Mausam, (1990), 41, 3, 483-486

351.577.23

Rainfall intensity duration frequency analysis

U. C. KOTHYARI & S. K. VERMA
University of Roorkee, Roorkee

and
R. J. GARDE

Indira Gandhi National Open University, New Delhi
(Received 21 February 1989)

| 8T — 3@ w4, 7 gafa aui 9 Araar & sread & fay mwna wraes fawfos =07 ¥ fan e & 957 g
q7 G 45T w2adl § 0% e au b sivey s T fRmoaar & '

ABSTRACT. In the present study the analysis of rainfall data compiled for eighty stations s
> Sl ! ns d
several parts of India has been carried ‘out for developing a general relationship for the cstigma);ion of shgflrgizll!all‘i\:r:

rainfall intensity,
1. Introduction

Rainfall intensity-duration-frequency relationship is
required for many purposes such as the hydrologic
design of railway and road bridges and their protection
works, design of culverts in highways, design of airfield
drainage, design of storm sewers in urban areas and in
flood control and flood forecasting problems. At
present the design engineers in the country do not have
a simple and reliable method for estimation of rainfall
intensity, particularly for short durations (‘e less
than 24 hours).

The charts published by India Met. Dep. (Harihara
Ayyar and Tripathi 1974) give estimates of rainfall
for different durations and return periods. However,
due to limited amount ol data used the charts do not
show finer variations of values and give only their rough
estimate for a particular location. Analysis of short
duration rainfalls have also been carried out by Dhar
and Kulkarni [1970 (a), 1970 (b), 1971 and 1972].
Ram Babu eral. (1979) have tried to give separate
relationships for different regions ol India based on data
than available. These relationships need to be refined
using the additional data which have now become
available. Keeping this in view it was thought desirable
to analyse all the available data regarding rainfall
intensity. Through rainfall analysis a general rela-
tionship has been developed for rainfall intensity of
short durations (i.e., less than 24 hours). The details
of present investigation are presented herein.

2. Rainfall data used

Data on rainfall intensity, duration and recurrence
interval have been compiled for the rainfall stations
located in various parts of India. Sources of data

used in the present study are furnished through
the references (Dhar and Kulkarni 1971, Harihara
Ayyar and Tripathi 1974, Raman and Bandyopadhya,
1969. Ram Babu er al. 1979). Fig. | shows the locations
of the raingauge stations used in present study on a
map ol India.

In all data for R0 stations spread uniformly over
several parts of India have been collected. The period
of data varied from 10 years to 33 years. For 73 stations
the rainfall intensities of different durations and return
periods were directly available from the references of
Dhar and Kulkarni (1971), Harihara Ayyar and
Tripathi (1974), Raman and Bandyopadhya (1969)
and Ram Babu er al. (1979). For these stations, the
estimates of rainfall intensity of given duration and
having different recurrence interval have been obtained
using  Gumbel's frequency distribution with the
method of moments. Same procedure has been also
adopted for estimating these values for the remaining
stations. This is described below.

From the available hourly rainfall records the storms
having durations of 3 hours or more were selected. The
rainfall intensity values for each of these stations for
durations of 1 hr, 2 hr, 3 hr, 4 hr and 5 hr, etc. were
calculated for all selected storms as shown in the example
given in Table 1.

Rainfall intensity values, thus calculated for each
station and for each duration, were plotted on Gumbel
frequency distribution curve. In Fig. 2, such a plot for
the rainfall station, New Delhi is shown. It was confirmed
from this and similar plots for other stations that
rainfall intensities of given duration follow Gumbel's
frequency distribution. Using the method of moments,
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Fig. 1. Map of India showing the locations of the recording

raingauge stations and zonal boundaries

TABLE 1

Example for computation of rainfall intensity (Raman e/ «/. 1969)

Duration of Rainfall depth  Cummulative Average
rainfall in successive rainfall intensity
I hr intervals

(hr) (mm) (mim) (mm’'hr)

1 7.0 8.9 8.9

2 8.9 15.9 7.95

3 4.9 20.8 6.93

4 3.5 24.3 6.08

5 2.0 26.3 5.26

6 1.8 28.1 4.68

the rainfall intensites for each station for different 1eturn
periods of 2, 5, 10. 25, 50 and 100-year were then obtained
for each duration. Since the length of record for the
data used is always more than 10 years, therefure. the
data have been deemed suitable for estimating rainfall

intensities having small recurrence interval i.e.. up to
100 years.

The mezan annual rainfall and the maximum mean
monthly rainfall for each station have bzen obtained

from the maps given in the reference, India Met. Dep.
(1971). The 24-hour, 2-year rainfall has been obtained
for each station from the IMD monogriph (Harihar,
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Fig. 2. Gumbel frequency distribution curve

Ayyar and Tripathi 1974),
given below

The

Variable and svmbol used
Duration (1)
Return period (7))

Mean annual rainfall (P)

Max mean monthly rainfall (P,,,.)

Ratio of P te Pu, (P/Puay)
Max 24 hr, 2 yr. rainfall (P.))
Rainfall intensity (/)

Period lor which data are avail-
able

3. Analysis

In genzeal, it has bezn obser

ved that larger

range of data used is

Range
1 hr-24 hr
2 yr-100yr
300 mm-2300 mm
70 mm-700 mm
0.1-0.5
50 mm-165 mm
4.47-135 mm/h-

10 yr-33 yr

rainlall

intensities occur foi shorter dui.mon and Im.h..r intensity
rains occur. less frequezntly. Based o1 these observations
the conventional form of intensity-duration frequency
relationship is given by Chow (1964) :
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where Ki, a and b are constants, ¢ is the duration of
rainfall in hr, 7 is the return period in years and [ is
the intensity in mm/hr. As a first step in the analysis
the effect of duration and return period on the intensity of
rainfall has been studied using the data from all the
eighty stations together. The following relationship

was obtained using the multiple regression analysis :
7020

I = 40.10

IB-T(}

(2)

The multiple correlation coefficient for Egqn. (2)
is 0.90. In order to check the accuracy, the I values
computed using Eqn. (2) were plotted against the
observed 7 values. Eqn. (2) was found to predict results
within 430 per cent error for about 90 per cent data.
This error was considered as too large.

In general, the raingauge stations lying in a meteoro-
logically homogeneous region only are grouped together
for evolving the intensity-duration-frequency relationship
in the form of Eqn. (2). If the rainfall stations selected for
evolving the relationship are not from the meteorologi-
cally homogeneous areas, then the constant appearing in
the relationship can be a function of other hydrometeoro-
logic variables that cause and influence the rainfall.
However, the short period rainfalls appear to be almost
free from geographical dependence. The extreme
values of short period rainfalls are associated with
local convective rainfall cells which have similar physi-
cal propertissin most part of the world (Raudkivi 1979).
Therefore, grouping of data from different meteorological
regions is justifiable if only short duration, ie., less
than 24-hr rainfall intensities are considered.

The accuracy of Eqn. (2) is not considered to be
satisfactory. Therefore, to establish the relationship
for rainfall intensities which is more accurate, the effect
of some other meteorologic variables on rainfall intensity
need to be taken into account.

Rainfall amounts observed during different durations
are not independent events. There is pronounced
dependence between the rainfalls observed during
consecutive hours. This relationship can be illustrated
with estimates ol certain conditional probabilities.
Such relationship is often used in the synthesis of hourly
rains to obtain larger duration rains (Pattison 1965)
and also is segregation of larger duration rains into
smaller duration rains (Hershenhorn & Woolhiser
1987). Hence a long duration rainfall event is supposed
to cover all short duration events and is likely to be
related with them in some form or the other (Gert
et al. 1987, Rao et al. 1983). In order to study the effect
of meteorologic variables on short duration rainfall
intensity of given return period, the variables, wviz.,
mean annual rainfall (P), mean maximum monthly
rainfall (Pm,.), Ratio (P/Pmax) and 24-hour, 2-year
rainfall (Py,) have been considered, as these variables are
also found to take into account effect of other hydrologic
variables as indicated by investigators in earlier studi-
es (Kothyari et al. 1985, Garde and Kothyari 1987 and
Garde and Kothyari 1989). In Table 2 the relationships
obtained for I in terms of these variables are given.
In all, 953 data points have been used to obtain rela-
tionships given in Table 2.

In Table 2, P, Pu:, and P,; arein mm. A close study
of the relationships shown in Table 2 reveals that
inclusion of the meteorologic variables as selected

TABLE 2
Relationships for rainfall intensity

Relationship M.C.C. Error
-3

I= 20,65 — P 0.94 857 points have less
o 7t than -}-30 % error
% 0.16 .

I=24.45 Pax 0.92 839% points have less
1012 than 30 % error
T4 ¢ Pmax\0.10 .

I — 46.80 (__.— ) 0.92 839 points have less
o-70 P than --30 % error
-2 0,33 .

I= 831 ——P 0.96 95 % points have less
poerl 24 than 130 9 error

M.C.C. — Multiple correlation coefficient

above results in improvement in the accuracy of rela-
tionship for rainfall intensity. The exponents of variables
T and ¢ have not changed significantly by inclusion
of other meteorologic variable selected above. Also,
it can be mentioned that the following relationship
gives the most realistic estimates of rainfall intensity
amongst the relationships given in Table 2 :
.20 0.33
I=2C s

()

where C is a constant having value equal to 8.31. 1
is in mm/hr, T is in years, f is in hours and Py, is in mm.

{071 24

In order to study the change in the value of constant
C appearing in Egn. (3) for different geographical
regions, the rainfall intensities predicted using Eqgn. (3)
with C=1.0, have been plotted against the observed rain-
fall intensity values for five different regions, viz., south
India, central India, north India, western India and
eastern India. These geographical divisions have beed
directly adopted from the reference Ram Babu et
al. (1979). Such plot, revealed that use of different
values of C in Eqn, (3) as given in Fig. | in these
geographical regions gives better results. Fig. 3
shows comparisons of / values computed using Eqn.
(3) with value of constant C as given in Fig. 1 with the
observed 7 values. It can be seen from this figure that
Eqn. (3) with C asgiven in Fig. 1 predicts the results
with less than - 18 per cent error for most of the data
points.

3.1. Comparison with other studies

A comparison of Eqn. (3) with the relationships for
rainfall intensity given by Chow (1964), Raudkivi
(1979), Gert et al, (1987), Tung (1986), Sharma (1987),
Hargreaves (1988) and Chen (1983) revealed that the
values of ciponents of variables ¢ and T do not vary
much from place to place. The exponent of T ranges
between 0.18 & 0.26 and that of  ranged between 0.7
& 0.85. This gives more confidence in the results obtained
from present study.

4. Verification of proposed relationship

In order to verify Eqn. (3), additional data of two
stations, viz., Roorkee and Calcutta, which were not
used for establishing Eqn. (3) have been used. The /
computed using Eqn. (3) with value of C taken from
Fig. 1, have been plotted against the I observed values
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Fig. 3. Comparison of observed and computed values of 1
using Eqn. (3)

for these two stations as shown in Fig. 4. This figure
reveals that Egn. (3) with value of Cas givenin Fig. |
gives results with less than 120 per cent error for the
independent data. Thus Eqn. (3) with the value of
constant C as given in Fig. 1 is considered to be satisfac-
tory for prediction of I for known tand 7 values if P, is
known.

5. Conclusions

Use of data from 80 raingauge stations spread
uniformly over several parts of India has been made
to establish a general relationship for rainfall intensity
as given by Egn. (3) with different values of constant

C as given in Fig. 1 for different geographical regions.

The geographical regions as shown in Fig. 1 are able to

predict the rainfall intensity with less than - 18 per cent

error. A comparison of Eqn. (3) with the relationships
commonly used in other parts of the world revealed
that the exponents of the variables # and 7" do not vary
much from place to place.

References

Chen, Cheng-Lung, 1983, “Rainfall Intensity-Duration-Frequency
Formulas™, J. Hydraulic Engg., ASCE, 109, 12, pp. 1603-1621,

Chow, V.T., 1964, Handbook of Applied Hydrology, McGraw
Hill Book Co., New York, USA.

Dhar,0.N. and Kulkarni, A.K., 1971, “A study of maximum one
hour rainfall at some selected stations in south India™,
Seventh Symposium, The Civil and Hydrologic Engg. Depii.,
Water Resources, Indian Institute of Science, Bangalore.

Dhar, O.N. and Ramachandran, G., 1970(a), “Short Duration
analysis of Calcutta rainfall’, Indian J. Met. Geophys., 21, 1,
pp. 93-102.

Dhar, O.N. and Kulkarni, A.K., 1970(b), “Estimation of maximum
one-day rainfall for different return periods in U.P.", Indian
J. Met. Geophys., 21, 2, pp. 259-266.

Dhar, O.N, and Kulkarni, A.K., 1971, “Estimation of maximui
one-day point rainfall of low return periods from mean
annual rainfall”, India Met. Dep., Met. Monogr., No. Hydro-
logy/No. 1.

Dhar, O.N. and Kulkarni, A.K., 1972, “Monthly Probabilities of
intense one-day rainfall over north India™, .J. . & P., 30,
2, pp- 153-156,

2
2X10 1‘ I T 1

2 & CALCUTTA (33 yrs period)
'0 | @ ROORKEE (10yrs penod ) -

L1 1)

L1 !_i.._.,,,_  HERE SRR, [ e R S S B .L_l____.
10‘ 102
1DB‘E-EF?‘JE D{mm/hr)

lll

Fig. 4. Verification of Egn. (3)

Gert, A..Wall, D.J., White, E.L. and Dunn, C.N., 1987, “Regional
rainfall intensity-duration-frequency curves for Pennsylva-
gia". Water Resowrces Bull., Am. Water Resources Assoc,

3, No. 3.

Garde, R.J. and Kothyari, U.C., 1987, “Sediment yield estima-
tion™, J. Irrigation and Power, CBIP, 44, No. 3.

Garde, R.J. and Kothyari, U.C., 1990, “Flood estimation in
Indian catchment”, J. Hydrol., 113, 4, 135-146.

India Met. Dep., 1971, Rainfall Atlas of India, TMD publ.

Harihara Ayyar, P.S. and Tripathi, N., 1973, “One day rainfall of
India for different return period”, India Met. Dep., Mer.
Monogr., Hydrol. No. 5.

Harihara Ayyar, P.S. and Tripathi, N., 1974, “*Rainfall frequency
maps of India™, India Met. Dep., Mer. Monogr., Hydrol. 6,

Hargreaves, G.H., 1988, “Extreme rainfall for Africa and other
developing areas™. [Irrigation and  Drainage  Engg.,
ASCE, 114, No. 2, pp. 324-333.

Hershenhorn and Woolhiser, D.A., 1987, **Desagragation of Jaily
rainfalls™, J. Hvdrol., 95, No. 3/4.

Kothyari, U.C., Garde, R.J. and Seth, S.M., 1985, “Estimation of
annual runoff™, J. Irrig. Power, CBIP, 42, No. 4.

Pattison, A., 1965, “*Synthesis of hourly rainfalls”,
sources Res., 1, No. 4.

Ram Babu, Teiwani,” K.K., Agarwal, M.C. and Bhushan, L.S.,
1979, “*Rainfall intensity-Juration-return period equations
and nomographs of India”, CS & WCRH (ICAR), Dehra Dun.

Raman, V. and Bandyopadhya. M., 1969, “Frequency analysis of
rainfall intensities for Calcutta™, J. Sawnitary Engg. Divn.,
Proc. ASCE, 99, No. 6,

Rao, D.V.L.N., Goyal, S.C. and Kathuria, S.N., 1983, “Interpola-
tion of short duration rainfall from 24-hr rainfall in lower
Godavari basin™, Mausam, 34, 3, pp. 291-298.

Raudkivi, A.L., 1979, An advance introduction to hydrological
processes and modelling, Oxford Pergamon Press.

Sharma, T.C.. 1987, “Modelling extreme rain sequences in
Zambia™, J. Hyvdrol., 93, No. 1, pp. 101-111.

Tung, Yecou-Koung, 1986, ““Uncertainty analysis of national
weather service rainfall frequency atlas”, J. Hydraulic
Engg., 113, No. 2, pp. 179-189,

Water Re-




