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ABSTRACT Ruralisation is the process of growth with respect to the area and population. Rural areas are the geographical 
regions which are located out of the town or cities. The average rural populations in 2001 are observed as 176000 

and in 2011 as 175000.It shows the decreasing nature of rural population in TAMILNADU State. Similarly the rural population in India 2001 
is 102.9 crores and 121crores in 2011. It shows the growth of the rural population in India. Thus the growth of the rural population in India 
as well as in TAMILNADU motivates to carry out the statistical study on ruralisation in TAMILNADU state. Statistical models such as expo-
nential, q-exponential, truncated exponential and lognormal models are applied to study the nature of the rural taluk size distribution of 
population using 2001 and 2011 population census data of TAMILNADU state. The suitability of these four models is to be tested empirically 
using statistical test. Lognormal model is the more appropriate model than the other models for the taluk rural size population data. 

1. Introduction
The populations of the region are dichotomized with respect to 
the residential status such as rural and urban. Rural areas are the 
geographical locations which are located out from the towns or 
cities. It has very low density of population. It may be less than 
5000 people and it is the lowest unit of population. Agriculture 
is the main source of livelihood along with fishing, cottege indus-
tries, poultry farms, etc. in the villages. The aim of rural develop-
ment is mainly to improve the social and economical level of ru-
ral areas. Rural development aims to find the ways of improving 
rural people themselves. The revenue administrative units are 
described as District, Taluk, and Villages in TAMILNADU State. 
L.c.Malacarne and R.S.Mendes (2001) applied the q-exponential 
distribution for describing the distribution of cities for all ranges 
of population. Keith Briggs (2006) studied the distribution of train 
delays on the British railway network using q-exponential model. 
González-Val, Rafael and Ramos, Arturo and Sanz, Fernando and 
Vera-Cabello, Maria (2013) applied lognormal, q-exponential, dou-
ble parato and lognormal models to study the city size distribu-
tions. None of the above said papers deal with the study of rural 
taluk size distribution in TAMILNADU state.

Rural population –India Ruralisation to in India (2001-2011)
Population (in crores)

2001 2011 Difference
India 102.9 121 18.1
Rural 74.3 83.3 9.0
Urban 28.6 37.7 9.1

Of the 121 crore Indians, 83.3 crore live in rural areas while 37.7 
crore stay in Urban areas. The rural population as well as urban 
population are having increasing tendency over the span of ten 
years at India level.

Rural population-Tamilnadu Ruralisation in  Tamilnadu 
(2001-2011) Population (in crores)	
 2001 2011 Difference
Tamilnadu 6.24 7.21 0.97
Rural 3.49 3.72 0.23
Urban 2.75 3.49 0.74

According to 2011 census, of the 7.21 crore Tamilnadu population, 
3.72 crore live in rural areas while 3.49 crore stay in Urban areas. 
The rural population as well as urban population are having in-
creasing tendency over the span of ten years at Tamilnadu level.

It motivates to propose the empirical study on rural taluk size 
distribution of TAMILNADU population using statistical models 
such as exponential, q-exponential, truncated exponential and 
lognormal model. 

2. Objectives
(i) General objective
To study the growth nature of rural taluk size population of 
TAMILNADU state using the statistical models such as exponen-
tial, q-exponential, truncated exponential and lognormal model.

(ii) Specific objective
To test the suitability of these four statistical models using 2001 
and 2011 census population data of TAMILNADU state.

3. Data Source
Census population 2001 and 2011 data are applied as a second-
ary data for analyzing the nature of taluk size distribution of 
TAMILNADU state.

4. Methodology
Definition 
Variable
Number of population living in rural taluk is defined as rural ta-
luk size. It is referred as a random variable because changes in 
rural taluk size population are random in nature. 

Rural area
An area outside of the limits of a city or town or a designated 
commercial, industrial, or residential center is called as rural area. 
Rural areas are characterized by farms, vegetation and open spac-
es. Farmlands, homes and buildings are spread out with larger 
distance. Rural is the natural environment and the opposite of the 
city life and pertaining to the less-populated areas.

Taluk size distribution
Taluk size is the no. of population living in the taluk. Taluk size dis-
tribution is the distribution of Taluk with respect to their population.

Models
A model establishes the main variables involved and connects 
them by means of mathematical statements. Thus, a model sim-
plifies the reality and points out the basic features of the prob-
lem and denotes a set of hypothesis.

5. Methods
5.1 Method of Moments 

X
1,X2,…Xn be a random sample of size n drawn from a given popu-

lation having the probability density function f(x;θ1,θ2...,θk) with 
k parameters 	 θ1,θ2...,θk.

If µr’ is the rth moment about origin will be the function of the k 
parameters θ1,θ2...,θk
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and µr’ is defined as follows:

Estimate the parameters θ1, θ2...,θk in terms of µ1’,µ2’,…,µk’ by 
the method of moments consists in solving the k equations µr’, 
r =1,2,…,k and then replacing the population moments µr’, r 
=1,2,…,k by the sample moments mr’, r =1,2,…,k, the rth moment 
about origin in the sample.

5.2 Graphical Method
Diagrams and graphs are used to present nature of rural taluk 
size distribution.

Diagrams
Diagrams are based on scale but not confined to points or 
lines. There are various geometrical shapes such as bars, circles, 
square, etc. Diagrams are visual presentation of categorical and 
geographical data. It furnishes only approximate information. 
Diagrams are more appealing to the eyes and even laymen can 
understand the concept easily under study.

Graphs
Graphs are more appropriate to represent the time series data 
and the frequency distribution. Graphs are more precise and 
accurate than the diagrams. Graphs can be effectively used 
to study the slopes, rate of change and forecasting. Frequency 
curve, O give curve, trend line etc., are graphs representing the 
data related to the study.

6. Techniques
6.1 Statistical measures
Mean
The expected value of a discrete random variable is a weighted aver-
age of all possible values of the random variable, where the weights 
are the probabilities associated with the corresponding values.

The expected value of a discrete random variable X with prob-
ability mass function f(x) described as follows:

     Similarly, the expected value of a continuous random variable 
X with probability density function f(x) described as follows:

      

Variance     
The variance of a random variable X, with probability function 
f(x), is defined as,

V(X) = E(X2)-[E(X)]2

Coefficient of variation
The coefficient of variation is a percentage and calcu-
lated from the average and standard deviation as follows: 

Skewness	

Skewness is the measure of the deviation of a distribution from 
symmetry and it is defined as follows:               

Kurtosis	
Kurtosis is the measure of the flatness or peakedness of the fre-
quency distribution and it is defined as,

6.2. Test statistics
Chi square test	

(n-1) degrees of freedom.

Normal test
A random sample X1,X2,…Xn of size n has been drawn from a 
normal population  with mean µ and variance σ2.The sample 
mean is distributed normally with mean and variance σ2/n.

The standard normal variate corresponding to the 
sample mean is described as,

Then the null hypothesis H0 stating that the sample has been 
drawn from population with mean and variance σ2.The stand-
ard normal variate Z is distributed as normal distribution with 
mean 0 and variance 1when H0 is true. In such a situation the 
standard normal statistic is called normal test statistic for test-
ing the null hypothesis. When the population variance σ2 is un-
known its estimate (s2), the sample variance may be used. Simi-
larly, the normal test statistic, for testing the equality of the 
two sample means, the normal test statistic is described as 
follows:

Let X1 be the observed taluk rural size and X2 be the expected 
taluk rural size, N1 be the observed no. of rural taluks and N2 be 
the expected no. of rural tauks from the population with means 
µ1and µ2 and variances S1

2 and S2
2 respectively.
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Where,     = Mean of the observed taluk size 

distribution.     

= Mean of the expected taluk size distribution.

Find the Z table value at the desired level of significance and 
compared with the Z calculated value.

  

2001 and 2011 census population data have applied to study 
the nature of taluk size distribution of TAMILNADU state. Rural 
population in India as well as Tamilnadu state has the growth in 
nature.              

The patterns of the rural taluk size distribution have been de-
scribed by the four statistical models such as exponential, q-ex-
ponential, truncated exponential and lognormal models. These 
models were fitted the empirical rural taluk size distribution in 
2001 and 2011.

6.3. Statistical models
Exponential model
Let X be a random variable having the  p.d.f,
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models were proposed to study the nature of distribution of ru-
ral taluk size. The empirical results are summarized below:

Empirical Results and Discussion
Rural taluk population data of 2001 and 2011 census are used to 
describe the rural taluk size distribution and presented in Table 
no.1 and Table no.7.

Rural taluk size distribution – 2001
Table no.1                    
Rural Taluk Size (in’000) No. of rural taluks
0-55 7
55-110 39
110-165 64
165-220 36
220-275 21
275-330 22
330-385 7
385 4

Total                                                  200

Exponential Model
It is fitted using data in Table-(1) as follows:

Parameter of the exponential model are obtained as,

The expected no. of rural taluks and the cumulative distribution 
function have obtained using the probability density function 
f(x) and it is presented in Table no.2 below: 

Rural Taluk
Size (in’000) f(x) Expectedno.

of rural taluks Fx(x)=P(X)

0-55 0.2691 54 0.2691
55-110 0.1967 39 0.4658
110-165 0.1437 29 0.6095
165-220 0.1051 21 0.7146
220-275 0.0768 16 0.7914
275-330 0.0561 11 0.8475
330-385 0.0410 8 0.8885
 385 0.1115 22 1.0000

Table no.2
Total  1 .0000    200

q – Exponential Model
It is fitted using data in Table no.1 as follows:
Parameters of the q-exponential model are obtained as,
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cumulative distribution function has obtained and is presented 
in Table no.9 below:
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H0: μ1 = μ2 = 0. ie., the samples come from the   same population.

The results show that the lognormal model is preferred to rep-
resent the rural taluk size distribution than the other models in 
the year 2001 and 2011 because the normal test values are less 
than the expected value at 5% level of significance.

2. Chi-square test of goodness of fit
Table no.15         

Model
Chi-square value Inference at certain level 

of significance
Year 2001 Year 2011 Year 2001 Year 2011

Exponential 121.2778 88.6838 Rejected at 
5% level

Rejected at 
5% level

q-exponential 249.5404 205.4868 Rejected at 
5% level

Rejected at 
5% level

Lognormal 15.5972 8.6082 Accepted at 
0.5% level

Accepted at 
5% level

Truncated
exponential 39.2492 24.9911 Rejected at 

5% level
Rejected at 
5% level

H0: The fit of the exponential, q-exponential,   lognormal & trun-
cated exponential models are good fit to  the rural taluk size dis-
tribution.

The results show that the lognormal model is preferred to rep-
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resent the rural taluk size distribution than the other models in 
the year 2001 and 2011 because the  test values are less than the 
expected value at 0. 5% level of significance in 2001 and 5% level 
of significance in 2011.

The information given in Table no. 1 to Table no.6 is used to 
draw the following Fig.1.

                                               Fig.1

It indicates that the expected curve of lognormal model is very 
closed to the observed curve but the expected curve of trun-
cated exponential, exponential and q-exponential model are 
deviated from the observed curve. Thus, lognormal model is 
more suitable than the other models and also it is the best de-
scription of the growth nature of the rural taluk population in 
the year 2001.

The information given in Table no. 8 to Table no. 13 are used to 
draw the following Fig.2.

                                                   Fig.2

It indicates that the expected curve of lognormal model is 
very closed to the observed curve but the expected curve of 
truncated exponential, exponential and q-exponential model 
are deviated from the observed curve. Thus, lognormal model 
is more suitable than the other models and also it is the best 
description of the growth nature of the rural taluk population 
in the year 2011.

Summary and conclusion
Summary
Background papers deals with the city size distribution. To study 
the nature of rural taluk size distribution empirically, 2001 and 
2011 Tamilnadu census taluk size population data have been 
used. Rural taluk size distributions are all skew in nature. Hence 
skew models such as exponential, q-exponential, truncated ex-
ponential and lognormal models were proposed to carry out the 
empirical study. The empirical results based on these four mod-
els have been presented as follows:         

The average rural taluk size were obtained and presented as 
follows:

	              
Models

Average rural 
taluk size

Empirical and fitted models

Difference
2001 2011 2001 2011

Empirical model 175.725 174.8786      -      -

Exponential 159.775 160.7281 15.950 14.150

q-exponential 127.600 126.5534 48.125 48.325

lognormal 174.075 172.2087 1.650 2.670
Truncated
exponential 175.9715 178.0412 -0.2465 -3.1626

The average lognormal taluk size distribution and truncated ex-
ponential taluk size distribution are deviated in least from the 
average taluk size of empirical distribution in both the years. 
Other models having larger deviations in both the years. It indi-
cate that lognormal and truncated exponential models may be 
preferred than the other models.

The variability of taluk size distribution fitted statistical models 
such as exponential, q-exponential, truncated exponential and 
lognormal models are measured in terms of coefficient of vari-
ation. 

Models Coefficient of variation
2001 2011

Exponential 80% 80%
q-exponential 80% 99%
lognormal 54% 58%

Truncated exponential 58% 58%

The coefficient of variation in both the years due to lognormal 
and truncated exponential model are minimum than the expo-
nential and q-exponential models. It shows that the lognormal 
and truncated exponential model may be preferred than the oth-
er models because less amount of variation in lognormal taluk 
size distribution and truncated exponential taluk size distribu-
tion have been observed.

The skew nature of the models may be studied in terms of meas-
ures of skewness. β1 It is obtained and presented as follows.                                                                                                                                     

          
Models

Skewness measure(β1)
2001 2011

Exponential 0.5703 0.5549
q-exponential 5.3046 1.5159
lognormal 0.8219 1.4452
Truncated exponential 1.0275 0.9727

 β1 Values are greater than zero in all the models. Hence all the 
models are referred as a skew model. Hence these models may 
be used to describe the taluk size distribution.    

The kurtosis of the four models are obtained and presented as 
follows:        
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Models

Kurtosis measure(β2)

2001 2011

Exponential 2.3324 2.3144

q-exponential 7.5021 3.2446

lognormal 3.2571 3.0492

Truncated exponential 2.965 2.8928

Lognormal and truncated exponential model having  values very 
closed to three than the other models in both the years 2001 and 
2011.It indicate that these two models are moving towards the 
symmetric nature in the long run.

The inference based on the normal test statistic indicated that 
lognormal and truncated exponential rural taluk size distribu-
tion may be preferred to describe the rural taluk size distribu-
tion in both the years because the null hypothesis in the normal 
test have been accepted at 5% level of significance. The accept-
ance of null hypothesis indicates that the differences between 
the average taluk sizes in the two models are nil.

The test for goodness of fit of the models exponential, q-expo-
nential, truncated exponential and lognormal models have been 
tested using statistic and inferred that the fitness of lognormal 
model is inferred as a good fit for the rural taluk size distribu-
tion in both the years than the other models.

Fig.1 and Fig.2 indicate that the taluk size distribution repre-
sents the lognormal model have been observed as very closed to 
the empirical taluk size distribution than the other models.

Conclusion                                                                                           
In the nutshell lognormal model has been identified as a best 
model for representing the rural taluk size distribution because 

* 	 having average taluk size very closed to the empirical aver-
age taluk size.

* 	 having least amount of variation in taluk size than the 
other models.

* 	 having the skew characteristics such as β1 values greater 
than zero.

* 	 moving towards symmetric nature in the long run because 
β1 values are very closed to three.

* 	 Goodness of fit is good at 5% level of significance.
* 	 Graphically its curve having very closed to the curve of the 

empirical taluk size distribution.

Thus, the lognormal model may be used to describe the nature 
of the rural taluk size distribution. The rural taluk size popula-
tion may be analyzed using multivariate models for further 
study.
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