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Abstract - Maximum monthly rainfall data of Dhemaji region
in Assam, India for a period of 35 years (1980-2014) were
analyzed. The expected maximum monthly rainfalls by using
the frequency factor approach for probability distributions
viz: Normal, Log-normal, Log-Pearson-11l and Gumbel
distributions for return periods of 2, 5, 10, 25, 50, 100 and 200
years were evaluated. The Weibull’s plotting position method
was used for estimating the observed rainfalls for different
return periods. The observed and expected maximum
rainfalls data were then compared by using goodness of fit by
Chi-square test (32). It was observed that the Log-normal
distribution gave the best fit to predict the maximum monthly
rainfall of Dhemaji region for different return periods. As
per, Log-normal distribution, the maximum monthly rainfall
of 760.0 mm is expected with 50% probability for a return
period of 2 years and. maximum monthly rainfall of 1154.0
mm is expected with 1% probability for a return period of
100 years. The observed maximum monthly rainfalls were
also predicted as a function of return period with the linear
logarithmic  regression  model  with  coefficient  of
determination of 0.9092.
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INTRODUCTION

The heavy rainfalls and the accompanying floods,
waterlogging, soil erosion and sedimentation are a
perennial problems of Assam state in India as a whole and
of Dhemaji region in particular. These problems result in
severe damages of thousands of hectares of fertile lands,
crops ,hydraulic structures and other infrastructures. The
topography, global warming due the heavy deforestation
in this Himalayan region, construction of the roads,
bridges and the houses have also been contributing to the
change of climate of this region and resulting in
variations in magnitudes of rainfalls and extreme events
like floods. It is, therefore, necessary to analyze the
rainfall in this region which would enable to forecast the
extreme hydrological events. In order to predict the
probable frequency of rainfalls for different return
periods, design engineers and hydrologists require
maximum daily or maximum monthly rainfall for the
design of small or big dams , bridges and proper crop
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planning (Agarwal et al., 1988, Nemichandrappa et al.,
2010). Ray et al. (2013) performed the evaluation of
annual maximum rainfall for Central Meghalaya ( North
-East ), India using Normal, Log- normal, Pearson
Type Il and Gumbel type-I probability distributions. The
analysis revealed that Gumbel distribution was the close fit
to estimate the probable rainfall in Central Meghalaya for
different return periods. Many other investigators had also
studied the rainfall distributions in India and abroad by
using frequency ( probability ) analyses using different
probability distributions such as Normal, Log -normal, Log
Pearson-111, and Gumbel, distributions by Bhargava et
al., 1971; Phien and Ajirajah 1984; Duan et al.,1995; Elijet
al. 1999; Topaloglu 2002; Baskar et al., 2006;
Nemichandrappa et al., 2010. 2014; Jain et al., 2012;
Sarkar et al., 2013; Roy,2013 Gilletal ,2013; Shiv
Prasad,2015 and Pegu and Malik, 2015. The detailed
review was presented by Jain and Kumar (2012). Annual
maximum rainfall series of North East India using rainfall
data for the period of 1966 to 2007 of nine distantly located
stations was analyzed by Deka et al. (2009). Their analyses
indicated that the most appropriate test for fitting the
annual maximum rainfall series data for the maximum
number of stations in North East India was the goodness
of fit test.

This study was undertaken to predict the expected
maximum monthly rainfall of Dhemaji region in Assam,
India by using different probability distributions viz
Normal, Log -normal, Log- Pearson-1ll and Gumbel
distributions for different return periods and corresponding
probability levels, to test the fitting performance of these
distributions by Chi- square test and further to develop the
suitable regression model. This analysis of prediction of
expected maximum monthly rainfall would provide
necessary information to the project planners and help in
planning of water conservation measures, designing and
construction of storage structures, planning of cropping
strategies and drainage works of this region.

www.ijert.org 165

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



MATERIALS AND METHODS

The study region Dhemaji is situated in the eastern
most part of Assam at 27°2849”"N  and
94°32'58"E. It is an  area surrounded by Arunachal
Himalaya to its north and east, and the Brahmaputra river
towards its south. The highest magnitude of rainfalls occurs
in this region in the month of July during the monsoon
periods of June to September. The topography of the
Dhemaji region is undulating. The gradient of this drainage
system is high in north and eastern part and gradually
decreases towards the western side and eventually meet the
Brahmaputra river and its tributaries. The statistical
analysis of maximum monthly rainfall data for the period
of 35 years (1980-2014) of Dhemaji region in Assam, India
was performed to predict the probable maximum monthly
rainfall ( MMR) for different return periods based on the
theoretical probability distributions. The four  most
commonly used probability distributions viz Normal, Log -
normal, Gumbel and Log Pearson-1l distributions were
used for the analysis. The best probability distribution
was evaluated by using Chi- square test. The computed
statistical parameters such as mean, standard deviation, co-
efficient of variation and coefficient of skewness were used
to judge the variability of maximum monthly rainfalls of
Dhemaji region.

The monthly rainfall data of Dhemaji region for
the peiod of 35 years (1980-2014) was collected from the
Office of the Executive Engineer, Water Resources
Department, Dhemaji, Assam. The magnitudes of the
maximum monthly rainfalls were taken from these data
for the purpose of analysis. Return period or recurrence
interval (T) which is the interval of time within which
any extreme event of a given magnitude will be equaled
or exceeded at least once was calculated using Weibull's
plotting position method (Chow et al., 2010) by
arranging rainfall data in the descending order and
giving their respective rank as :

T =(n+1)/m Q)

Where n is the total number of years of rainfall record
and m is the rank of observed rainfall magnitudes
arranged in the descending order. If P is the probability of
exceedance of rainfall, then

P=1T @)

Weibull's plotting position method was used for the
evaluation of the observed maximum monthly rainfall in
mm for the return periods of 2, 5, 10, 25, 50, 100 and 200
years.

Frequency factor method for probability distributions:
Frequency or probability distributions help to
relate the magnitude of extreme hydrological events such
as floods, droughts and heavy storms with their number of
occurrence such that their chances of occurrence with
time can be predicted (Singh et al., 2012). The formula
used for the evaluation of the expected values or
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frequency of occurrence of rainfalls were expressed in
term of the frequency factor K .If X, is the expected
value of an event or rainfall corresponding to the return
period T, then

X=X +K. 0 3)

Equation (3) is the frequency factor equation for
calculating the expected value of the rainfall
corresponding to the return period, T and X is the
arithmetic mean of all the rainfalls in the annual series, o
is the standard deviations and T is the return period for
the occurrence of an event of a particular magnitude. The
frequency factor K., depends on the return period T and
the assumed frequency distribution. The values of for
the K, were calculated for the Normal, Log- normal, Log
Pearson type-I11 and Gumbel distributions.

Normal distribution
For the normal distribution, the frequency factor, K, was
determined by the following relation as proposed by
(Chow et al., 2010).

K. = (X‘r - H)/U (4)

This is the same as the standard normal variate z as the
frequency factor, K, for the normal distribution is equal to
z. The value z corresponding to an exceedance of
probability of p, (p = L/T) was calculated by finding the
value of an intermediate variable w as:

w= [piz)]l/z , (0<P<050) (5)

The value of z was estimated using the approximation as:

2.515517+0.802853w+0.010328w?2
Z=w — (6)

1+1.432788w+0.189269w2+0.001308w3

When p > 0.5, 1-p is substituted for p in equation (5) and
the value of the z computed by equation (6) is given
negative sign (Bhakar et al., 2006).

Log- normal distribution

For the log- normal distribution, the values were
transformed into logarithmic form and i.e.

Y=InX )

The expected value of the rainfall X' at the return
period T was calculated as :

X, = exp (Y,) (8)
Y=Y ( 1+ CvyKr) 9)

Where ¥ is the mean and Cvy is the coefficient of
variation of Y and
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K‘t = (Y‘r O WAY (10)

The value of the frequency factor K. was determined by
using equation (10) .

Log Pearson Il distribution

The value of the variate (expected rainfall) X, at the
different return periods was computed by using the
relationship as :

log X = log X+ K;.00gx (11)

Where log X is the mean of the logarithmic values of the
observed rainfall and o4 is the standard deviation of
these observed rainfall values. K, is the frequency factor
and it was taken corresponding to the co-efficient of
skewness (Cs) of the transformed variate (Benson,1968) as

K, = Cis[{(z- %) % +133-1] (12)

Gumbel distribution
For this distribution, the value of the X was determined as:

xr = X+ Ko, (13)
or
X=X (1+CvKy,) (14)

Where X, is the expected rainfall, X is the mean of the
observed rainfall and Cv is the co-efficient of variation
which is equal to o,/X. The frequency factor K, was
determined by the following relation as:

K= — 2240.5772+n[In(T/(T-1)T}. (15)

Testing goodness of fit of probability distribution

The Chi-square test for goodness of fit was used to
evaluate the best fit distribution among these probability
distributions as:

X* =X, (0; —EDYE; (16)
Where O; is the observed rainfall, E; is the expected
rainfall, i is number of observations 1,2,
3 k). The degree of freedom (df) is equal to (N-

k-1). K is the number of classes; N is the number of
parameters in the theoretical distribution. Agrawal et al.
(1988) reported that the best probability distribution
function is one which gives lowest Chi-square value after
comparing the Chi-square values for the different
probability distributions. If y2,, > xZ., for (N-k-1) df, then
the difference between the observed and expected values is
considered to be significant.
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Regression Model
The linear logarithmic regression model (Benoft,
2011) used herein is expressed as:

Y =a+blog X 17)

Where Y is the expected maximum monthly rainfall (mm) ,
X is the return period in years and a and b are the
constants which were determined by the least squares
method that gives the best fitting line for the observed
data by minimizing the sum of the squares of the
deviations between the estimated and the observed
magnitudes of the rainfalls for each data point. The
coefficient of determination (R?) which is ratio of the
explained variation to the total variation was determined
as:

_ Y(Yest— V)2
‘= z&si?)z (18)

Where Y, and Y are the estimated and the average values
of the dependent variable Y, respectively.

RESULTS AND DISCUSSION

The maximum monthly rainfall (MMR) data in
mm extracted from 35 years rainfall data of Dhemaji region
was analyzed using the probability distributions discussed
above. The year-wise fluctuating trend of the maximum
monthly rainfall are shown in Fig.1. The maximum rainfall
of 1101.7 mm was observed in June, 1998 and the least
maximum rainfall of 508.18 mm was recorded in July,
2013.

Maximum monthly rainfall{mm)
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Figl: Year-wise maximum monthly rainfall (mm)

The maximum rainfall was observed in the month of
July though its strength and concentration started
accelerating from the month of May and then June to July.
Again its magnitude gradually decreased from August to
September. The statistical parameters viz mean, standard
deviation, co-efficient of variation and co-efficient of the
skewness, are shown in Table 1. The statistical parameters
presented in Table 1 were used for determination of
probable MMR (mm) for the different probability
distributions. The average rainfall during the monsoon
season (total of June to September) was observed about
2182.7 mm. The average maximum monthly rainfall during
the period of 1980-2014 was recorded 771.8 mm.
The observed MMR (mm) for the period of 35 years was
predicted against different return periods are shown in
Fig.2. The expected MMR (mm) for the different return
periods of 2, 5, 10, 25, 50,100 and 200 years and their
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corresponding probability levels as analyzed by the
Normal, Log- normal, Gumbel and LogPearsn-lil
distributions are presented in Table 2. The expected MMR
(mm) for the different probability distributions are shown
in Fig. 3. It was observed that the trend of the expected
rainfall were the same as the observed rainfall. The best fit
probability  distribution among these probability
distributions were determined by the Chi-square goodness
of fit test. The results of the Chi-square test are shown in
Table 3.
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Table 1. Summary of statistical parameters for maximum monthly rainfall

(mm)
Mean 771.8
Standard deviation 137.1
Coefficient of variations 0.177
Skewness coefficient -0.17

Table 2: Observed and expected MMR (mm) at different return periods and probability levels

Probability, % Return period, Observed Expected rainfall (mm)
years rainfall (mm) Normal Log-normal Gumbel Log-Pearson-
11
50 2 764.0 771.8 760.0 749.3 763.8
20 5 883.3 885.6 883.9 870.5 885.0
10 10 979.6 945.1 956.6 950.7 963.1
4 25 1054.6 1008.6 1040.7 1052.1 1029.4
2 50 1049.6 1198.8 1127.3 1080.6
1 100 1086.5 1154.0 1202.0 1127.9
05 200 1120.2 1206.8 1276.4 11724

Table 3: Chi-Square values at different probability levels for different probability distributions

Probability, % Return period, Chi-Square values
years Normal Log-normal Gumbel Log-Pearson-111
50 2 0.080 0.021 0.287 0.000
20 5 0.006 0.000 0.187 0.004
10 10 1.259 0.556 0.879 0.739
25 2.097 0.187 0.006 0.617
50
100
0.5 200
Total 3.442 0.764 1.359 1.359
The Chi-square test revealed that the log -normal The coefficient of determination (R?) for the regression

distribution was found to be the best fit distribution with
minimum Chi-square value of 0.764 as compared to the
other distributions viz Normal, Gumbel and Log -Pearson-
Il distributions with Chi- square values of 3.442, 1.359
and 1.359, respectively. The analysis performed by log-
normal distribution showed that the expected maximum
monthly rainfall for the return period of 2 years with 50%
probability

was 760.0 mm and the rainfall of 883.9, 956.6, 1040.7,
1098.8, 1154.0, 1206.8 mm were expected for the return
periods of 5, 10, 25, 50,100 and 200 years, respectively.
The probable maximum rainfall of 760.0 mm in return
period 2 years was the most expected maximum monthly
rainfall in the area under study which is approaching to its
average rainfall of 771.8 mm.

The logarithmic transformed regression model ( Fig. 2 )
was developed from the observed maximum monthly
rainfall magnitude ( Y ) as a function of the return period (
X') and is described as :

Y = 627.72 + 151.57 In (X) (19)
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model relating maximum monthly rainfall
with return period was estimated to be 0.9092 which
showed that there is a very close relationship.

Rainfall (mm)

Observed maximum monthly rainfall

y = 151.57In(x) + 627.72
R2 = 0.9092

——

10.00

Return period, T- Years
== Maximum monthly rainfall

1.00 100.00

Fig. 2: Observed maximum monthly rainfall (mm) with return period in

years (Weibull method).
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Expected maximum monthly rainfall at
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Fig. 3: Expected maximum monthly rainfall (mm) at different probability
levels.

CONCLUSION

The maximum monthly rainfall (MMR) data of Dhemaji
region in Assam, India for the period of 35 years (1980-
2014) indicated large variations of rainfall every month and
year whereas the highest magnitude of 1101.7 mm and the
lowest MMR of 508.1 mm were observed in 1998 and
2013, respectively. It was observed that the MMR data of
Dhemaji region fitted best to the Log-normal distribution.
The probability analysis of the MMR of this region
performed by log- normal distribution showed that the
probable maximum monthly rainfall of 760.01 mm is
expected in every 2 vyears return period with 50%
probability and MMR of 1154 mm is expected in 100 years
with 1% probability. The coefficient of determination for
the linear logarithmic regression model for predicting the
maximum monthly rainfall as a function of return period
was estimated to be 0.9092.
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