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Abstract—Rainfall is a scarce and an important hydrological 
variable in dry land areas. The need for water in these areas 
increases daily due to population growth, economic development, 
urbanization and consequently, water management using all 
available resources is becoming increasingly crucial. Therefore 
probability analysis of rainfall is necessary for solving various water 
management problems and to access the crop failure due to deficit or 
excess rainfall. Scientific prediction of rain and crop planning may 
prove a significant tool in hands of farmers for better economic 
returns. Frequency analysis of rainfall data has been attempted for 
different rainfall period. Frequency analysis helps us determined 
expected rainfall at various chances. A major step in frequency 
analysis of precipitation involves selection of a suitable distribution 
for representing precipitation depth to investigate the extremes. Four 
distributions namely Gumbel, Log Pearson Type III, Log Normal and 
Van Te Chow can be applied for prediction of annual maximum 
rainfall. The daily rainfall data of 26 years of Rorkee, Uttarakhand 
collected from National Institute of Hydrology have been used in this 
study. The paper tries to fit various theoretical probability 
distributions to annual maximum rainfall for one day, two 
consecutive days, three consecutive days, four consecutive days; and 
to select the best probability distribution  for annual maximum 
rainfall prediction for daily, two consecutive days, three consecutive 
days, four consecutive days. 
 
Keywords: Gumbel, Log Pearson Type III, Log Normal, Van Te 
Chow. 

1. INTRODUCTION 

Rainfall is one of the most important natural input resources to 
crop production and its occurrence and distribution is erratic, 
temporal and spatial variations in nature. Most of the 
hydrological events occurring as natural phenomena are 
observed only once. One of the important problem in 
hydrology deals with the interpreting past records of 
hydrological event in terms of future probabilities of 
occurrence. Analysis of rainfall and determination of annual 
maximum daily rainfall would enhance the management of 
water resources applications as well as the effective utilization 
of water resources (Subudhi, 2007). Probability and frequency 
analysis of rainfall data enables us to determine the expected 

rainfall at various chances (Bhakar et al., 2008). Such 
information can also be used to prevent floods and droughts, 
and applied to planning and designing of water resources 
related to engineering such as reservoir design, flood control 
work and soil and water conservation planning (Agarwal et al., 
1988 and Dabral et al., 2009). Though the rainfall is erratic 
and varies with time and space, it is commonly possible to 
predict return periods using various probability distributions 
(Upadhaya and Singh, 1998). Therefore, probability analysis 
of rainfall is necessary for solving various water management 
problems and to access the crop failure due to deficit or excess 
rainfall. Scientific prediction of rains and crop planning done 
analytically may prove a significant tool in the hands of 
farmers for better economic returns (Bhakar et al., 2008). 
Frequency analysis of rainfall data has been attempted for 
different return period (Bhakar et al., 2006; Barkotulla et al., 
2009; Nemichandrappa et al., 2010; Manikandan et al., 2011 
and Vivekanandan, 2012). Probability and frequency analysis 
of rainfall data enables us to determine the expected rainfall at 
various chances. The probability distribution functions most 
commonly used to estimate the rainfall frequency are normal, 
log-normal, log-Pearson type-III and Gumbel distributions. 
There is no widely accepted procedure to forecast one day, 
two consecutive days, three consecutive days, four 
consecutive days  maximum rainfall . In the present study, an 
attempt was made to determine the statistical parameters and 
annual one day, two consecutive days, three consecutive days, 
four consecutive days maximum rainfall using various 
probability levels using four probability distribution functions, 
viz., normal, log-normal, log-Pearson type-III and Gumbel 
distribution and to select the best probability distribution 
system. 

2. MATERIALS AND METHODS 

The rainfall data for 26 years (1987-2012) were collected from 
National Institute of Hydrology (NIH), Roorkee which is 
located at 29° 51' N and 77°. 53' on the south bank of Solani 
River and 274 meters above the mean sea level. The Upper 
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Ganges Canal is the most important feature and adds beauty to 
the city. Running from north to south, it divides the city in two 
distinct parts. 

The city receives an annual average rainfall of 1068 mm out of 
which the average monsoon rainfall is 878 mm.  

The four probability distributions that are adopted for analysis 
are the Gumbel, Log Pearson Type III, Log Normal and Van 
Te Chow distributions. These distributions are elaborated in 
the upcoming sections. 

2.1 Plotting position method 

The purpose of frequency analysis of an annual series is to 
obtain a relationship between the magnitude of the event and 
its probability of exceedence. The probability analysis may be 
made either by empirical or by analytical methods. A simple 
empirical technique is to arrange the given annual extreme 
series in descending order of magnitude and to assign an order 
number m. thus for the first  entry m - 1, for the second entry 
m = 2, and so on. till the last event for which ni - Number of 
years of record. The probability P of an event equaled to or 
exceeded is  given by the Weibull formula. 

P = m/ (N+1) ….(3.1) 

T= 1/P 

where T is recurrence interval in years. 

The empirical formulae, i.e. equation (3.1) was used to 
calculate the exceedence probability of the event, equation 
(3.1) is considered to be the most popular and frequently used. 
The plot of daily maximum rainfall vs return period, T yields 
the probability distribution. A logarithmic scale period for T is 
often advantageous. This simple empirical procedure can give 
good results for small extrapolations and the errors increase 
with the amount of extrapolation. For accurate work, various 
analytical calculation procedures using frequency factors are 
available. These methods include Gumbel's extreme value 
distribution, Log Pearson Type III, Log Normal and Van Te 
Chow distributions. The methods of fitting these distributions 
are described further. 

2.1.1 Gumbel’s extreme value distribution 

The Gumbel's extreme value distribution was introduced by 
Gumbel (1941) and is commonly knownn as Gumbel's 
distribution. It is one of the most widely used probability 
distribution function for extreme values in hydrologic and 
meteorological studies for the prediction of flood peaks, 
maximum rainfalls, maximum wind speed etc.  

Chow (1951) showed that most frequency distribution 
functions applicable in hydrologic studies can be expressed by 
the following equation known as equation of hydrologic 
frequency analysis: 

XT= തܺ ൅  nߪܭ

Where XT is the value of the variate X of random hydrologic 
series with a return period of T, തܺ is the mean of the variate, ߪ 
is the standard deviation of the variate and K is the frequency 
factor. 

Since practical data series of extreme events of rainfall depth 
have finite length records, equation (3.3) is modified to 
account for finite sample size N for practical use as given 
below: 

XT= തܺ ൅  n-1      … (3.4)ߪܭ

In which ߪn-1 represents the standard deviation of sample and 
is expressed by the equation 

n-1=ටߪ
ሺ௑ି௑ሻതതതതమ

ே
      … (3.5) 

The frequency factor K, is expressed by the equation as, 

K=	
௒೅ି௒ത

ௌ೙
      …(3.6) 

Where YT is the reduced variate that depends on recurrence 
interval T and is expressed by the equation- 

YT =-[ln(ln T/(T-1))]   …(3.7) 

in which Y is the reduced mean in equation(3.6), and depends 
on the sample size N. Sn is the reduced standard deviation in 
equation (3.6). Yn and Sn corresponding to sample size N are 
selected. 

The equations (3.4 to 3.7) are used to estimated extreme 
rainfall magnitude corresponding to given recurrence interval 
based on annual rainfall series 

1. The 26 years rainfall is assembled for the sample size N 
in the present study. Annual maximum rainfall value is 
considered as the variate X, the mean of the variate തܺ  and 
standard deviation of the sample, ߪ௡ିଵ for given data is 
calculated. 

2. Tables from appendix of Subramanyam(2009) are used to 
find the reduced mean തܻ n and the reduced standard 
deviation  ܵ௡̅corresponding to sample size N equal to 26. 

3. The reduced variate, YT for a given return period, T is 
given by the equation (3.7). 

4. The frequency factor is computed by equation (3.6). 
5. The required value of variate X of random annual 

maximum rainfall series with return period T is computed 
by equation (3.4) 

2.1.2 Log Pearson Type III 

This distribution is extensively used in USA for the projects 
sponsored by the US government. In this the variate is first 
transformed into the logarithmic form (base 10) and 
transformed data is then analyzed. If X is the variate of a 
random hydrologic series, then the series of variates where 

Z=logX     …(3.8) 
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For this series determined by the eqution (3.8), the equation 
(3.3) can be expressed as: 

ZT =ܼ̅ ൅  z   …(3.9)ߪ௭ܭ

in which Kz is the frequency factor which depends on 
recurrence interval T and coefficient of skewness, Cs, Z is the 
mean of Z values and ߪz is standard deviation of Z value 
sample, ߪz can be expressed as- 

z=-ටߪ
∑ሺ௓ି௓ሻതതതమ

ேିଵ
      …(3.10) 

Coefficient of skewness is 

Cs =ට
ே∑ሺ௓ି௓ሻതതതమ

ሺேିଵሻሺேିଶሻሺఙయሻ
    …(3.11) 

After finding ZT using equation(3.9), the corresponding value 
of variable, XT is obtained using the equation: 

XT = antilog ZT    …(3.12) 

2.1.3 Log Normal distribution 

Log normal distribution is a special case of Log-Pearson type 
III distribution. When the skew is zero, i.e. CS =0, Log Pearson 
type III distribution reduces to Normal distribution. The other 
statistics like ܼ̅ is calculated for transformed rainfall data and 
 z can be calculated from equation (3.10), the value of KZ forߪ
a given return period T and CS =0 is read from appendix of 
Subramanyam(2009). A Log Normal plots a straight line on 
logarithmic paper. 

2.1.3 Van Te Chow distribution 

In the Van Te Chow distribution, the plotting position is 
assigned to each annual maximum rainfall value arranged in 
decreasing order of magnitude. If rank of X value is m, its 
plotting position for return period 

T=
ேାଵ

௠
    …(3.13) 

Where N is equal to total number of years of observation 

ZV= log[logT – log(T-1)]    …(3.14) 

ZV=loglog 
்

்ିଵ
    …(3.15) 

On substitution of value of T  

ZV=loglog 
ேାଵ

ேାଵି௠
    …(3.16) 

The regression analysis between variable X and Y computed 
through equation 

XT= A+BZ    …(3.17) 

In which A and B are constants, which can be determined by 
the following  equation- 

A= (∑ 
௫௜

ே
 ) – (B∑

௓೔
ே

)    …(3.18) 

B=
∑௓௜௑௜ି∑୞୧

ೋ೔
ಿ

∑୞୧మି
∑ౖ౟మ

ಿ

      …(3.19) 

When the constants A and B are determined, the equation 
(3.17) can be used to determine XT for any desired return 
period T. The theoretical extreme rainfall magnitudes were 
computed based on equation (3,17), corresponding to slected 
recurrence intervals of 1.05, 1.11, 1.25, 2, 5, 10,25, 50 and 100 
years. 

2.2 Goodness of Fit Criteria 

2.2.1 Chi-Square test 

Chi –square test is a statistical hypothesis test in which the 
sampling distribution of the statistic is a chi-squared 
distribution when the null hypothesis true. The following 
equation can be used to calculate the Chi-Square values 

X2=(
ሺோை	ି	ோாሻమ

ோ௢
ሻ    …(3.20) 

Ro and RE are the observed and estimated rainfall magnitudes, 
respectively. The distribution with the least average value of 
the Chi- Square values is adjusted to be the best. 

2.2.2 Percentage absolute deviation 

The goodness of the fit of the computed and observed rainfall 
magnitudes can also tested using percentage absolute 
deviation (PAD) which can be expressed as: 

PAD=| 
ோ௢ିோ௘

ோ௢
|*100    …(3.21) 

Where PAD is the percentage absolute deviation of the 
compound extreme rainfall values with respect to the observed 
values 

2.2.3 Integral square error 

The integral square error (I.S.E ) was used to measure the 
goodness of fit between the observed and estimated extreme 
rainfall. The integral square error values of distribution were 
estimated as 

ISE= 
ඥ∑ሺோா௜ିோ௢௜ሻ మమ

∑ୖ୭୧
     …(3.22) 

Roi and Rei are the observed and estimated values of the 
extreme rainfall magnitudes illustrated in the upcoming tables 
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3. RESULTS AND CALCULATIONS 

 

For 1 day maximum rainfall 
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For 2 day consecutive maximum rainfall 

 

For 3 day consecutive maximum rainfall 

 
For 3 days consecutive maximum rainfall 
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For 3 days consecutive maximum rainfall 

op

 

For 4 days consecutive maximum rainfall       

4. SUMMARY AND CONCLUSION 

1. The minimum average values using three different 
goodness of fit criterion viz. Chi square test, Percentage 
Absolute deviation and Integral Square Error(ISE) were 
found 5.79,19.88 and .198 in case of Gumbel distribution 
for one day maximum rainfall and 1.370, 8.688 and .0868 
in case of Log Normal distribution for two consecutive 
days. 

2. The minimum average values using three different 
goodness  of fit criterion viz. Chi square test, Percentage 
Absolute deviation and Integral Square Error(ISE) were 
found 0.758, 6.02 and .0602 in case of Log Normal  
distribution for three consecutive day maximum rainfall 
and 1.746, 7.709 and  0.077 in case of Log Normal 
distribution for four consecutive days. 

3. The Gumbel distribution was found to be the best fit for 
one day annual maximum rainfall value of Roorkee based 
on performance evaluation criteria. 

4. The Log Normal distribution was found to be the best fit 
for prediction of two, three and four consecutive day 

annual maximum rainfall values of Roorkee based on 
performance evaluation criteria. 
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