japan, it is very important
to evaluate an amount of heavy rainfall during a short time, for example, 12 hour, 6
hour, 3 hour and the shorter period, on a basis of the observed data during a stan-
dard time, for example, one day. This study aims at the estimation of a probable
amount of such short time rainfall by application of bi-variate gamma distribution
theory which has recently been studied by us.

The development of the theory is on the empirical experiences that the occur-
rence of each component of a short time rainfall is subject to the gamma distribu-
tion, and also that of the arbitrary sums of each component to the same distribution
family approximately. That is, the exact distribution function is deduced analytically
and that function is aproximately converted into the gamma distribution function for
the convenience of the engineering use. And by checking the degree of approxima-
tion, it is proved to be practical. _—

To build a stochastic model of rainfall sequences, following two factors are con-
sidered. The one is a probability factor of distribution function as mentioned above.
The other is an auto-correlation factor of successive rainfall sequences. For the
latter, the first-order autoregressive linear model is adopted, and the problems by
using the gamma distribution are discussed. At last, by using the observed data in
some stations, the applicability of such theory is examined for various shorter time
periods.
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Table 1 Relative error of approximate solution of the cumulative distribution
function (c=1, v=1/2).
~L oa 0.2 0.3 - 0.6 0.5 0.6 0.7 0.8 0.9
0.5 0.0146 0.0223 0.0243 0.0215 0.0151 0.0066 -0.0017 -0.0066 -0.0055
1.0 | -0.0045 -0.0090 -0.0130 -0.0161 -0.0178 -0.0176 -0.0153 -0.0111 -0.0058
1.5 | -0.0065 -0.0112 -0.0141 -0.0154 -0.0151 -0.0134 -0.0107 -0.0074 -0.0038
2.0 | -0.0048 -0.0080 -0.0097 -0.0101 -0.0095 -0.0082 -0.0065 -0.0044 -0.0023
2.5 | -0.0029 -0.0046 -0.0054 -0.0055 -0.0051 -0.0044 -0.0035 -0.0025 -0.0013
3.0 | -0.0013 -0.0021 -0.0024 -0.0025 -0.0023 -0.0020 -0.0017 -0.0012 -0.0006
3.5 | -0.0003 -0.0005 -0.0006 -0.0006 -0.0006 -0.0006 -0.0005 -0.0005 -0.0002
4.0 0.0003 0.0004 0.0004 0.0004 0.0003 0.0002 0.0001 0.0001 0.0000
4.5 0.0005 0.0008 0.0008 0.0009 0.0008 0.0007 0.0005 0.0002 0.0001
5.0 0.0006 0.0009 0.0011 0.0011 0.0010 ©0.0008 0.0006 0.0003 0.0002
6.0 0.0005 0.0008 0.0010 0.0010 0.0008 0.0008 0.0007 0.0004 0.0002
7.0 0.0003 0.0006 0.0007 0.0008 0.0007 .0.0007 0.0006 0.0004 0.0002
Table 2 Relative error of approximate solution of the cumulative distribution
function (¢=1, v=1).
z 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.5 0.0841 0.1428 0.1767 0.1872 0.1765 0.1478 0.1062 0.0603 0.0226
1.0 0.0176  0.0262 0.0270 0.0224 0.0146 0.0061 -0.0008 -0.0040 -0.0034
1.5 1-0.0015 -0.0045 -0.0088 -0.0126 -0.0151 -0.0158 -0.0142 -0.0106 -0.0057
2.0 |-0.0068 -0.0122 -0.0160 <0.0180 -0.0181 -0.0165 -0.0134 -0.0095 -0.0049
2.5 [-0.0070 -0.0117 -0.0144 -0.0153 -0.0147 -0.0129 -0.0102 -0.0071 -0.0037
3.0 [-0.0085 -0,0089 -0.0106 -0.0110 -0.0103 -0.0089 -0.0071 -0.0049 -0.0025
3.5 |-0.0037 -0.0058 -0.0068 -0.0070 -0.0065 -0.0059 -0.0045 -0.0034 -0.0017
4.0 1-0.0021 -0.0033 -0.0038. -0.0039 -0.0037 -0.0032 -0.0026 -0.0019 -0.0010
4.5 }1-0.0009 -0.0014 -0.0016 -0.0017 -0.0017 -0.0015 -0.0013 -0.0009 -0.0005
5.0 1-0.0001 -0.0001 -0.0002 -0.0002 -0.0003 -0.0003 -0.0004 -0.0003 -0.0002
6.0 0.06007 0.0011 0.0012 0.0011 0.0011 ©0.0008 0.0006 0.0004 0.0002
7.0 0.0007 0.0012 0.0014 0.0014 0.0013 0.0011 0.0009 0.0006 0.0003
Table 3 Relative error of approximate solution of the cumulative distribution
function (¢=1, v=2).
z 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0.5 0.3664 0.7032 0.9643 1.1145 1.1385 1.0312 0.8120 0.5212 0.2251
1.0 0.1492 0.2558 0.3162 0.3337 0.3119 0.2599 0.1896 0.1153 0.0501
1.5 0.0668 0.1064 0.1227 0.1202 0.1041 0.0803 0.0543 0.0310 0.0129
2.0 0.0277 0.0407 0.0429 0.0377 0.0287 0.0187 0.0101 0.0042 0.0009
2.5 0.0081 0.0096¢ 0.0071 0.0029 -0.0014 -0.0045 -0.0058 -0.0053 -0.0032
3.0 -0.0015 -0.0048 -0.0083 -0.0112 -0.0127 -0.0126 -0.0110 -0.0081 -0.0044
3.5 -0.0057 -0.0105 -0.0138 -0.0155 -0.0156 -0.0142 -0.0117 -0.0083 -0.0044
4.0 | -0.0069 -0.0117 -0.0144 -0.0154 -0.0148 -0.0131 -0.0105 -0.0074 -0.0038
4.5 -0.0065 -0.0106 -0.0127 -0.0132 -0.0125 -0.0109 -0.0087 -0.0061 -0.0031
5.0 | -0.0054 -0.008 -0.0101 -0.0104 -0.0098 -0.0085 -0.0068 -0.0047 -0.0024
6.0 -0.0027 -0.0043 -0.0050 -0.0052 -0.0049 -0.0043 -0.0035 -0.0022 -0.0013
7.0 -0.0007 -0.0012 -0.0014 -0.0015 -0.0015 -0.0014 -0.0012 -0.0009 -0.0005
8.0 0.0004 0.0005 0.0006 0.0005 0.0003 0.0002 0.0001 0.0000 0.0000
9.0 0.0008 0.0012 0.0014 0.0013 0.0012 0.0010 0.0007 0.0005 0.0002
10.0 0.0008 0.0013 0.0016 0.0015 0.0014 0.0012 0.0009 0.0006 0.0003
12.0 0.0005 0.0008 0.0010 0.0011 0.0011 0.0010 0.0008 0.0006 0.0003
14.0 0.0002 0.0004 0.0005 0.0006 0.0006 0.0006 0.0005 0.0004 0.0002
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Fig. 5 Auto-correlation coefficient of a
short rainfall by using the annual

extreme samples (Toyokawa, 1953-
70).
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Fig. 6 Auto-correlation coefficient of a
short rainfall by using the extreme
samples (Toyohashi, 1955-69).
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Fig. 7T Auto-correlation coefficient of a

short rainfall by using the censored
upper samples (Gifu, 1961-72).
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