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Different continuous probability distribution was used to characterize the
annual rainfall of Yadgir district. The best fitted distributions for the annual
rainfall data are Weibull (3P), GEV, Gamma (3P) and Gumbel based on
KS-test. Nearly more than 70% of annual rainfall received from south
monsoon (kharif season), the best fitted probability distribution for the
period of south west monsoon are Weibull (2P), GEV, Gamma (3P), and
Weibull (3P) based on KS-test. Among south west monsoon period
September is highest receiving rainfall month, the best fitted continuous
distributions are exponential, Gamma and Weibull (2P) based on KS-test.

Introduction

Rainfall is an important element of economic
growth of an area or region, especially in a
country like India, where a large number of
people are occupied in agricultural activities.
The amount of rainfall does not show an
equal distribution, either in space or in time. It
varies from heavy rain to scanty in different
parts. It also has great regional and temporal
variations in distribution. The characterization
of rainfall distribution over different periods
in a year is very important. Country’s
economy is highly dependent on agriculture.
The rainfall distribution is often cited as one

of the more important factors in cropping
pattern in India. Systematic and instant
attention should be given to know the
distribution of rainfall in terms of seasons,
months, weeks receiving rainfall.

Rainfall distribution pattern has considerable
impact on agriculture sector of Asia Pacific
region. The extreme events like floods,
droughts frequently occur as a result of
growth in population, increased urbanization
and decreased intensity of rainfall and forest
area. The different continuous probability are
used in hydrological studies such as release
water from water reservoirs from high level
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areas to low level areas. Probability
distribution can also be used in defining
distribution of drought, floods in different
calendar years. If the distribution of rainfall
pattern known well in advance a major socio
economic damage can the managed.

Materials and Methods

Yadgir district which lies in Hyderabad-
Karnataka (HK) is a new district and is 5
years old and it consists of 19 rain gauge
stations out of which 16 are functional. The
district lies in North Eastern Dry Zone of
Karnataka (Zone -11) and enjoying semi-arid
type of climate. The district has three taluks
viz, Shahapur Shorapur and Yadgir

Distributions of rain gauge stations in
different taluks are as follows.

Shahapur:  Shahapur,  Gogi, BI,Gudi,
Wadgera, Dorana halli.

Shorapur:  Shorapur, Kakkeeri, Kodekal,
Narayanapur, Hunasagi, Kembhavi.

Yadgir:  Yadgir, Saidapur,  Gurmitkal,

Balichakra, Konakal.

For the present study rainfall data of Yadgir
district was collected for the newly created
district from the district data from 2010 to
2013 and the data for the previous period
(1980 — 2009) was collected from the data of
Kalburgi district of which Yadgir was a part.

Daily rainfall data of sixteen functional
raingauge station located in three taluks of
Yadgir district was collected from AICRP on
Agrometeorology of UAS Bengaluru and
Directorate of Economic and Statistics for
period (1980- 2013)

The table of Standard Meteorological Weeks
was used to convert the daily rainfall data into
weekly data. This standard table divided the
entire year with 365 days into 52 Standard
Meteorological Weeks out of which weeks

pertaining to South West monsoon were
considered for study i.e. 23 week to 39"
week (June to September).

Among the weather parameters, amount of
daily rainfall (mm) was considered to fit
appropriate probability distributions. The
probability distributions viz. normal, log
normal, Gamma (1P, 2P, 3P), generalized
extreme value (GEV), Weibull (1P, 2P, 3P),
Gumbel and Pareto were used to evaluate the
best fit probability distribution for rainfall.

Description of parameters
Shape parameter

A shape parameter is any parameter of a
probability distribution that is neither a
location parameter nor a scale parameter (nor
a function of either or both of these only, such
as a rate parameter). Shape parameters allow
a distribution to take on a variety of shapes,
depending on the value of the shape
parameter. These distributions are particularly
useful in modeling applications since they are
flexible enough to model a variety of data
sets. Examples of shape parameters are
skewness and kurtosis.

Scale parameter

In probability theory and statistics, a scale
parameter is a special kind of numerical
parameter of a parametric family of
probability distributions. The larger the scale
parameter, the more spread out the
distribution. The scale parameter of a
distribution determines the scale of the
distribution function. The scale is either
estimated from the data or specified based on
historical process knowledge. In general, a
scale parameter stretches or squeezes a graph.
The examples of scale parameters include
variance and standard deviation.
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Location parameter

The location parameter determines the
position of central tendency of the distribution
along the x-axis. The location is either
estimated from the data or specified based on
historical process knowledge. A location
family is a set of probability distributions
where p is the location parameter. The
location parameter defines the shift of the
data. A positive location value shifts the
distribution to the right, while a negative
location value shifts the data distribution to
the left. Examples of location parameters
include the mean, median, and the mode.

The parameters estimation techniques used
for continuous probability distribution are

1) Method of maximum likelihood.

i) Method of moments.

Method of maximum likelihood

X1, Xz, Xs,... Xp have joint density denoted
fo (X1, X2,..., Xp) = (X1, Xz,..., Xn|0)

Given observed values

X1 = X1, X2 = Xo,..., Xi = X1, the likelihood of
0 is the function

lik(0) = f(X1, Xy,..., X1]0) considered as a
function of 0.

If the distribution is discrete, f will be the
frequency distribution function. In words:
lik(8)=probability of observing the given data
as a function of 0.

Definition: The maximum likelihood estimate
(MLE) of 6 is that value of 0 that maximises
lik(0): it is the value that makes the observed
data the “most probable”.

If the X, are iid, then the likelihood simplifies
to

lik(8) = z f(x,/6)

Rather than maximising this product which
can be quite tedious, we often use the fact that

the logarithm is an increasing function so it
will be equivalent to maximise the log
likelihood:

1(0) = img( f(x,/0)

i=1
Properties of MLE

Any consistent solution of the likelihood
equation provides a maximum of the
likelihood with probability tending to unity as
the sample size (n) tends to infinity.

A consistent solution of the likelihood
equation is  asymptotically  normally

distributed about the true &, thus § is

asymptotically N[QO, ]as n tends to o«

1
1(6,)

IF MLE exists it is the most efficient in the
class of such estimators.

If a sufficient estimator exists, it is a function
of the maximum likelihood estimators.

Method of Moments

The method of moment is probably the oldest
method for constructing an estimator, this
method of estimation discovered by Karl
Pearson, an English mathematical statistician,
in the late 1800°s

Suppose a random variable X has density
f(x|0), and this should be understood as point
mass function when the random variable is
discrete otherwise density function.

The k-th theoretical moment of this random
variable is defined as

u, = E(X"):J.xkf(xle)dx
or u, =E(X¥)=3"x*f(x/6)
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If Xy, - - -, X, are i.i.d. random variables from
that distribution, the k-th sample moment is

1 n
defined as m, = HZ X
i=1

thus mk can be viewed as an estimator for pk.
From the law of large number, we have
mk — pk in probability as n — oo.

Properties of Method of Moments

Let X; X1,X2,X3...,Xn ba random sample of size
n from a population with p.d.f f{x,©0). Then X;
(=1,2,...,n) are iid X" (I = 1,2,...,n) are iid
Hence if E(X) exists then by by W.L.L.N., we
get

I, :
Hin —E(X)=m = x4 . Hence the
i=1

sample moments are consistent estimators of
the corresponding population moments are
asymptotically normal but not in general,
efficient.

Generally, the method of moments yields less
efficient estimators than those obtained from
MLE, the estimators obtained by the method
of moments are identically with those given
by the method of maximum likelihood if the
probability mass function or probability
density function is of the form

f(x,0)=exp (b, +bx+b,x*+,..,)

Where b’s are independent of x but may
depend on 0=(60,6,,...0,)The estimates

obtained by the method are asymptotically
normally distributed, but not in generally.

Testing for goodness of fit

The goodness of fit test measures the
discrepancy between observed values and the

expected values. Kolmogorov- Smirnov test
was used to test for the goodness of fit.

In the present investigation, the goodness of
fit test was conducted at 5 per cent level of
significance. It was applied for testing the
following hypothesis:

Ho: The maximum daily rainfall data follows
a specified distribution.

Hi: The maximum daily rainfall data does not
follow a specified distribution.

Kolmogorov- Smirnov test (K-S test)

This test was used to decide whether a sample
comes from a hypothesized continuous PDF.

The KS test compares the cumulative
distribution functions of the theoretical
distribution the distribution described by the
estimated shape and scale parameters with the
observed values and returns the maximum
difference between these two cumulative
distributions.

This maximum difference in cumulative
distribution functions is frequently referred to
as the KS-statistic.

It is based on the empirical distribution
function i.e., on the largest vertical difference
between the theoretical and empirical
cumulative distribution functions, which is
given as:

[ ]
Where, X; = Random Value, i=1, 2,...,

n.CDF =Fn(X)=%

[Number of observations < x].
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Results and Discussion

The probability distributions are used to
evaluate the best fit for rainfall data for
different period under study, distribution tried
are normal, log normal, Gamma (1P, 2P, 3P),
Generalized Extreme Value (GEV), Weibull
(AP, 2P, 3P), Gumbel and Pareto. The
goodness of fit for different probability
distributions was tested using Kolmogorov-
Smirnov test (KS test). The test statistic D
along with the p-values for each data set was
computed for 11 probability distributions.
Table 1 presents the different distribution
fitted for different period and periods studied
as annual, seasonal, monthly, and weekly,
have been briefly mentioned (Fig. 1-12).

Annual

For annual data of the district different
distribution are fitted and best fitted
distribution are identified based on KS test.
The fitted distribution are Weibull (3P), GEV,
Gamma (3P) and Gumbel and their test
statistic values are 0.1317, 0.1343, 0.1363 and
0.1370 respectively. Based on KS test lowest
test statistic was observed for Weibull (3P)
distribution which is the best fit and estimated
values for shape, scale and location
parameters are 1.3755, 903.51, and 303.63
respectively which are presented in Table 1.1
and Table 1.2.

Season

The distribution fitted for seasonal rainfall of
the district is based on 34 years and
distribution tried are tried Weibull (2P), GEV,
Gamma (3P), and Weibull (3P) and their
statistic values are 0.0853, 0.0896, 0.0932 and
0.0974 respectively. Best fitted distribution
was Weibull (2P) with estimated shape and
scale parameter of 4.4974 and 34.028
respectively and is presented in Table 1.1 and
Table 1.2.

June

34 vyears rainfall data of June month were
fitted with the following probability
distributions viz., Weibull (2P), GEV,
Gamma (3P) and Weibull (3P) and KS
statistic values are 0.0816, 0.0857, 0.0891,
0.0928 and 0.1228 respectively. The best
fitted distribution with lowest test statistic
was Weibull (2P) with estimated shape and
scale parameter value 3.5806 and 528.03
respectively.

July

Probability distributions fitted for rainfall data
of July month of study period are lognormal,
Weibull (2P), GEV, Gamma, Gamma (3P),
and their KS test statistic values are 0.0967,
0.1134, 0.1170, 0.1201, and 0.1228
respectively. The best fitted distribution was
lognormal and estimated scale and location
parameter values are 0.4929 and 4.7357
respectively as presented in Table 1.1 and
Table 1.2.

August

For August month rainfall probability
distributions fitted are GEV, Weibull (2P),
Weibull (3P), Gamma (3P), Gamma and test
statistic values are 0.0601, 0.0650, 0.0778,
0.0782 and 0.0793 respectively. The smallest
test statistic value for GEV and is the best fit
with estimated parameters values for shape,
scale and location are 0.0651, 63.112, and
110.94 respectively as showed in Table 1.1
and Table 1.2.

September

The lowest KS statistic value is obtained for
Gamma distribution and it is the best fit with
estimated shape and scale parameter are
34.028 and 4.4974 respectively which is
shown in Table 1.1 and Table 1.2.
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Table.1.1 Description of various probability distribution functions

Distribution Probability density function Range

Gamma (2P) 1 -~

f(x) = —x“te /

rk)p
cGEV | 1 Ak 0

GEV lexp[_ 1L+ k2)x }(1+ kz) " k=0 f;r k;g

f(x)= . “oo <X <too

Seplz-ee(n] k=0 e
X —
where, Z = M

Log- normal 1
f(x)= exp | —| —————
Tk

Pareto

k= Shape parameter, p = Scale parameter, p= location parameter, @ = standard deviation
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Table.1.2 KS test statistic for Probability distributions in different periods

Study Period

Annual

Seasonal

June

July

August

September

23 SMW
24" SMW
25" SMW
26" SMW
27" SMW
28" SMW

29" SMw

Range

1Jan-31 Dec

1 June- 30Sep

1 June-30 June

1 July-31 July

1 Aug-31 Aug

1 Sep-30 Sep

4 June-10 June
11 June-17June
18 June-24 June
25 June-1 July
2 July-8 July
9 July-15 July

16 July-22 July
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Kolmogorov Smirnov

Distribution Statistic
Weibull (3P) 0.1317
Gen. Extreme Value 0.1343
Gamma (3P) 0.1363
Gumbel 0.1370
Weibull 0.0853

Gen. Extreme Value 0.0896
Gamma (3P) 0.0932
Weibull (3P) 0.0974
Weibull (2P) 0.0816
Gen. Extreme Value 0.0857
Gamma (3P) 0.0891
Weibull (3P) 0.0928
Gamma 0.1007
Lognormal 0.0967
Weibull 0.1134

Gen. Extreme Value 0.1170
Gamma 0.1201
Gamma (3P) 0.1228
Gen. Extreme Value 0.0601
Weibull 0.0650
Weibull (3P) 0.0778
Gamma (3P) 0.0782
Gamma 0.0793
Gamma 0.0958
Weibull 0.0973

Gen. Extreme Value 0.1089
Weibull (3P) 0.1126
Gamma (3P) 0.1157
Lognormal 0.1204
Gen. Extreme Value 0.10344
Gamma 0.1260
Weibull (3P) 0.0903
Gamma 0.0978
Gamma (3P) 0.0886
Weibull 0.0942
Lognormal 0.0658
Gen. Extreme Value 0.0695
Gen. Extreme Value 0.1433
Lognormal 0.1600
Gen. Extreme Value 0.0890
Gamma 0.1188
Normal 0.1323
Gumbel 0.1410

p- value
0.5346
0.5096
0.4907
0.4844
0.9475
0.9250
0.9022
0.8727
0.9677
0.9515
0.9347
0.9135
0.8577
0.8779
0.7319
0.6964
0.6661
0.6389
0.999
0.9968
0.9761
0.9749
0.9715
0.8843
0.8731
0.7744
0.7393
0.7096
0.6633
0.8238
0.6076
0.92069
0.8691
0.9303
0.8954
0.9962
0.9927
0.4457
0.3140
0.9283
0.6789
0.5468
0.4660
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Table.2 Parameter estimation of the best fitted distribution

Study Period Range Best fit Parameters

~ Annual
1 June- 28 Oct Weibull (2P) 4.4974 34028 | - |
| | |
1July-31July | lognormal | - | 04929 | 47357
| | |
1 Sep-30 Sep Gamma (2P) 34.028 44974 |

B/ smw
24" SMW 11 June-17 June Weibull (3P) 0.9112 19.742 0.0285
18 June-24 June

- 25" smMw
26" SMW 25June-1July | Lognormal | | 1.3261 2.2771
| | |
28" SMW 9 July-15 Jul 0.277 12.934 11.381
| | |
30" SMW 23 July-29 July Gamma (3P) 0.64182 46.449 0.9714

32" SMw 6 Aug-12 Aug Gamma (2P) 1.2222 26492 |

- ismw
34" SMW 20 Aug-26 Aug Gamma (3P) 0.7829 38988 = 06
| | |
3Sep9Sep | Lognormal | | 14276 | 27418
| | |
17 Sep-23 Sep Gamma(2P) | 08147 | 45402 | |
| | |

Fig.1 Weibull (3P) distribution for annual rainfall data
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-

/
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Fig.2 GEV distribution for annual rainfall data
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Fig.3 Gumbel distribution for annual rainfall data

Probabity Densty Function

oz RN
024

02

018

012

008 \
004

480 560 840 720 800 880 960 1040 120

f(x)

O Histogram _ — Gumbal Max

Fig.4 Gamma (3P) distribution for annual rainfall data
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Fig.5 Weibull (2P) distribution for seasonal rainfall data
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Fig.6 GEV distribution for seasonal rainfall data
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Fig.7 Gamma (3P) distribution for seasonal rainfall data
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Fig.8 Weibull (3P) distribution for seasonal rainfall data
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Fig.9 Gamma distribution for September month rainfall data
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Fig.10 GEV distribution for September month rainfall data
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Fig.11 Weibull distribution for September month rainfall data
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Fig.12 lognormal distribution for September month rainfall data
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In  conclusion,  different  continuous
probability distributions were used to know
the distribution pattern of rainfall in study
area and the distributions used are gamma
(1P.2P, 3P), Weibull (1P, 2P, 3P), general
extreme value (GEV), Pareto, lognormal,

exponential and  Gumbel  distribution.
Kolmogorov- Smirnov test (KS test)
probabilities were obtained for the

distribution fitted and these probabilities were
used to identify the distribution that fits best.

For annual rainfall data of the district tried
with above mention distribution, the fitted
distributions based on KS-test are Weibull
(3P), GEV and Gumbel. Figure 1, 2 and 3
show the three distribution viz., Weibull (3P),
GEV and Gumbel which have fitted well for

annual rainfall. Of these three, Weibull (3P) is
the best fit since its value for goodness of fit
is the best. All these distribution have a fairly
long tail on the right.

For seasonal rainfall the four distributions
which have fitted well are Weibull (2P),
GEV, gamma (3P). These four distribution
have been shown in Figure 5, 6, 7 and 8
respectively. September month receives
maximum rainfall through South West
monsoon. Of the distributions tried, gamma,
GEV, Weibull and lognormal have fitted well
for the monthly data of September. Gamma
distribution is the best fit among good fits on
the same line estimates of standard
meteorological weekly of south west
monsoon are present.
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