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ABSTRACT
Intensity-Duration-Frequency Analysis is the statistical method of estimating the rainfall intensity corresponding to a
particular return period and duration. Historical rainfall data from a rain gauge is required to perform the analysis. In
the present study, Gumbel’s Distribution is used to estimate the frequency factor for different return periods and to
obtain the rainfall intensities corresponding to different durations. The obtained results are also compared with the
empirical relations that were proposed in the past studies to generate the IDF curvesbased on geographical location.
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INTRODUCTION
The Intensity-Duration-Frequency Curve (otherwise known as the IDF Curve) is a graphical representation of
the variation of intensity of rainfall (mm/hr) with respect to the varying durations of rainfall for a given return
period. From past studies, it was noted that thenormal distribution would not be able to accurately predict
extreme events. Hence,many studies in the past have suggested using extreme value distributions to perform
the IDF analysis of rainfall extremes. In fact, Gumbel (1954) stated that one of the main applications of the
extreme value theory is in hydrology for modeling extreme events. Numerous researchers have contributed
towards extreme value distributions and their applicationsin hydrology. One of the most common
termfrequently used in IDF analysis is return period. The return period is the term used to signify the
probability of a rainfall of a certain intensity to occur. In other words, it is the average number of years in
which a rainfall of a certain magnitude will occur at least once. The return period is a statistical measurement
which is derived based on the historical rainfall patterns of an area. The term Return Period was first coined
by Weston E. Fuller, whose basis was purely empirical and stated that the magnitude increases as the
logarithm of time increases. Gumbel (1941) suggested a theoretical way of defining the return period of an
event. Using the return period, Chow (1988) developed a method of evaluating the value of the frequency
factor for the Gumbel’s distribution depending on the return period of the event.The probabilistic
representation of the return period is the exceedance probability, which is the reciprocal of the return period.
Dupont and Allen (2000) used a simple method of generating the IDF curves using the Gumbel’s distribution.
It involves the usage of the frequency factor, developed by Chow (1988). Similar methods are also used by
many other researchers to perform flood frequency analysis (Elsebaie, 2012). Though, it is established that
historical rainfall data is required for performing the IDF analysis, rainfall data cannot always be obtained
with ease. Hence, certain empirical equations have been developed in the past, the most well-known equation
was developed by Sherman (1931). This equation helps obtain the rainfall intensities based on the geographic
location by varying the parameters. RamBabu et al. (1979) estimated the parameters for various cities in India.
The results of RamBabu et al. (1979) for the city of Chennai is obtained and compared with the results
obtained by the present study. The equations and methodologies used in the current study are taken from
Chow (1988).



876 James Jesudasan Julius, M Janga Reddy

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

STUDYAREA
The study region selected was the Adyar river basin which is a part of the Chennai Metropolitan Area, Tamil
Nadu. The rainfall data were collected for a period of 15 years ranging from June 2000-May 2014 for a rain-
gauge located in Tharamani, Chennai. The data was obtained from the State Surface and Ground Water Data
Centre, Chennai. The reason Chennai was selected is due to increase in thefrequency of extreme storm events
over the past few decades (2005, 2008, and 2015). Rapid Urbanization of the city along the banks of the river
acted as a catalyst and exacerbated the situation, increasing the cost of damage(Suriya and Mudgal, 2012).
Increased urbanization leads to increased impervious surfaces which in-turn leads to higher discharges.

METHODOLOGY
Probability Density Function (PDF): It is used to specify the probability that a random variable lies within a
specific range. In this case, the random variable is taken as the rainfall depths/intensities. Most variables in the
field of hydrology are random as they are generated by natural processes. The probability that a random
variable lies within aspecific range is given by[ < < ] = ( )
Where f(x) is afunction of the probability distribution and X is the random variable.

Cumulative Distribution Function (CDF) :It is used to specify the probability of a random variable being less
than a specific value. It is denoted by F(x).( ) = [ ≤ ] = ( )
In the field of hydrology, the x is taken as the threshold value above which the event is considered to be a
flood. Hence, if we say that F(x) is the probability of non-exceedance, then we may be able to conclude that,( ) = 1 −
Where P is the Exceedance Probability. ( ) = 1 − 1
Gumbel’s Distribution: There are multiple probability distributions which may be fitted to obtain the IDF
curve, but the Gumbel’s distribution is one which deals with extreme values. While Normal distribution can
be used for monthly streamflow or rainfall, the Gumbel’s Distribution is used for the extreme events such as
extreme highs like floods and extreme lows like droughts. The distribution was proposedby Gumbel (1935).

The PDF of Gumbel’s distribution is given by

( ) = 1 ( (
The CDF of Gumbel’s distribution is given by ( ) =
The Gumbel’s distribution has two parameters which must be estimated; location parameter, µ and scale
parameter β > 0. The random variable x denotes the rainfall depth/intensity.

Parameter Estimation: The method of moments is used to estimate the parameters of Gumbel’s distribution
(Bowman and Shenton, 1998). In statistics, moment is aconcept used to represent the shape of a set of points.
In the case of a probability density, the zero-th moment represents total probability, and the first moment is
the mean. The equation to calculate the nth moment is
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= ( − ) ( )
The zero-th and first moments are taken about the origin. Hence the value of c is zero. Since we know that the
first moment is the mean of the distribution, we can set the values 0 and 1 to c and n respectively in the
equation and equate it to the mean of the distribution.

Using the method of moments, the parameters are estimated to be,= √ ( )and = − 0.5772
Where = Standard deviation of the distribution; and = Mean of the distribution.

The transformation = can be used to simplify the expression of the PDF and CDF.

The CDF may be rewritten as, ( ) =
The above function is invertible. The inverse function can be obtained by taking natural log twice on either
side. = − ln(− ln( ( )))= − ln − ln 1 − 1= − ln ln − 1
The transform used above can be rewritten as = += − 0.5772√6 ( ) − √6 ( ) ln ln − 1= − √6 0.5772 + ln ln − 1
Chow (1964) proposed that, = +
Here, is the frequency factor.

Comparing both the equations, it is concluded that= −√6 0.5772 + ln ln − 1
The frequency factor is dependent on the value T. Hence, the frequency factors corresponding to different
return period is obtained.

RESULTS AND DISCUSSION
The intensity-duration-frequency analysis was carried out using the hourly rainfall data obtained for Chennai
city.Since, the studyismodelling an extreme event, the maximum rainfall intensities of each year are taken into
consideration.  The hourly, 2 hourly, 3 hourly, 6 hourly, 12 hourly and daily maximum values for each year is
taken and the intensity is plotted with respect to theduration,for various return periods. The rainfall depths
were converted into intensity by dividing the values by the duration. To perform the IDF analysis, the
Gumbel’s distribution was used to obtain the frequency factor for different return periods. The
estimatedfrequency factors for different return periods are given in Table 1.
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Table 1. Frequency Factors for Different Return Periods

Return Period, T 2 5 10 50 100

Frequency Factor, KT -0.16427 0.719457 1.304563 2.592288 3.136681

Once the frequency factors are estimated, the rainfall intensities are found using the equation,= +
Where and are the mean and standard deviation obtained for the annual maximum rainfall intensities for
different return period.

Hence, the distribution can be made between the duration and return period

Table 2. Intensity-Duration-Frequency Relations obtained using Gumbel’s method
Duration
(hrs)

Intensity values (in mm/hr)

for Return Period of

2 Year 5 Year 10 Year 50 Year 100 Year

1H 47.1254 60.9373 70.0819 90.2078 98.7162

2H 30.8942 38.6489 43.7831 55.0828 59.8598

3H 23.8403 28.5165 31.6125 38.4263 41.3069

6H 14.1008 18.7334 21.8006 28.5511 31.4049

12H 8.2680 11.1010 12.9767 17.1049 18.8500

24H 5.0541 6.9114 8.1411 10.8474 11.9915

Table 2 shows the variation in rainfall intensity with respect to rainfall duration for a given return period. For
any given storm duration, the intensity increases as the return period increases. In the same way, for a given
return period, events with theshortest duration have the highest intensity. It is seen that a rainfall of highest
intensity is one which has a greater return period and a shorter duration.

Sherman (1931) proposed a method of generating the IDF relationship when the rainfall data for the study
region is not available. An empirical equation was developed to find the intensity of rainfall depending on the
return period and storm duration. The equation contained constants which were dependant on the geographical
location. = ×( + )
Where,i is the intensity ofrainfall, cm/hr; T is the return period in years; t is the rainfall duration in hours; k, a,
b and n are the constants.

Ram Babu et al. (1979) analyzed the characteristics of 42 rainfall stations throughout India and estimated the
values of the constants for different regions in India. The values were estimated to be 6.126, 0.1664, 0.5 and
0.8027 for k, a, b and n respectively for the city of Chennai.

Using the empirical relationship developed by Sherman (1931) andthe parameters suggested by RamBabuet
al. (1979), the IDF relationships wereinvestigated for the city of Chennai. The estimated values are presented
in Table 3.
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Table 3. Intensity-Duration-Frequency Relations obtained using the Empirical Equation

Duration
(hrs)

Intensity values (in mm/hr)

for Return Period of

2 Year 5 Year 10 Year 50 Year 100 Year

1H 49.6303 57.7836 64.8299 84.6846 95.0114

2H 32.9308 38.3407 43.0161 56.1901 63.0422

3H 25.1339 29.2630 32.8315 42.8864 48.1161

6H 15.2889 17.8007 19.9714 26.0877 29.2689

12H 9.04335 10.5290 11.8129 15.4307 17.3124

24H 5.2680 6.1335 6.8814 8.9889 10.0850

On comparing the results obtained for IDF analysis from Gumbel’s method with that of the empirical
equation, it can be noticed that the estimated rainfall intensitiesare more or less similar for both the methods.
The IDF relationships can also be represented as a graph. This graphical representation of the variation of
rainfall intensity with respect to rainfall duration for various return intervals is known as the Intensity –
Duration –Frequency Curve. Fig.1(a)and 1(b) show the IDF curvesobtained using Gumbel’s method and
empirical equation for the study.

Fig 1. Intensity-Duration-Frequency Curves obtained for the Study Area using (a) Gumbel’s method
(b) Empirical Equation

For further work, the rainfall intensities obtained for different durations can be used to generate the flood
hydrographs for design flood events. In usual cases, aflood of higher return periods is considered for
hydrological design as floods of higher return periods cause more damages. Once the return period and the
durations are fixed, the rainfall intensity can be estimated and use it to generate flood hyetograph. This data
can be used in hydrologic models such as HEC-HMS to obtain the flood hydrograph for the event.
Furthermore, hydraulic modeling can be carried out to obtain the inundation map for aparticular scenario
using models such as HEC-RAS.

SUMMARY
This study presented the rainfall Intensity-Duration-Frequency analysis for a site in Chennai city.The rainfall
depths collected from the rain-gauge for a period of 15 years was used to generate the IDF curves using the
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Gumbel’s method. The results of theIDF analysis obtained using Gumbel’s method was then compared with
the results obtained by the empirical equation given by RamBabu (1979) and were found to be synchronous.
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