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Abstract— This study presents the inequality of district 

population using probabilistic model. The size distribution of 

districts and the inequality of population in the districts are 

related. District sizes are increased based on the area and its 

population. Pareto model was used to describe the district 

size distribution. Gini index was used to measure the 

inequality of population in rural and urban area of the 

districts. This study includes all districts of Tamil Nadu and 

their respective population as per 2011 census for an 

empirical analysis. As per this study, the inequality of the 

rural population is more than the urban population of all 

districts in Tamil Nadu state using Gini index or Gini 

concentration ratio based on Pareto model. 
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I. INTRODUCTION 

Urban area is defined as all places with a municipality, 

corporation, and cantonment boarder notified town area 

committee, etc. All other places which satisfied the 

following criteria: 

 A minimum population of 5000 

 The density of not less than 1000 persons per square 

mile or 400 persons per square kilometer. 

Rural area is the complement form of urban area. 

District size is the population of the District. District size 

distribution is the distribution of District with respect to 

their population. District size undergoes changes over time 

and space. The growth of urban and rural population attracts 

Demographers, planners, etc to study the changes in size and 

the structure of the urban and rural population. Inequality in 

the sizes of urban and rural population influences the 

changes in size and structure of the urban and rural 

population. Sadras and Bongiovanni (2004) used Lorenz 

curve and Gini index to assess the yield inequality. Arnold, 

B.C (2008) used the Gini index and Pietra index as the 

measures of inequality in income distribution. Sarabia, J.M 

(2008) used Lorenz curve and Gini index to measure the 

inequality in income distribution. An attempt has been made 

to study the inequality of urban and rural population of all 

District using Pareto probabilistic model. Parameters of 

these models can be estimated by using the Method of 

Maximum Likelihood. The inequality of urban and 

population in all Districts of Tamil Nadu State is to be 

studied using Gini’s concentration ratio. 

The Lorenz curve is the graph based on cumulative 

proportion (orpercentage) of total population of Districts 

against the cumulative proportion (orpercentage) of number 

of Districts having its population. The Gini Index(GI) 

named after its originator Gini(1912) is twice the area 

between the L(p) and the diagonal segment joining the 

points (0,0) and (100,100).The line segment joining  the two 

points (0,0) and (100,100) is known as line of equal 

distribution or egalitarian line. The alternative names for 

Gini index are Lorenz concentration, Gini coefficient and 

Gini concentration ratio.  

II. OBJECTIVE 

To study the inequality of urban and rural population in all 

Districts of Tamil Nadu state by using Gini’s concentration 

ratio using Pareto model. 

III. METHOD OF ESTIMATING GINI’S CONCENTRATION RATIO 

A. Lorenz Curve 

Lorenz Curve is a powerful tool for analyzing the District 

size concentration. The graph of the function q = f(p) is 

called Lorenz curve, where p and q are defined as 

px = P[X ≤ x] 

= ∫ 𝑓(𝑥)𝑑𝑥
(0,𝑥)

 

=
𝑁𝑢𝑚𝑏𝑒𝑟𝑜𝑓District𝑠𝑠𝑖𝑧𝑒 ≤ 𝑥

𝑁
 

𝑞𝑥 =
∫ 𝑥𝑓(𝑥)𝑑𝑥

(0,𝑥)

∫ 𝑥𝑓(𝑥)𝑑𝑥
(0,∞)

 

=
𝑇𝑜𝑡𝑎𝑙𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑜𝑓𝑡ℎ𝑒District𝑠𝑤𝑖𝑡ℎ𝑠𝑖𝑧𝑒 ≤ 𝑥

𝑁𝑜. 𝑜𝑓District𝑠
 

The Lorenz function q = f (p) was graphed by 

taking values of p on x axis and the values of q on y-axis 

with suitable scale. The resulting graph was represented in 

figures. The line of equal distribution indicates the equality 

in the distribution of Districts with respect to their 

populations. When the Lorenz curve deviates from the line 

of equal distribution, there will be observed the variations in 

the DSD. Gini’s concentration ratio is a technique used to 

measure the degree of variation in the DSD. 

B. Gini’s Concentration Ratio 

Inequality in the Districts size distribution is measured by 

using co-efficient of variation, Relative mean deviation and 

Gini’s concentration ratio. Gini’s concentration ratio is an 

ideal measure for studying the variation in the DSD. A 

method of developing Gini’s concentration ratio is described 

with Pareto   probabilistic models. 

1) Pareto Model 

The District size x is assumed to follow Pareto distribution 

f(x: a), where f(x: a) is described as 

f(x:a) = 
𝑎𝑘𝑎

𝑥𝑎+1  , a>0, x ≥ k 

Where k is the threshold District size. Parameters a 

and k are estimated by using the Method of Maximum 

Likely hood (Rao C.R. 1973) 

�̂�  = [
∑ log 𝑥𝑖

𝑛
− 𝑙𝑜𝑔𝑘]

−1

 

 �̂� = min
𝑖≤1

(𝑥𝑖) 
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The expressions for p and q are obtained as 

follows. 

Px =Fx(x) 

= ∫
𝑎𝑘𝑎

𝑡𝑎+1

𝑥

𝑘
dt 

Px = 1 – (k/x)a        (1) 

qx = ∫ 𝑡𝑓(𝑡, 𝑎)𝑑𝑡
𝑥

𝑘
/ ∫ 𝑡𝑓(𝑡, 𝑎)𝑑𝑡

∞

𝑘
 . 

= I1 / I2 

Where 

I1     = ∫ tf(t, a)dt
x

k
 

=∫
aka

ta+1

x

k
dt 

= (
a

a−1
) k [(

k

x
)

a−1

− 1] 

Where 

I2    = ∫ 𝑡𝑓(𝑡, 𝑎)𝑑𝑡
∞

𝑘
 

=∫
𝑎𝑘𝑎

𝑡𝑎+1

∞

𝑘
dt 

= (
𝑎

𝑎−1
) (−𝑘) 

Therefore  

qx      = I1 / I2 

=
(

𝑎

𝑎−1
)𝑘[(

𝑘

𝑥
)

𝑎−1
−1]

(
𝑎

𝑎−1
)(−𝑘)

 

qx = 1-  (
𝑘

𝑥
)

𝑎−1

      (2) 

The function q = f(q) has been obtained by using 

(1) & (2) 

1-px= (
𝑘

𝑥
)

𝑎

 

𝑘

𝑥
    = (1 − 𝑝𝑥)

1

𝑎   (3) 

1-qx= (
𝑘

𝑥
)

𝑎−1

 

𝑘

𝑥
    = (1 − 𝑞𝑥)

1

𝑎−1         (4) 

(3) =(4) =>(1 − 𝑞𝑥)
1

𝑎−1   = (1 − 𝑝𝑥)
1

𝑎 

i.e., 1-qx = (1-px)(a-1)/a 

Since the TSD is known, q= f(p) is obtained by 

eliminating x on both sides 

i.e., q = 1-(1-p)(a-1)/a ,     0≤p≤1 

The graph of the function q = f(p) is Lorenz curve 

representing the variation in the size of the Districts. Gini’s 

concentration ratio is stated as, 

𝜌 =  
𝐴𝑟𝑒𝑎𝑏𝑒𝑡𝑤𝑒𝑒𝑛𝑡ℎ𝑒𝐿𝑜𝑟𝑒𝑛𝑧𝑐𝑢𝑟𝑣𝑒𝑎𝑛𝑑𝑡ℎ𝑒𝑙𝑖𝑛𝑒𝑜𝑓𝑒𝑞𝑢𝑎𝑙𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙𝑎𝑟𝑒𝑎𝑢𝑛𝑑𝑒𝑟𝑑𝑖𝑎𝑔𝑜𝑛𝑎𝑙
 

ρ = 1-2A, where A is the area under the Lorenz 

curve 

𝐴 =  ∫ 𝑓(𝑝)𝑑𝑝

1

0

 

𝐴 =  ∫[1 − (1 − 𝑝)](𝑎−1)/𝑎

1

0

𝑑𝑝 

A=  
𝑎−1

2𝑎−1
 

𝜌 =   1 −
2(𝑎 − 1)

(2𝑎 − 1)
 

𝜌 =   
1

(2𝑎 − 1)
 

Gini’s concentration for District size using Pareto 

model was developed as 

𝜌 =   
1

(2𝑎 − 1)
 

C. Empirical Results 

The populations of all Districts s in Tamil Nadu state as per 

2011 census were used for estimating Gini index. Districts 

are polytomized into nine classes as per 2011 census. The 

classes are I: 0 -341350; II: 341350 – 641350; III: 641350-

1241350; IV:641350-1241350; V:1241350-1541350; VI: 

1541350-1841350; VII: 1841350-2141350; VIII: 2141350-

2441350; IX: 2441350-4700000.The DSD for urban 

population in Tamil Nadu state has been formulated and 

presented in table (1)    

District size Interval No. of District 

0-341350 3 

341350-641350 8 

641350-941350 7 

941350-1241350 3 

1241350-1541350 4 

1541350-1841350 2 

1841350-2141350 1 

2141350-2441350 1 

2441350-4700000 3 

Table 1: District size distribution of urban population in 

Tamilnadu state (as per census 2011) 

The estimate of the parameter and Gini index using 

Pareto model can be obtained as follows 

�̂� = [
∑ 𝑓𝑙𝑜𝑔𝑥

∑ 𝑓
− log 𝑘]

−1

 

Where k = min(x) and x= mid value, k = 170675 

 𝑎 ̂=[
189.9782

32
− 5.2322]

−1

= 1.4192 

�̂� = 1.4192 

Gini index,  

ρ =
1

2𝑎−1
   = 0.54310 

The p and q value based on the Empirical DSD of 

Tamilnadu state (as per census 2011) is formed and 

presented in table (2) 

District 

size 

interval 

District 

size  (x) 

Percentage of 

cumulative 

value of  x (p) 

Percentage of 

Cumulative 

No. of 

districts (q) 

0-341350 170675 1.2660 9.375 

341350-

641350 
491350 4.9109 34.375 

641350-

941350 
791350 10.7811 56.25 

941350-

1241350 
1091350 18.8767 65.625 

1241350-

1541350 
1391350 29.1976 78.125 

1541350-

1841350 
1691350 41.7431 84.375 

1841350-

2141350 
1991350 56.5157 87.5 

2141350-

2441350 
2291350 73.5129 90.625 

2441350-

4700000 
3570675 100 100 

Table 2: P and q value based on empirical distribution of 

urban population 
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The distribution function of the Pareto variable X is 

stated as, 

F(x) =1 −  [
𝑘

𝑥
]

�̂�

,  

Where x ≥ k, a > 0; k = 170675; �̂� = 1.4192 

The Gini index or Gini concentration ratio is 

0.54310, this indicates that the inequality of the urban 

population in all Districts of Tamilnadu state (as per census 

2011). 

The p and q value based on the estimated DSD of 

Tamilnadu state is formed and presented in table (3) 

District 

size 

(x) 

Distribution 

function of 

x (p) 

Cumulative 

No. of 

districts 

expected 

Percentage of 

cumulative No. 

of districts 

expected by 

Pareto model 

(q) 

170675 0 0 0 

491350 0.7748 24.7936 78.5562 

791350 0.8850 28.32 89.7293 

1091350 0.9269 29.6608 93.9775 

1391350 0.9481 30.3392 96.1269 

1691350 0.9606 30.7392 97.3943 

1991350 0.9686 30.9952 98.2054 

2291350 0.9743 31.1776 98.7833 

3570675 0.9863 31.5616 100 

Table 3: p and q value based on expected district size 

distribution (using Pareto model) 

The DSD for rural population in Tamil Nadu state 

has been formulated and presented in table (1)       

District size Interval No. of Districts 

0-341350 2 

341350-641350 3 

641350-941350 5 

941350-1241350 7 

1241350-1541350 8 

1541350-1841350 3 

1841350-2141350 2 

2141350-2441350 1 

2441350-4700000 1 

Table 4: District size distribution of rural population in 

Tamil Nadu state (as per census 2011) 

The estimate of the parameter and Gini index using 

Pareto model can be obtained as follows 

�̂� = [
∑ 𝑓𝑙𝑜𝑔𝑥

∑ 𝑓
− log 𝑘]

−1

,   

Where k= min(x) and x= mid value, k = 170675 

 𝑎 ̂=[
192.6395

32
− 5.2322]

−1

= 1.2708 

Gini index 

ρ =
1

2𝑎−1
   = 0.6487 

The p and q value based on the Empirical DSD of 

Tamil Nadu state (as per census 2011) is formed and 

presented in table (5) 

District 

size 

interval 

District 

size  (x) 

Percentage of 

cumulative 

value of  x(p) 

Percentage of 

Cumulative 

No. of 

districts (q) 

0-341350 170675 1.2660 6.25 

341350- 491350 4.9109 15.625 

641350 

641350-

941350 
791350 10.7811 31.25 

941350-

1241350 
1091350 18.8767 53.125 

1241350-

1541350 
1391350 29.1976 78.125 

1541350-

1841350 
1691350 41.74310 87.5 

1841350-

2141350 
1991350 56.5157 93.75 

2141350-

2441350 
2291350 73.5129 96.875 

2441350-

4700000 
3570675 100 100 

Table 5: P and q value based on empirical distribution of 

rural population 

The distribution function of the Pareto variable X is 

stated as,  

F(x) =1 −  [
𝑘

𝑥
]

�̂�

,  

Where x ≥ k, a > 0; k = 170675; �̂� = 1.2708 

The Gini index or Gini concentration ratio is 

0.6487, this indicates that the inequality of the rural 

population in all Districts of Tamil Nadu state (as per census 

2011). 

The p and q value based on the estimated DSD of 

Tamil Nadu state is formed and presented in table (6) 

District 

size (x) 

Distribution 

function of 

x (p) 

Cumulative 

No. of 

districts 

expected 

Percentage of 

cumulative No. 

of districts 

expected by 

Pareto model 

(q) 

170675 0 0 0 

491350 0.7389 23.6448 75.5444 

791350 0.8574 27.4368 87.6597 

1091350 0.9052 28.9664 92.5468 

1391350 0.9304 29.7728 95.1232 

1691350 0.9457 30.2624 96.6875 

1991350 0.9558 30.5856 97.7201 

2291350 0.9631 30.8192 98.4664 

3570675 0.97810 31.2992 100 

Table 6: p and q value based on expected district size 
distribution (using Pareto model) 
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Fig. 1: Lorenz Curve Urban and Rural Population (based on 
observed) 

 
Fig. 2: Lorenz Curve Urban and Rural Population (based on 

expected) 

 
Fig. 3: Lorenz Curve for Urban Population (based on 

observed and expected) 

 
Fig. 4: Lorenz Curve for Rural Population (based on 

observed and expected) 

IV. DISCUSSION 

A. Based on graph 

Figure (1) has been drawn based on p values given in table 

(2) and table (4). It shows that the observed Lorenz curve 

for the empirical distribution of both urban and rural are 

deviated from the line of equal distribution. It shows that the 

inequality in the district size distribution of urban and rural 

population. But there are slight differences between the 

observed Lorenz curves for both urban and rural population 

existed visibly. 

Figure (2) has been drawn based on q values given 

in table(3) and table(4). It shows that the expected Lorenz 

curves of district size distribution for urban and rural 

population are deviated from the line of equal distribution. 

But the difference between the two Lorenz curves leads to 

zero level. 

Figure (3) has been drawn based on the value of  p 

and q given in table (2) and table (3). It shows that the 

observed Lorenz curve and the expected Lorenz curve by 

Pareto model are deviated from the line of equal distribution 

in the case of urban population. It indicates the inequality in 

the district size distribution of urban population. The 

differences between the observed and expected Lorenz 

curves existed visibly. 

Figure (4) has been drawn based on p and q values 

given in table (5) and table (6). It shows that the observed 

Lorenz curve and the expected Lorenz curve by Pareto 

model are deviated from the line of equal distribution in the 

case of rural population. It indicates the inequality in the 

district size distribution of rural population. The differences 

between the observed and expected Lorenz curves existed 

visibly. 

B. Estimates of parameters- Pareto Model 

Parameter Urban Rural Interpretation 

K 170675 170675 

Thresholds level in both 

urban and rural area are 

same 

�̂� 1.4192 1.2708 

The estimate based on 

urban population is more 

than the estimated value 

based on rural population 

in the districts 

Gini 

index,  ρ 
0.5431 0.6487 

The value of Gini index for 

rural population is greater 

than the value of Gini 

index for urban population. 

It indicates the district size 

distribution for rural 

population has more 

concentration the district 

size distribution for urban 

population. 

Table 1: Estimates of parameters- Pareto Model 

V. CONCLUSION 

The value of Gini index for rural population is greater than 

the value of Gini index for urban population. It indicates the 

district size distribution for rural population has more 

concentration the district size distribution for urban 

population. 
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