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ABSTRACT. Return period values of rainfall for different durations are required in many design problems.
For durations of 1 hour and 24 hours, elock-hour and observational-day rainfalls are readily awvailable. To ob-
tain 60-min and 1440-min rainfall from these data suitable conversion factors have to be determined. From a
study of rainfall data of about seventy recording raingauge stations, it was found that a conversion facfor 1-15
can be adopted to transform clock-hour to 60-min and observational-day to 1440-min rainfall.

1. Iniroduction

Maximum rainfall estimates of different dura-
tions and return periods are required inmany hy-
drological design problems. TFor durations of one
hour and 24 hours, the basic data generally
available are clock-hour tabulations of hourly
rainfall and observational-day records of daily
rainfall. For getting from these data rainfall
values for any hour (60 minutes) as distinet
from a clock-hour and any 24 hours (1440
minutes) as distinet from an observational day,
it is necessary to determine their relationship
to the 60-min rainfall and 1440-min rainfall.
Hershfield (1961), on the basis of U.8. data, obtain-
ed the conversion factor of 1-13 for obtaining
60-minute rainfall from clock-hour rainfall for
any return period. He also found that the same
factor could be used to transform observational-day
amounts to corresponding 1440-minute amounts
for different return periods. No such factor has
so far been worked out on the basis of representative
Indian data. Recently, Dhar and Ramachandran
(1970) found this factor to be of the order of 1-11
on the basis of rainfall data of only one station,
viz., Caleutta. However, detailed studies have to
be carried out fora large number of representative
rainfall recording stations in the country for
obtaining an average conversion factor. The pres-
ent note is an attempt in this direction.

2. Data and method

15-min rainfall tabulations for 47 and 1-hr
tabulations for 67 recording raingauge stations
in India distributed over the country were uti-
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lized in the present study. 15-min tabulations
give rainfall amounts for every 15-min duration
beginning from clock hour, i.e., for the period from
0000 to 0015 hr, from 0015 to 0030 hr, from 0030
to 0045 hr and so on. The maximum rainfall in
each year from particular station during any
four consecufive 15-min intervals (total 60-min
period) were noted. 1-hr tabulations give rainfall
values for each clock-hour duration, i.e., from
0000 to 0100 hr, from 0100 to 0200 hr, and so on.
The annual maximum values for each station
for the clock-hour period were also noted. Similarly
the annual maximum values for any 24-hr and
also in one day were obtained. In this way, the
annual series of maximum rainfall in 60-min
(any four 15-min values from 15-min tabulations),
in 1-hr, in any 24-hr and in one day (from 0000 IST
of date to 0000 IST of next day) from hourly
tabulations, were formed for each station and
were subjected to frequency analysis using Gumbels
(1954) extreme value technique., The ratios of
60-min rainfall to clock-hour rainfall and of any
24-hr rainfall to one-day rainfall for standard
return periods were worked out and tabulated
and the mean ratio was calculated. The results
are given in Tables 1 and 2.

3. Results

It is seen from Table 1 that the mean ratio
of 60-min rainfall (computed from 15-min tabula-
tions) to clock-hour rainfall is 1-10.  To get the
ratio of any 60-min rainfall to elock-hour rainfall,
ratio of any 60-min rainfall to 60-min rainfall
(from 15-min tabulations) was found for 4 stations
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TABLE 1
Ratio of 60-min rainfall (computed Ratio of 60-min rainfall (compu-
from 15-min tabulations) to clock- ted from 15-min tabulations) to
Period hr rainfall for the return Period clock-hr rainfall for the
Station of period of Mean Station of return period of Mean
data ‘ A —, ratio data _—mo— A y ratio
(Yr) 2-yr 5.yr 10-yr 25-yr GS0-yr (Yr) 2-yr b-yr 10-yr 25-yr 50-yr
Agartala 17 1-12 113 1-13 1-13 1-13 1-13 Baroda 24 1-04 1-06 1-07 1-07 1-08 1:07
Mohanbari 14 1-08 1:07 1-06 1-056 1:05 106 Bhuj 7 105 104 1-03 1-03 1:03 1:04
Jamshedpur 17 1-07 1:04 1-03 1-02 1-0] C o103 Veraval 10 1-11 1-07 1415 1-07 1:07 1-09
Bamrauli 17 108 1-10 1-11 1-12 1-12  1-11 Colaba 32 1-00 1-08 1-08 1-08 1-08 1-08
Lucknow 10 1-13 1-14 1-14 1-14 1-14 1-14 Chikalthana 11 1-14 1-13 1-13 1-13 1-13 1-13
Mukhim 6 1-15 119 1-21 1-24 1-25 1-21 Mahabalesh- ] )
Tehri 1-07 1-02 1-00 0-98 0-97  1-01 war 31 1-08 1-08 1-08 1-09 1-00 1-08
N N 5 . - ()4 )2 - . ¥
New Delhi 21 1-14 1-11 1:09 1-08 1-08  1-10 ‘\'“nl"" 1: 1 ‘,'“ 1 ‘,” 1 _‘"(- i “t 100 1-02
‘Anoritier 1 1-12 1-14 1°15 1-156 1-16 114 N‘umlm-lmr r._» l-_l: 1-26 1-29 l-.i:_ 1-34 1-28
Simla 5 1-00 1-03 1-01 0-99 0-98 1-02 Poonn 3 1-15 1-14 1°13 1-13 113 1-14
Srinagar 22 1-22 1-21 1-20 1-19 1-19 120 Venguria 11147 1-12 1:00° 1-07 1-06; 1-10
ChambalDam 7 1:06 1-15 1-19 1-22 1.24 1-17 Anantapur “(1 l-2f‘) 1-27 1-27 1-28 1-28 1:27
Dholpur 7 102 1-02 1-02 1-02 1-02  1-02 1ff‘ul:lill'<'t- #1116 14 1-14 114 1-14 1014
2 s . I SR . isnkhapat-
Erinpura Rd. 7 114 1-00 1-21 1-05 1-0¢  I-11 nam 12 105 1-04 1:03 1-03 1-02 1-03
H k! - ()2 . . . *
Jaipur 1y 1:04 102 101 100 0-88  1-01 Kodaikanal 31 1.0 1-10 1-10 1-10 1-10  1-10
Jodhpur 18 1-11 1-100 1-10 I-H‘!.l 1-09 1-10 Madras 14 1-10 1-12 1-13 1-14 1-14 1-13
Hegesbiwes: 1A 108 10 1dl T3 11§ 1.1 Tiruchi 9 109 1412 1-14 1-15 1-16  1-18
Bhopal 10 A0 18 L A 10% 1909 Bangalore 11 1-04 1:03 1-02 1-02 1-02 1-03
Jabalpur 12 1-08 1-06 1-05 1-04 1-03 1-05 Mangalore 9 1:00 1-01 1:01 1-01 1-01- 1-01
Jagdalpur 10 1-08 1-08 1-08 1:07 1-07 1-08 Trivandrum 10 119 1:14 1-12 110 1:10 1-13
Punasa B 115 114 1-18 M4 116 14 Dandeldhura 11 1-09 1-11 1-12 1-18 113  1-12
Raipur 9 .1-11 1-08 106 105 1-04¢ 1-07 tangtok 5 1-11 1:10 1-00 1-08 1-07 1-09
Thikri 14 116 113 1-1 111 1-10  1-12 Kathmandu 22 1-13 1-09 1-08 1-07 106 1-09
Ahmadsbad © 11 114 1412 1-12 1-11 1-11 1412 Taplejung 22 1-12 1:09 1:07 106 1:06 1-08
Total : 51-66 Mean : 1-10
whose hyctog.rmns “i‘_‘“' easily available. The of any 24-hr rainfall to one-day rainfall is 1-15.
results are given below : From the study of hyetograms of 7 stations,
I T—— - - it was found that any 1440-min rainfall is the
Period  Ratio of any 60-min rainfall to same as any 24-hr rainfall as is shown below :
of 60-min rainfall (from 15-min .
ati data tabulations) for return period of  Mes - A i T
Hedim r__,______é).___*._l_';m __“_‘ r.'::it:, Period Ratio of any 1440-min rainfall to
(Yr) 2-yr 5-yr 10-yr 25-yr 50-yr of any 24-hr rainfall for return Mean
’ ’ ' Station  data period of ratio

find, B == = SIS
(Yr) 2-yr

Rampurhat 8 1:02 1-04 1:056 1-06 1-06 1-05 B-yr  10-yr 25-yr 50-yr

Jangipur 8 103 1'04 1-05 1-06 106 1-05
i Rampurhat 8 1-00 1-00 1-00 1-00 1-00 1-00
Bamrauli 26 1-03 1-03 1-04 1-04 1-04 1-04

Jangi 8 1:00 1:00 1-00 1-00 1-00 (M)
New Delni 20 1:02 1-04 1-04 1-05 1:05  1.04 SRR ;
' Agartala 17 101 1:00 1-00 1-00 1-00 1:00
Mean 1-056
e, .. Mohanbari 18 1-01 1-00 1-00 1-00 1-01 1:00
Bamrauli 26 100 1-01 1-01 1-001 1-01 1-01

Hence the ratio of any 60-min rainfall to clock-
hour rainfall can be taken to be 1-10 x 1-05
1-15.

New Delhi 20 1-00 1:00 1-00 1-00 1-00 1:00
Srinagar 31 100 100 1-00 100 100 100

s . Mean 100
From Table 2, it is seen that the mean ratio
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TABLE 2
Period Ratio of any 24-hr rainfall to Period Ratio of any 24-hr rainfall to
of one-day rainfall for the ) of one-day rainfall for the
Station data return period of Mean Station data return period of Mean
‘o 4 - TS ——————As ——— ratio
(Yr) 2-yr B-yr 10-yr 25-yr 50-yr (Yr) 2yr 541 10y 2597 50.yr
Agartala 17 1:14 1-18 1:20 1-21 1-22 1-19 Dholpur 7 112 1:04 1-01 0-98 0-97 1:02
Imphal 14 114 1-13 1:12 111 1-11 1:12 Bty
Mohanbari 16 1-10 1:06 1:06 1:03 1:02 1-05 Road 7 1-32 1-31 1-31 1-31 1-31 1-31
Jaipur 13 1413 1-16 1-17 1419 1-19 1-17
Asansol 16 1-07 1-08 1-08 1-08 1:08 1-08
Jodhpur 18 1-10 1-21 1-22 1-23 1-23 1-22
Durgapur 14 1:21 1-24 1-25 126 1:27 1-25
g | Bagratawa 12 1-18 1-12 1-10 1-09 1-08 111
Jangipur 8 115 119 1-20 1-22 1-22 1-20
i Bhopal 10 1-12 1-16 1:17 1-19 1-19 1-17
13 '1:17 118 1°12 1-11 1:11 1:18
e Giwalior 9 117 1-10 1°08 1:05 1-04 1-09
i 12 1-12 108 1-07 1-06 1-06 108 -
A TIndore 7 1-11 1-14 1-15 116 1:17 1-16
ur 8 1-03 1:01 1:00 0-:99 0-99 1-00 ‘
:{::;:: Jabalpur 12 1-13 1:07 1-04 1:02 1-01 1:05
M 18, 119 198 1467 1:00 108 700 Jagdalpur 10 119 1-11 1-07 1-04 1-02 1-09
Rampurhat 8 1-21 1-27 1-28 1-30 1-31 1:27
Punasa 12 1-19 1-16 114 1-13 1-13 1-16
Barhi 18 1-16 1-10 1-20 1-21 1-22 1-20
Thilkri 14 1-18 1-25 1-28 1-31 1-32 1-27
ishungarh 18 1-22 1-15 1-13 1-11 1:10 1-14
St Ahmadabad 11 1-34 1-21 1-16 1-12 1-10 1-19
16 1:12 1:06 1-04 1:03 1-02 1:05
Bajawo Baroda 24 122 123 1-23 1-24 1-24 123
1 1-00 1-06 1-03 1-01 1-01 1-04
Viran Bhuj 7 1:08 1-06 1:06 1-05 1:05 106
i 20 1-18 1-12 1-10 1-08 107 1-11
Do Okha 6 1-13 1-00 0-96 0-02 0-90 098
ib 20 1-18 1-28 1-32 1-36 1:39 1-31
Hasaribagh Veraval 10 1-090 1-13 1-14 1-16 1-16 1-14
edpur 17 1-20 1:16 1-16 1-14 1:13 1-16
dnmshody Colaba 32 112 1-09 1.00 1-08 1-07 1-00
i 12 1-21 1-82 1-37 1-41 1-44 1:35
e Chikalthana 11 1-13 1-12 1-12 1-11 111 1-12
Maithon 13 113 1-10 1-08 1:07 1-07 1-09 R,
Naya Dumke 8 1:16 1:34 143 1-62 1'57 1-40 war 31 1-15 1-13 1-11 1-10 1-09 1-12
Nagpur 15 1-09 1-08 1-08 1:07 1-07 1-08
Putki 10 1-18 1:17 1-17 1-16 1-18 1-17
Nandurbar &5 1-31 1:19 1-16 1-13 1-12 1-18
Ramgarh 19 1-11 1-08 1-07 1-07 1-06 1-08 ;
Poona 33 1-18 1:10 1-07 1-05 1-03 1:09
Sindri 8 1-07 1-08 1-01 1-00 0-99 1-02
Vengurla 11 1-22 1-30 1-34 1-37 1-39 1:32
Tilaiya i
Dam 15 116 1-11 1:09 107 1 11 Begumpet 33 1:14 1.00 1.07 1-06 1-05 1-08
i 7 1-22 1-13 1-17 1-16 1-15 1-18
femmeg 3 Visakhapat-
Lucknow 10 1-00 1-14 1-16 1-18 1-19 115 nam 11 1-18 1-19 1-20 1-21 1-21 1-20
Coimbatore © 1:08 1-08 1-08 1-08 1:08 1-08
Mukhim 6 1-20 1-23 1-24 1:25 1-26 1-24
Tehri 6 1-13 1-28 1-34 1-39 1-41 1-31 Kodaikanal 31 1-15 1-13 1-13 1-13 1-13 1-13
NawDelh.i 21 1-04 1:09 1-10 1:11 1-12 1-09 Madras 13 1-12 1-18 1-21 1-23 1-24 1-20
Amritsar 11 1:12 1007 1-06 1:06 1:04 1:07 Tiruchi 9 1.07 1:06 1-05 1-05 1-04 105
Simla 5 1-19 1-22 1-24 1-25 1-26 1-23 Bangalore 11 1-08 1-05 1:04 1-03 1-03 1-06
Srinagar 22 1-13 1:11 1-10 1-09 1:09 110 Mangalore 9 1-27 1-37 1-42 1-47 1-50 1-41
ChambalDam 6 1:60 1-48 1-44 1-41 1-40 1-47 Trivandrum 9 1-09 1:02 0-99 0-97 0-95 1-00
Total : 77-11 Mean: 115
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Also a study of rainfall data of 5 stations showed
that the observational day (from 0830 IST of date to
0830 IST of next day) rainfall is the same as
one-day (from 0000 IST of date to 0000 IST of

next day) rainfall as can be seen from the following
table : '

Period  Ratio of calendar-day rainfall
of to observational-day rainfall for
Btation data return period of Mean

— — ratio

(Yr) 2oyr Beyr 10-yr  25-yr 50-yr

Colaba 32 0-95 0:99 1-01 1-03 1-04 L-00
Mohanbari 18 1:15 1-04 1-00 0-95 0-93 1-01
New Delhi 29 1:00 1-03 1:04 1-05 1:05 1-03
Bamrauli 26 0-97 0-97 0-97 0-97 0-97 0-97
Srinagar 31 1-01 1-01 1:01 1-01 1-01 1-01

Hence the ratio of the observational-day (or
calendar-day ) rainfall to 1440-min rainfall can
also be taken to be 1-15. This is the same as the
ratio of any 60-min rainfall to clock hour rain-
gall which was found to be 1-15.

4. Conclusion

From the study of rainfall data of about 73
self-recording raingauge stations in India, it was
found that the conversion factor 115 can be
adopted to transform clock-hour rainfall to any
60-min rainfall and observational-day (or calendar-
day) amounts to corresponding 1440-min rain-
fall amounts for different return periods.
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