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ON THE ESTIMATION OF PROBABLE RAINFALLINTENSITY-FORMULA
BY SPECIFIC COEFFICIENT METHODS

By Masayoshi Ishiguro, C.E, Member

SYNOPSIS

Succeeding to the author’s previous report
on the estimation method of the probable rain-
fall-intensity-formula based on the Logarithmic
Normal distributions, another estimation method
to which the Extreme Limiting Theory is app-
lied is proposed in the first part of this paper.
Moreover, an eatimation method by the “Specific
Coefficient” is further proposed, which can be
determined by rainfall charactristics of a short
duration time in Japan, with considerations of
the type of rainfall-intensity curves. For any
types of the curves, and various formulas in the
past can be reduced to merely one generalized
form by this method, which gives the simpler
estimation of the curve with higher accuracy
than the former methods. It is also an advantage
of this method that it can be applicable, even
if the rainfall records cannot be obtained for
each duration of rainfall over a long period as
in the case of local cities.

1) Rigorous estimation method of probable
rainfall intensities formula

The author proposes a new rigorous esti-
mation methods, the procedure of which may be
expressed as shown in Fig. 1 from @ to &),
inclusive, using the data of rainfall intensity of
each duration. The first step of the procedure
is to convert the rainfall of each duration to the
rainfall intensity in terms of mm per hour, the
frequency curve of each duration is as shown in
Fig.1, @. From Fig.1, @ the cumulative fre-
quency curve or probability curve of the rainfall
intensities data is obtained as shown in Fig.1,
®. The cumulative frequency curves may be
plotted in a straight line which is convenient for
practical purposes as shown in Fig.1, ®@. In this
case the Logarithmic-Normal distributions theory
and Extreme Limiting theory can be applied to
the calculation method of return period. How-
ever, the latter theory has been used in the pre-
sent paper.

The probability of occurrence of a value in

the annual series which is equal to or less than
v is given by

P(y)=exp(—e™) (1), n=C(at+y)fe (D
where a and ¢ may be obtained from the follow-
ing equations; a=rc—5, ¢=(4/6/x)g - 3

where 7 is the sample mean and ¢ is the

sample standard deviation and y=0,577 216 which
is so called Euller’s constant.

There are two analytical methods of curve
fitting ; the method of moments and the other,
the method of least squares. The value of return
period for rainfall intensities of each duration
could be computed by these two methods. These
relations are shown in Fig.1 @ and the probable
values thus computed are named “2nd data”. The
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sively represented by
mere one equation as

follows :



Trans. of JSCE, No. 74, May, 1961. mn

Iy=fx*Ry (this is called “Specific
Coefficient formula™)
where I is rainfall intensity (mm/hr), Ay is
Specific Coefficient and it becomes 1.0 when # is
60 minutes, R, is one-hour rainfall or one-hour
rainfall intensity (mm/hr), and the suffix N to
these three symbols designates the number of
return period in terms of years. Therefore, vari-
ous formulas in the past can be represented con-
cisely as Eq. (4), which shows that the rainfall
intensity curve is equal to the product of the
Specific Coefficient, designating the slope of rain-
fall intensity curve and one-hour rainfall. This
relation is the true nature of the rainfall in-
tensity formula. Since it is not nesesary to
discuss Ry in Eq. (4), because it is the value
of generalized return period, here gy only is
discussed. Inasmuch as Ay can be of any type
of formula showing the rainfall intensity in the
past, it can be also so chosen as to take certain
types of formula which is simple and of high
accuracy, as standard types as follows :
I=a/( 't £b), I=a/(t+b), and I=a/(#")
where [ is rainfall intensity, a, & and n are re-
gional constants. And then, according to Eq. (4).

B 1s represented for three cases as follows:

Case I : By=a'/( VT £b) eeeernnns (5)
Case T : fy=a'/(E+Dd) woerrrreeeeeeeens (6)
Case T : By=a’/(") wroereesvrmoemennnns N

where fy is Specific Coefficient of N-year proba-
bility ; and also is an expression showing the
ratio of the rate of rainfall in any time duration
to the one-hour rainfall : # is the rainfall duration
in minutes; «, & and n are regional constants.
The three constants in Egs. (5), (6) and (7)
can be computed as follows;

a’'=b+ /60

: E B e (8)
Case 1 {b:(«/60—/91vt° V) /(BN =1
BT =60 ayt 0By - .

‘a'={Log A5’ (Log 60—Log 1)}
/(Log 60-1.og £)
i72=Log a/Log 60

Case T :

where f5° is the value of the ratio of the rate
of raintall for a duration of ¢ minutes to the
one-hour rainfall of N-year probability, this ratio
is named as “Specific Coefficient Values”, and the
same time duration must be taken as the value
of ¢ for each case. Fig. 2, shows the values of
By and Fy*° for case I, and the values of Fyf
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Fig. 2 Specific Coeflicient culation possible for
the specific coefficient
method, basing on
the only two data—60-minute and random du-
rations, even if the rainfall data covering the
entire time duration such as 5, 10, 20,----- 120
minutes are not available.

There are many methods to determine Ay’,
but a most reasonable method of all is to calcu-
late B5° on the basis of the ratio between 60-
minute rainfall intensity and #-minute rainfall
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intensity in a same return period, which can be
analytically as well as statistically calculated from
the two kinds of data on the rate of rainfall
As the result of application of this calcu-
lation method to 147 places, the fact that the
value of B5° varies, if the return period is not
same, has been ascertained. This fact has been
noticed at the places 90% of the total.
Accuracy of the specific coefficient method
deponds on the choice of any the types of rain-
fall intensity formula. Therefore an optimum
type of formula must be chosen for the places
in question, then the author studied what type
of formula is most appropriate for the rainfall
data at the 147 places in Japan. The study has
revealed the following : Case I is the most ap-
propriate types for the cases in Japan. This type
fits to all of the places with a mean deviation
of +£5% from the data, if the time duration is
set up to 60 minutes, and Cases I and II also
it to all of the places, excepting certain special
places for which the time duration is set up to
120 minutes, with a mean deviation of +5%
from the data. In conclusion it might be men-
tioned that as a result of applying the specific
coefficient method to the cases in Japan, two
kinds of chart have been presented—the isohye-
tal chart of Ry is one and the specific coefficient
distribution of 85" in Japan is the other.
As a result of this study the probable rainfall in-
tensity formula car be now easely obtained with
a high accuracy for any places throughout Japan.





