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Abstract

The uneven distribution of rainfall at different regions is an important issue now days.  Particularly 
the places of low rainfall are of serious concerns. These places are lacking in drinking water and 
lot of other related problems like unsatisfactory irrigation, sanitation, etc. The rainfall diversity in 
India through clusters (similar regions) has been observed under this study. The rainfall distribution 
in India is varied over seasons, and high-rainfall observed under monsoon season. In this paper, 
we have analyzed rainfall data in the context of India through divisive clustering technique K-means 
and model based probability clustering. The techniques are used over rainfall data given by the 
Indian Meteorology Department (IMD), and a comparative finding has been reported. The annual 
and seasonal rainfalls data for the year 2016-17 has been taken for this study. Optimal numbers 
of clusters are obtained by using the Elbow method in case of K-means clustering and Bayesian 
Information Criterion (BIC) is used for model based clustering. Moreover, the results obtained 
through K-means and model based cluster analysis have been reported in terms of spatial 
distribution. The main advantage of splitting the states of rainfall into homogenous groups based 
on similar features is that it eliminates the necessity to carry out a detailed drought characteristic 
analysis for any location of interest. Therefore detection of rainfall pattern in a spatial domain is 
very important & useful for policy makers, climatologists, government, hydrologists and local and 
regional planners & managers.
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1. INTRODUCTION

The rainfall and other water resources play a vital role in survival. These are sometimes called as lifeline 

of survival.  As far as Indian rainfall is concerned it is unevenly distributed across the country. Therefore, 

a few parts of the country suffer from huge floods while others are drought regions. Also, rainfall and 

weather in India are not uniform throughout the year. The climate of India covers a complete assortment 

of climatic conditions across a tremendous topographical scale. Generally climate in south of the nation 

is hotter than north of India. The countries most prominent part doesn't encounter temperatures beneath 

10°C (50°F) in winter and the temperature surpasses 40 °C (104 °F) during summer the nation over. 

The India Meteorological Department (IMD, Ministry of Earth Sciences, Govt. of India) follows the 

worldwide climate of 4-seasons with a few neighbourhood alterations. It depicts the four climatic 

seasons as (1) winter (December to February). December and January are the coolest months, when 
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mean temperatures lie between 10–15°C for example (50–59°F) in the north-west, temperatures 

increment as one proceeds towards the equator, coming to in the middle of 20–25°C (68–77°F) in 

southeast India. (2) Summer or pre-storm season (March to May). April and May are the regularly hot 

month for north locales of India. The expected temperatures stay in the reach 32–40°C (90–104 °F) in 

the fringe limit. (3) Monsoon or blustery season (June to September). This season is overwhelmed by 

the dampness which gradually clears the nation around late May or early June. Storm downpours start 

to subside from North India toward the start of October. South India regularly gets more precipitation 

when contrasted with northern pieces of India. (4) Post-storm or harvest time season (October to 

November). In the north-west of India, October and November usually are cloudless.                                                       

The rural economy of India primarily based on agricultural production which quietly based on rainy 

season. Rainfall is one of the important factor and sources of water supply for agricultural based activity 

in India. Therefore, finding the places of high and low rainfall in the country might be important & useful 

from various viewpoints. Particularly, as all the states observe different quantity of rainfalls, a grouping 

into similar states are likely to decrease the problems involved in managing the rainfall among the 

various states of India. 

2. LITERATURE REVIEW

The studies are regularly carried out for, taking the consistent decision for management of flood,

drought, irrigation problems etc. Finding the homogenous groups of places based on rainfall may 

minimize the efforts in management as dealing with a small no. of homogeneous groups is always 

better. In literature, studies are found for describing sub-stations of a spatial province by rainfall and 

useful for managing water resources and planning of land use [Raziei et al. (2008), Shirin and Thomas 

(2016)]. Meddi et al. (2013) indicated that separation into smaller group by rainfall is important to 

recognize the pattern of weather and Indian climate.

As far as researches which focuses for use of cluster analysis are enormous.  The method varies from 

simple heuristic to some advance methods like model based clustering approach. The popularity of 

these methods is increasing day by day in various studies and particularly in finding clusters of rainfall 

data Some contributions are due to Modarres (2006), Sarhadi and Heydarizadeh (2014)), Goyal and 

Gupta (2014), etc.

3. DATA SOURCES

The data comprises of records of annual and seasonal rainfall of 35 states of India collected for the 

year 2016-2017. This study uses data on seasonal rainfall of various states as recorded by Indian 

Meteorological Department (IMD). The average rainfall of India is around 24993.17 mm. For each of 

the states, annual rainfall shall be computed by adding the month wise rainfall over the all the months 

in a year. Similarly for each of the states, the rainfall in different season like the winter, summer (pre-

monsoon), rainy session and autumn sessions are calculated by adding the monthly rainfall over the 

months January to February, March to May, June to September and October to December, respectively.
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4. STATISTICAL TECHNIQUES

Techniques are available which might be used for the analysis of rainfall data. However for finding the 

high rainfall and low rainfall regions are primarily important from resource management point of view. 

Clustering techniques are one of the most important and widely used techniques for finding 

homogeneous groups called clusters. One commonly used clustering technique known as K-means 

clustering. This clustering technique is based on simple distance measures. Another more advanced 

technique is based on statistical models called Model based clustering. In clustering finding the optimal 

no. of cluster is a challenging task. This study uses Elbow method (Kaufman and Rousseeuw, 1990) 

and BIC (Schwartz, 1978) criterion to decide the optimal numbers of clusters for K-mean (MacQueen, 

1967) and model based clustering (Banfield & Raftery, (1993), McLachlan & Basford, 1988) 

respectively. A brief discussion on these methods has been presented below.

5. CLUSTER ANALYSIS

Cluster analysis is an unsupervised learning techniques (which does not include any response variable) 

that splits a set of objects or data into homogeneous groups. It is also well known as optimal grouping 

of objects or items based on some characteristic of interest. The objective is to put more similar objects 

in a group and dissimilar objects in different groups (Johnson and Wicharn 2015). 

In the method of clustering, a matrix of multivariate observations comprises of -observations 

with - variable or characteristics. A proximity matrix that gives the amount of dissimilarity or 

similarity between all possible pairs of data matrix . In case of all metric data some of the commonly 

used distances are City block, Euclidean distance, etc. but Euclidean distance is most widely used in 

distance matrix calculations. Let there be two vectors then

the Euclidean distance is given as

For adjusting the variances among p- variables, sometimes we use the statistical distance which is 
defined as

Where S is the variance-covariance matrix of the sample data points. In general, the well-known 

(heuristic) methods of cluster analysis is based on the similarity/dissimilarity measures like distance 

matrix. Due to simplicity and wide applicability, cluster analysis is frequently used in so many areas. 

Among the existing methods, the agglomerative hierarchical and K-means are commonly used for

finding the clusters of rainfall observations (Modarres (2006)). On the other hand, the probability 

distribution based method mainly used by statistician known as model based clustering. These are quite 

advanced and new emerging methods of clustering. Here we have tried K means (heuristic) method 

and the model based approach to find rainfall clusters. The K-mean clustering technique is governed 

by a dissimilarity matrix called distance matrix. Suppose we are interested in clusters or groups, say 

. The process begins by allocating the feature (variable) vectors in groups in random.

Therefore, for every possible cluster or group, the initial mean (centroid) of the groups is obtained by 
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taking average of the variable or features (Johnson and Wicharn (2015)). On the other hand, the method 

of model-based probability clustering is based on some statistical probability distribution and its 

associated inference. The data points are assumed to coming from a mixture of finite (normal) 

distribution and no. of cluster is obtained through BIC. The advantage of these methods is that they 

automatically choose the best model and hence able to find most appropriate no. of clusters.

5.1. K-MEAN CLUSTERING

In K-means cluster analysis (MacQueen, 1967), each of group or cluster is denoted by their means of 

sample observations belonging to the cluster. This technique is used to split the dataset into k 

groups/clusters, where k is the no. of cluster/group specified by the statistician/researcher/data analyst 

in advance. There are many procedures to apply k-means method however; one standard procedure is 

Hartigan-Wong technique (1979), which describes the total within sum of squares (WSS) i.e. Euclidean 

distances between the objects and their respective cluster mean. It split the datasets in a several groups

in such a manner that the items within the same groups are more similar that is the highest intra-class 

similarity, whereas data from different groups are dissimilar with lowest inter-class similarity. The 

working methodology of K means method is presented below.

K- Mean Clustering Algorithm for Partitioning
The following steps involved in K-mean algorithm 

Step 1. Choose the no. of clusters (K) in advance.

Step 2. Choose k items randomly from the given n data points as the initial cluster centroid.

Step 3. Assign rest of the data sets to the nearby cluster based on some distance measure between 

point and cluster point/center.

Step 4. For each k cluster update the cluster mean by computing the new mean values of all 

observations in the group. The mean of cluster is a vector of length (number of variables)

containing the averages of all variables in the cluster.

Step 5. Repeatedly minimize the total WSS, i.e. repeat the step 3 and 4 till the assignments of cluster 

stop varying. 

5.2. MODEL BASED CLUSTER ANALYSIS METHOD

Model-based clustering methods are based on mixture of finite probability density function. In the theory 

of model-based probability clustering, it is assumed that the observations are coming from a mixture of 

finite density function. Generally, multivariate normal distributions give exciting results when used as a 

component distribution for mixture model. Many researchers including McLachlan & Basford, 1988, 

Melnykov & Maitra, 2010, etc. have contributed in this field and obtained interesting results. A brief 

theory and methodology have been presented below.

Let there be a set of -dimensional vectors of observations coming from a mixture of k-

component density functions and each component having some unknown mixing proportions or weights 

(McLachlan & Peel, 2004). Assuming that there is finite no. of clusters in the data and the 

data belonging to a particular component distribution are forming a separate cluster. The probability 
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density function (PDF) of finite mixture density (see Raftery & Dean, 2006 and Celeux & Govaert, 1995) 

is given by 

Where is the PDF of component distributions in the finite mixture model. Here and 

for all and . The vector of parameter includes all the 

parameters of finite mixture density. The parameters can be estimated using the ML (maximum 

likelihood) method through EM-algorithm (Demster et al. (1977)).

Banfield & Raftery, (1993) recommended that when the component density taken as a multivariate 

normal in model-based method of clustering, the connection between observations can be obtained by 

variance-covariance matrix and is decomposed in terms of eigenvalue as

Where is the scaler which is the highest among all eigenvalue of . is the orthogonal matrix 

of eigenvectors and it gives the orientation of cluster, see (Banfield & Raftery,1993) is diagonal matrix 

in such a way that ,  with the normalize eigenvalue of on the diagonal in descending order 

and it determines the shape of cluster.  measure the volume of corresponding cluster. Mclust 

(Fraley and Raftery (1999)) programme is used for conducting the analysis using R-software (R Core 

Team, 2018).

6. FINDING THE NUMBER OF OPTIMAL CLUSTER

There is no specific method in the literature, which is said to be complete or best for finding optimal 

number of clusters. The optimum no. of cluster is someway personal and depends on the technique 

used for assessing similarities through distance matrix. Finding the appropriate and optimum no. of

clusters is one of the important problems under cluster analysis. In methods like k-mean clustering or 

any other techniques the researcher need to specify the no. of clusters k in advanced. The useful 

method for finding the optimal no. of cluster in K-means (heuristic) clustering is given as

6.1. ELBOW METHOD

In methods like k-mean, there is need to express cluster in such a way that the total within-cluster sum 

of square (WSS) or total intra-cluster variability is minimized. The total WSS measures the compactness

(variability) of cluster. The Elbow technique (Kaufman & Rousseeuw, 1990) contains the total WSS as 

a function of the no. of cluster. We generally finalize the no of cluster so where the addition of more no. 

of cluster do not improve the total variability. The steps behind the optimal no. of cluster suggested by

elbow is as follows

1. Obtained the cluster through k means method for some k (k=1,2,3…).

2. For each of k value, compute the total WSS

3. Draw the curve between WSS and the no. of cluster k.

4. The bend (knee) of the plot is usually taken as a sign of the optimal no. of cluster.
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6.2. BAYESIAN INFORMATION CRITERION
This criterion is mostly used under the model based cluster analysis. The no. of clusters and most 

appropriate mixture density can be decided by the Bayesian Information Criterion (BIC) see (Schwartz, 

1978). The BIC is the most popular choice in Gausian Mixture Modeling see (Fraley & Raftery, 1998) 

and given by 

Where, is the maximum value of log-likelihood with K component, is the no. of observations in 

the matrix and is the no. of estimated parameters from the given density. The least value of BIC has 

taken as criterion for optimal number of cluster in the study.

7. DATA ANALYSIS AND RESULT

In this study we have analyzed the rainfall data of 35 states of India for the year 2016–2017. For the 

purpose of analysis, we have used R-statistical software. In particular R libraries factoextra, mclust, are 

used for performing cluster analysis. The annual and seasonal trend has been obtained through MS-

Excel. We have also shown the trend of annual and seasonal rainfall in India which as follows. Figure 

(1) gives the annual rainfall (in mm) in various Indian states while the figure (2) shows total rainfall

distributed under various seasons. Figure (3) shows season wise rainfall in various states. 

Figure 1.  Rainfall (in mm) in India states wise

0

10000

20000

30000

40000

50000

60000

70000

80000

An
dm

an
N

ic
ob

ar
Ar

un
ac

ha
lP

As
sa

m
M

EG
HA

LA
YA

M
AN

IP
U

R
M

IZ
O

RA
M

N
AG

AL
AN

D
TR

IP
U

RA
SI

KK
IM

W
ES

T 
BE

N
GA

L
O

RI
SS

A
JH

AR
KH

AN
D

BI
HA

R
U

TT
AR

 P
RA

DE
SH

U
TT

AR
AN

CH
AL

HA
RY

AN
A

CH
AN

DI
GA

RH
DE

LH
I

PU
N

JA
B

HI
M

AC
HA

L
JA

M
M

U
 A

N
D 

KA
SH

M
IR

RA
JA

ST
HA

N
M

AD
HY

A 
PR

AD
ES

H
GU

JA
RA

T
DA

DA
R 

N
AG

AR
 H

AV
EL

I
DA

M
AN

 A
N

D 
DU

I
GO

A
M

AH
AR

AS
HT

RA
CH

AT
IS

GA
RH

AN
DH

RA
 P

RA
DE

SH
TA

M
IL

 N
AD

U
PO

N
DI

CH
ER

RY
KE

RA
LA

LA
KS

HA
DW

EE
P

KA
RN

AT
AK

A

Annual Rainfall (mm) in India

 International Journal of Ecological Economics & Statistics

6



Figure 2. Percentage share of total Rainfall (in mm) in different seasons of India 

Figure 3. Season wise rainfall (mm) in India states wise
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For finding the optimal numbers of cluster using K-mean clustering and model based clustering, we 

have used Elbow method and Bayesian Information Criterion (BIC) respectively as discussed above. 

We are getting 4 rainfall cluster in respect of India using Elbow method in case of k-mean clustering 

and is given in figure no. (4). The number of cluster using K-means technique is presented in figure (5). 

We can see from the figure that all the 35 states of the country is divided in 4 group or cluster of sizes 

11, 16, 7, 1 and it gives the complete idea of homogeneity of rainfall station. The spatial spreading of 

rainfall in India is presented in figure (6) which shows only 4 cluster of rainfall data. 

Figure 4. Optimal no. of cluster using Elbow method for K-mean

Figure 5. Number of cluster using k-means
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Figure 6. Clustering of rainfall states of India using k-means
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In case of model based clustering we are getting 6 clusters of rainfall data using BIC and is given in 

figure (7). The obtained cluster is presented diagrammatically in figure (8). This shows that the best 

model using finite mixture normal model fitted by EM-algorithm is VEV which is of varying volume, 

orientation and equal shape. For this fitted model, the BIC value is - 181.2515. We are getting 6 cluster 

which includes 11, 4, 12, 1, 3, 4 rainfall states with mixing probability 0.31357755, 0.11428571, 

0.34365848, 0.02857143, 0.08571520, 0.11419163 respectively. The spatial distribution of rainfall 

cluster of India using model based clustering has shown in figure (9).

Figure 7. BIC plot for fitted model and no of clusters

Figure 8. No. of cluster and data assignment in clusters using the VEV model
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Figure 9. Clustering of rainfall states of India using model based clustering

We observed that the figures (6 & 9) clearly representing how the rainfall is distributed over the states 

of India using cluster analysis of K-means and model based clustering.

8. CONCLUSION

This study identifies clusters of rainfall for 35 states situated in the spatial province of India. The 

identified clusters along with spatial distribution will help policymakers to observe the rainfall inequality 

in India. This study contributes in identifying heavy rainfall/drought regions. It is nevertheless to say that 

rainfall plays a crucial role in human life. Therefore, planning agencies might consider findings of this 
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study while framing the policies related to agriculture, management of flood and drinking water supply 

& storage etc. 
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