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Abstract— In the last few decades, certain urban centers in 
Andhra Pradesh have witnessed tremendous growth attracting 

people from neighboring areas for better opportunities. For 

example, in Hyderabad, this has led to huge growth in urban areas 

of the city and can be attributed to a large amount of in-migration 

to this region mostly from the neighboring areas. This belief is 
supported by the fact that the population of Hyderabad has more 

than doubled since the last decade. This work therefore aims to 

analyze the spatial and temporal aspects of in-migration, identify 

the factors that contribute to attraction of migrants, find patterns 

in migration and develop a regression model. For this, an 
attractiveness index is developed using socio-economic factors to 

measure the pull-factor of the region. Data mining tool R is used 

to analyse the socio-economic factors and identify the prominent 

ones - income, health and education dimensions leading to the 

development of a distance weighted regression model. While the 
datasets for the years 1991 and 2001 are used as training set, the 

developed model output has been tested with data for the year 

2011. The predicted population density is close to the observed 

population density for the year 2011. A comparison of these figures 

with spatial auto-correlation statistical approaches is also 

presented here. 
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I.  INTRODUCTION 

Population of Hyderabad has grown from 36 lakhs in 2001 to 

more than 68 lakhs in 2011 with a metropolitan population of 

about 77.5 lakhs making in it India’s fourth most populous city 

(census reports). This rapid growth is mainly a result of rapid 

urbanization taking place in the city which is largely induced by 

migration. Migrants comprise nearly half of this total urban 

population [3]. Thus, in order to gain a better understanding of 

this phenomenon and assess its behavior, it is necessary to study 

and analyze migration into Hyderabad, the factors behind it and 

the regions that contribute to this. 

Statistical models developed for modelling migration such as 

adhoc models, gravity models and Markov models consider 

either time-series interaction or spatial interaction for calculating 

net-migration. Adhoc and Markov models focus on the time-

series interaction whereas gravity models mainly consider 

spatial aspect. The number of people migrating from nearby 

locations to an urban center is likely to be higher than those 

migrating from a far-off location. Therefore, considering the 

neighborhood is very important to understanding how the 

migration occurs. Also, a particular location may be more 

attractive at some period of time but then become less attractive 

over time. In this scenario, the number of migrants to that 

location is likely to decrease over time. Hence, it is necessary to 

consider both spatial and temporal aspect as equally important 

parameters for finding net-migration and understanding how this 

interaction changes. 

Beale(1969) analyzed the behavior of both in-migration and 

out-migration to determine if these rates vary depending on the 

net-migration rate. He used aggregated data for both metro and 

non-metro areas in the US and found in-migration being highly 

correlated with net-migration in growing regions (regions with 

positive net migration) whereas out-migration doesn’t have a 

significant impact on net-migration in areas with little change in 

net population. 

Kriesberg and Vining provide evidence for Beale’s findings 

using Japanese perfectures. They found that most of the change 

in net-migration in largely rural areas is due to shifts in out-

migration flows and in largely urban areas is due to shifts in in-

migration flows. Considering the above findings and Hyderabad 

being a growing region, in-migration statistics were used to 

compute net-migration. 

In the recent decades, Hyderabad has grown with a 

tremendous speed compared to other areas in Andhra Pradesh. 

Therefore, this has attracted migrants from neighboring and 

relatively less-developed districts such as Mahbubnagar, 

Nalgonda for better opportunities. This is supported by the fact 

that internal migration flows constitute nearly 75% of the total 

migration flows to these areas [3]. Consequently, the 

neighboring districts are a major factor towards computing in-

migration. 

Statistics of neighboring districts present within a distance of 

200km from Hyderabad were considered for in-migration since 

locations nearby are more influenced by the changes in the main 

urban center, rather than those away from it – leading to a varied 

migration rate to the city (Tobler’s law of Geography). For this 

study, district urban population is considered as a proxy for the 

urban city population. 
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This work therefore aims to understand both the spatial and 

temporal aspects of population mobility, identify the factors 

contributing towards attraction of migrants, develop a regression 

model and find migratory patterns from different districts to 

Hyderabad.   

II. DATASET  

A. Input dataset: 

1. Urban population density [1] 

2. Income, education and health dimensions [3] 

3. Urban in-migration population from within Andhra 

Pradesh [3] 

 

Ten districts, as per the criteria, that were considered are 

Guntur, Karimnagar, Mahbubnagar, Medak, Nizamabad , 

Rangareddy, Nalgonda, Warangal, Kurnool and Hyderabad. The 

socio-economic factors that were used are Per Capita GDDP for 

Income dimension, Schooling and Adult Literacy for Education 

dimension and for Health the Infant Mortality Rate (IMR) and 

Infant Survival Rate (ISR) were considered. 

 

III. SPATIAL AUTOCORRELATION 

A. Moran’s Index 

Initial spatial analysis was done by calculating spatial auto-

correlation statistic using Moran’s Index for analyzing the 

degree of dependency among observations in a geographical 

space. This index provides for spatial weights that reflect the 

intensity of the geographic relationship between observations in 

a neighborhood. The Moran's Index was calculated for the 

socio-economic parameters - Education, Income and Health.   

This computation was done using the R package spdep for 

each of the input parameters of both years. 

 

     
 

Figure 1.a: Income index- 1991     

 

 
 

Figure 1.b: Income index- 2001 

 

  
    
Figure 1.c: Education index- 1991       

 

 
Figure 1.d: Education index- 2001 

 

Fig1: The figures represent spatial autocorrelation values for 

both income and education index for the years 1991 and 2001   
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B. Discussion 

From the figure1 above, we can see that Hyderabad shows 

negative correlation with its neighbors for the education index 

in 1991 whereas there exists positive correlation in 2001. 

However, Hyderabad is positively correlated with its neighbors 

for income index values in 1991 and negatively correlated in 

2001. 

It is observed from that the autocorrelation values for both 

income and education indices, that an island effect is created 

near Hyderabad. The values obtained for Hyderabad are 

significantly different from its neighbors. Also, there doesn’t 

exist a gradual slope in values from Hyderabad to its neighbors 

but a steep rise or decline. Moreover, there is huge difference 

in autocorrelation values for Hyderabad itself for all the indices -

education, income and health in the years 1991 and 2001. 

The results indicate that using only spatial autocorrelation 

measures to evaluate in-migration into Hyderabad is 

insufficient. They are good for primary analysis but in this case 

it doesn’t clearly indicate how the urban population density 

varies and which districts contribute maximum to in-migration . 

Therefore, a new model is proposed to study the in-migration  

to Hyderabad. 

 

IV. PROPOSED MODEL 

A. Attractive Index 

To measure the pull factor for urban in-migration in a 

district, an attractive index was developed using the socio-

economic parameters of the region. This involves using income, 

education and health indices for all the 10 districts, which were 

derived from the primary data that was made available as part 

of the statistical handbook of Andhra Pradesh. In this model, a 

linear additive approach is adopted for deriving the Attractive 

index, as all these individual indexes are assumed to be 

normalized across their ranges. 

 

 
 

Fig2.a: Attractive index for different districts for the year 1991 
 

 
Fig2.b: Attractive index for different districts for the year 2001 

 

B. Linear Regression Model 

Fotheringharn and Curtis (1999) suggested that the role of 

distance between an origin and a potential destination has to do 

with the information about the destination. The longer the 

distance a potential destination is apart from an origin, the less 

likely are migrants living in that origin to have information  

about the destination. The above hypothesis is based on the idea 

that the more the uncertainty about a destination, the less 

attractive a destination is. As a result, the distance to a 

destination is often the most important factor in explaining  

migration flows. Flowerdew (1997) from his work involved in 

modelling migration in the UK provides empirical evidence for 

model improvement when a migration-weighted distance 

replaces a population-weighted centroid distance in gravity 

model. 

Therefore, a new parameter involving Euclidean distance 

from Hyderabad to the urban centers of the districts was 

introduced to account for this. 

 

 

1) Training the Model 

The attractive index, Euclidean distance and urban 

population density for all districts for the years 1991 and 2001 

was taken as input to R. The RWeka library is the adoption of 

the Weka into R statistical package. Weka is a collection of 

machine learning algorithms suited for data mining tasks. 

RWeka library in R consists of a set of different functions which 

can be used to train data. 

 

The model thus derived, is as follows - 

 

Pt = -22120.977 + ∑ 880930.947 * ( Ait  - At  / di )   
 

where Pt is the population density of Hyderabad for the year t 

and At is the attractive index of Hyderabad for the year t, A it is 

the attractive index of district i for the year t and d i is the 

distance from Hyderabad to district i. 
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2) Test data and Results 

Using the derived model and the input values of income, 

health and education indices for the year 2011, the population 

density of Hyderabad for 2011 was predicted. The model 

predicted the population density as 18,035, while the reported  

population density is 18,100. 

As can be seen from the model, the contribution of each 

district towards population density in Hyderabad is directly 

proportional to difference in attractive index by the distance of 

the district from Hyderabad. Fig 3 shows the contribution of 

each district to population density due to in-migration in 

Hyderabad calculated for the year 2011. 

 
 

Fig3: Contribution of Each District to Hyderabad's Population 

density for the year 2011 

 

3) Discussion 

The results obtained show that it is possible to predict the 

urban population density of Hyderabad given its previous 

population density, socio-economic dimensions and distance 

parameter. Also, the predicted population density is very close 

to the expected one. Since the model is able to predict the urban 

population density of Hyderabad quite accurately, this helps us 

further to estimate the net in-migration that occurs from each 

district. 

Fig3 shows the percentage contribution of each district 

towards in-migration in Hyderabad. The contribution of 

Mahbubnagar district is the highest followed by Nalgonda. 

Other contributors include Medak, Rangareddy and Warangal 

districts in decreasing order. Guntur, Karimanagar, Nizamabad  

and Kurnool districts are the lowest contributors. 

The role of distance from the place of migration to Hyderabad 

is very important. For similar attractive index of two districts, 

the district closer to Hyderabad would contribute more towards 

in-migration in Hyderabad. Kurnool, Karimnagar and 

Nizamabad districts are at a larger distance from Hyderabad 

compared to other districts. This is the primary reason for these 

districts to be the lowest contributors to Hyderabad. 

Mahbubnagar and Nalgonda districts are among the very 

poor districts in Andhra Pradesh which is also reflected from 

lower income, education and health indices for these districts. 

Lack of job opportunities and good living conditions has led to 

higher migration from these districts to Hyderabad. 

 

V. MIGRATION PATTERNS 

The model above was able to predict the urban population 

density of Hyderabad with good accuracy. Hence, using this 

model, we can find the contribution of a district towards in-

migration in Hyderabad over the last few decades and find how 

it varies over a period of time.  The contribution of a district is 

computed using the difference in the attractive index divided by 

distance from Hyderabad for a district. Since our model 

considers mainly in-migration, the net migration found would 

predominantly depict the in-migration that has occurred. 

 

 
 

 
 
Fig4: Values of Contribution factor for 1991 and 2001 for all districts 

 
It can be seen from the Fig4 above that the top contributors 

towards urban in-migration in Hyderabad are Mahbubnagar and 

Nalgonda districts. These are followed by Medak, Rangareddy, 

Warangal, Nizamabad, Kurnool, Karimnagar and Guntur. The 

order for the year 2001 and 2011 is almost similar except in-

migration from Nizamabad district is now higher compared to 

Kurnool district. 

Fig4 shows that the contribution of districts -Mahbubnagar, 

Medak, Rangareddy, Warangal and Kurnool has decreased. 

District Year 1991 Year 2001

Guntur 0.00111 0.00133

Karimnagar 0.00262 0.00262

Mahbubnagar 0.01 0.00941

Medak 0.00642 0.00526

Nizamabad 0.00352 0.00364

Rangareddy 0.00603 0.00471

Nalgonda 0.00676 0.00696

Warangal 0.00497 0.00421

Kurnool 0.00371 0.00343
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These districts are located in the immediate neighborhood of 

Hyderabad. So, with swift development in Hyderabad, the 

districts in peripheral are also experiencing higher growth rates 

discouraging mobility of people and in-turn decreasing out-

migration rates from these districts to Hyderabad. 

On the other hand, the contribution increased from districts -

Guntur, Nizamabad and Nalgonda.  With rapid development in 

Hyderabad and better economic opportunities for people, the 

pull factor towards Hyderabad has increased which is reflected 

from the higher health, income and education indices attracting 

more people from comparatively far-off districts such as Guntur 

and Nizamabad. 

 

VI. CONCLUSION AND FINAL REMARKS 

The objective of this paper was to analyze the spatio-
temporal aspects of in-migration, identify the factors behind it, 

find patterns and develop a model. Analyzing the in-migration 
using only spatial autocorrelation was found to be insufficient. 

So, the socio-economic factors –income, health and education 
dimensions that contribute to the pull-factor for a region were 

identified. Attractive index for a region was computed based on 
this. Linear regression model developed using the attractive 

index and the distance parameter was able to successfully predict 

the urban population density of the district. The predicted 
population density for hyderabad was found to be very close to 

the actual population density for the year 2011. Contribution 
factor of a district was developed using the difference in the 

attractive indices and the distance parameter. Mahbubnagar and 
Nalgonda districts were identified as top contributors and 

Karimnagar and Guntur districts as the lowest contributors 

towards in-migration in Hyderabad for the years 1991, 2001 and 
2011. The contribution of districts in the immediate 

neighborhood of Hyderabad such as Rangareddy and Medak 

was found to have decreased whereas contribution from 
comparatively far-off districts such as Guntur and Nizamabad  

has increased compared to contribution in 1991. 

The limitation of the model developed is that it doesn’t 
consider accessibility and connectivity parameters while 

considering the pull-factor of a region. Migration between two 
highly connected places present at a larger distance from each 

other maybe higher than two nearby places which are not well 
connected. Future work would involve considering these factors 

as well in order to develop a better model and find more 

migratory patterns. 
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