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Abstract Population growth drives the process of urbanization and associated landscape changes. 

The conversion of natural landscape to anthropogenic landscape represents the most visible and 

pervasive form of human impact on the environment. The impact of population growth on Bundelkhand 

Landscape, Central India was analyzed using Landsat series satellite and MODIS Terra products. 

Population growth (total, urban and rural), landscape changes and variability in land surface 

temperature were analyzed for the last decades. The population has been increased manifold since 

1901 and urbanization has also increased with the rate of 1.4km
2
a

-1
 during last 24 years. This increase

was rapid in current years (2000-2013) as compared to previous years (1989 - 2000). Due to rapid 

population growth, forest cover has been reduced by ~54% while agricultural land has been increased 

by ~76%. The mean land surface temperature has also increased by ~0.5
 o

C during last 14 years

(2001-2014). It is observed that the population growth was proportional to the growth of agriculture 

land (r = 0.91, p < 0.05, n = 4) and the built up area (r = 0.94, p < 0.05, n = 4) while inversely 

proportional to the forest resources (r = -0.99, p < 0.001, n = 4). The study indicates the phenomena 

“human environment interaction” where rapid population growth has lead LULC changes. This study 

also reveals that population growth is imposing an increasing burden on the limited and continually 

degrading natural resources thus altering the local environment. 

Keywords Geospatial Techniques; Urbanization; Landscape Changes; Bundelkhand; North Central 

India 

1. Introduction

Rapid population growth and accelerated demographic shift has made urbanization a significant 

increasingly global phenomenon [1]. Between one-third and one-half of the land surface has been 

transformed by human action [2]. The use of land to yield goods and services represents the most 

substantial human alteration of the earth system. Human use of land alters the structure and 

functioning of ecosystems, interacts with the atmosphere, with aquatic systems and with surrounding 

land. Moreover, land transformation interacts strongly with the components of global environment 

change [2]. With their speed, fragile ecologies and limited natural resources the impact of 

environmental change are more visible in developing regions [3].  
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Insights into human drivers of landscape change are crucial to understand the effect of human 

pressures on the structure and function of ecosystems [4]. Similarly, understanding the impact of 

anthropogenic activities on natural landscape is crucial for developing effective management plan [5]. 

The increasing variability, especially in the developing countries calls for the use of monitoring systems 

like Geospatial modelling. Geospatial techniques with integration of temporal satellite data sets and 

statistical analysis, it has become more efficient to observe the landscape changes [6], [7], [8]. 

Geospatial techniques have already shown their value in mapping urban areas, and as data sources 

for the analysis and modelling of urban growth and land use change [9], [10]. Studies were carried out 

to analyze the population growth and its impacts on environment using geospatial techniques [10], 

[11], [12]. The impact of disorganized urbanization on agriculture, ground water resources and on 

regional climate has been analyzed through geospatial technique [13], [14]. 

 

Bundelkhand region having an area of 7.1 million hectares comprises of seven districts of Uttar 

Pradesh (UP) and six districts of the Madhya Pradesh (MP) is among the least developed regions of 

Central India [15]. It has several historical places and tourist attractions. The region, with current 

human population ~21 × 10
6
, is lagging behind in terms of social and economic development and also 

affected by several drought years. The frequency of droughts has increased dramatically during recent 

years in this region, from one in 16 years during 18th and 19th centuries to virtually per year in recent 

times [16]. Banda, the largest and highly populated district of this region is influenced by several 

environmental problems such as rainfall uncertainty, ground water depletion, drought and global 

warming [16]. In the Bundelkhand region, very few studies have been done using geospatial 

techniques to analyse the urbanization growth and its impact on natural resources as well in local 

climate and are limited to explore the basal topography and water resources management [16], [17], 

[18]. Hence the study were undertaken to analyze the population growth, urbanization trend, 

landscape changes with respect to land surface temperature changes for the sustainability of the 

Bundelkhand region, Central India. 

 

2. Study Area 

 

Banda district (80°07'-81°34' E and 24°53'-25°55' N) is the eastern most district of Bundelkhand 

region, Central India (Figure 1). It covers an area of ~4460 km
2
 and total human population of 1.8 × 

10
6
 (Census of India, 2011). The elevation in the area ranges from 400 to 600 m above mean sea 

level. It is drained by the Yamuna River and its tributaries (Ken and Baghein rivers). Over ~80% of 

population is dependent on agriculture and on an average ~96% of the farmer’s income is being 

earned from the crop and livestock (agriculture economy). Its most of the area is irrigated by Ken canal 

network and groundwater through shallow and moderately deep tube wells. It is mostly covered by 

massive sandstone and limestone (high ground water yield) along with basement crystalline, 

impermeable or hard igneous and metamorphic rocks (poor aquifer and high runoff) exposed in the 

south-eastern part of the region. The region forms northern fringe of the peninsular India coming in 

contact with the Gangetic alluvium. Its major area is covered by Bundelkhand Granite Complex 

(Archean to Proterozoic) exposed in the south-eastern part of the region and overlain by alluvium soils; 

it is divided into two parts unconsolidated older (Pleistocene) and consolidated newer (Holocene) 

Alluvium. The general slope of the district is from southwest to north-east [19]. Climate of the district is 

characterized by hot summer, pleasant monsoon and cold seasons. The climate of the area is dry. The 

area lies in the semi-arid zone of Bundelkhand region. The annual rainfall is around ~950 mm, with 

maximum precipitation (80%) received between July and September from the south-east monsoon 

(20). It has an average temperature of 13-36 
o
C, minimum average temperature of 5.6-12 

o
C in winters 

(January-February) and maximum average temperature 32-44 
o
C in summers (March-May). 
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Figure 1: Location map of Banda district, Bundelkhand landscape, Central India, drainage network and synoptic 

view by Landsat 8 (PAN merged) operational land imager sensor data 

 

3. Data and Methods 

 

The census data of the district were collected from the Census survey of India for period of 1901-2011. 

The population growth and decadal variation were analysed for the urban, rural and total population of 

the district. Images from Landsat satellites series of different resolutions were used for the spatio-

temporal data generation. Multispectral images of Landsat thematic mapper (TM) from 1989, 

enhanced thematic mapper (ETM
+
) from 200 and Landsat 8 Operational Land Imager (OLI) image 

from 2013 were acquired from United States Geological Survey (USGS, 

http://earthexplorer.usgs.gov/). Additionally, the topographic maps of 1961 (1:50000) and 

administrative map of Banda district obtained from Survey of India were used as secondary data for 

the location identification and interpretation in satellite data. Landsat OLI satellite image was 

pansharped by using its band 8 (Panchromatic band) and Brovery transform algorithm with bilinear 

interpolation re-sampling method. Pansharped Landsat OLI satellite image (2014) was used as a 

reference to co registered satellite images of different time period to UTM Zone 44 North projection 

with WGS-84 datum within 0.5 pixel error. The built up area was manually extracted from the satellite 

data for different years (1989, 2000 and 2013) for the nine major populated regions of the district 

(Banda, Atarra, Baberu, Tindwaree, Badausa, Bisanda, Oran, Narainee, and Kamasin). In the selected 

populated regions, Banda, Atarra, Narainee and Baberu are the main towns and rest spots are the 

main villages of the district. The urbanization for last four decades (1989 to 2013) of the district was 

analysed. Annual expansion rate for the different time periods (1989-2000, 2000-13 and 1989-2013) 

were calculated and urbanization index were prepared for district and selected towns using following 

equation [21]: 
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Where   is intensity index, Δ  is expansion area of urban land during a certain period, TLA is the total area of the 

research area, and Δ  is time span of certain duration. 

 

Satellite images were studied thoroughly to ascertain the probable land use classes and their range of 

reflectance values (DN). Six land use and land cover types were identified and used in this study, 

including: (1) urban or built-up land, (2) Open land and rocks, (3) Agriculture, (4) Forest (5) Grass land 

and shrubs, and (6) water. Supervised classification using maximum likelihood classification algorithm 

was performed for the classification of satellite data of different years in the Erdas Imagine 2015 

environment. Accuracy (80-86 %) of the classified images was assessed, by comparing the classified 

data with ground truth GPS data. The land Use land cover changes (LULCC) were analysed by 

comparing the classified land use land cover maps of each year. Linear regression analysis was 

carried out in between variables like population growth, built up area, forest cover, and agriculture land 

to understand the impact of population growth on environment. 

 

MODIS Land surface temperature (LST) product 8 day L3 Global 1 km (MOD11A2) was used to 

analyze the land surface temperature of the region. These data have been downloaded from the Land 

Processes Distributed Active Archive Centre: (https://lpdaac.usgs.gov/). The orbit of Terra around the 

Earth is scheduled to pass from north to south across the equator at about 10:30 a.m. and p.m. local 

solar time. The MODIS land surface temperature (LST) is derived from two thermal infrared band 

channels, i.e. 31 (10.78–11.28 μm) and 32 (11.77–12.27 μm) using the split-window algorithm [22] 

which corrects for atmospheric effects and emissivity using a look-up table based on global land 

surface emissivity in the thermal infrared [23].  

 

4. Results and Discussions 

 

The Banda district, one of the main landscapes of the Bundelkhand, covers major areas and is the 

major contributor of its economy. As per the analysis of district census data, the population of the 

district has been increased manifold since 1901 (Figure 2). The results for the population growth 

indicated increasing trend since 1901. The changes in population for each decade were calculated and 

it was observed that there was an increment in the population by approximately three times in last six 

decades (1961-2011). The growth in the urban population is comparatively high as compared to the 

rural population in the same time period. The decadal variation of the urban population (13-97%) was 

higher as compared to rural population (18-24%) during last six decades (1961-2011) (Figure 2). In the 

year 1961, decadal urban population decreased significantly as compared to rural population, the 

reason of this drift has remained unclear. In the following years (1971 and 1981), the decadal 

population of urban areas has increased dramatically. Most of the population tend to migrate towards 

urban areas for the better facilities which could be the reason of this higher population in urban. 

Increasing urban population could be also due to the natural growth of population in urban areas, rural 

to urban migration and reclassification of rural areas as urban in course of time [1]. The results of 

urbanization analysis of the district showed an annual expansion rate of 1.4 km
2
a

-1
 during 1989-2013, 

noticeably, 2000-2013 had higher annual expansion rate (3.4 km
2
a

-1
) as compared to 1989-2000 (1 

km
2
a

-1
). Similar results were observed for urbanization index which was higher during 2000-2013 (0.1) 

as compared to that during 1989-2000 (0.02). The annual expansion in the major towns of the district 

was higher as compared to the villages. Banda, Atarra, Narainee and Baberu showed high annual 

expansion rate as (0.2, 0.04, 0.03, and 0.02 km
2
a

-1 
respectively) while villages showed a constant 

expansion rate 0.01 km
2
a

-1
 (Table 1). The increased urbanization is indicating increased land 

consumption and land excessive rate. Considering the built up expansion rate for selected urban 

towns of the district (Table 1), Banda city is the main town of the district and showed maximum 

changes (expansion) in built up area (~8 km
2
) and had highest expansion rate 0.2 km

2
a

-1
 and 
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urbanization index of 1.1. Atarra and Baberu are the second and third highest developed town of 

district, which also had high annual expansion rate (0.04 km
2
a

-1
, 0.03 km

2
a

-1
 respectively) and 

urbanization index (0.2 and 0.1 respectively) (Table 1). Major development like construction of 

institutions, hospitals, government buildings etc. was done during 2000-2013 in the district. Increase in 

built up area with population growth indicates that land was being used for urbanization at faster rate. 

 

Table 1: Changes in the built up area, annual expansion rate and urbanization index of the selected nine urban 

towns of the Banda district during 1975-2013 

 

 Changes in Area (1989-2013) km
2
 

Annual rate (1989-2013) 

km
2
a

-1
 Built up Index 

Banda 8.0 0.2 1.0 

Atarra 1.4 0.04 0.2 

Baberu 0.9 0.02 0.1 

Tindwari 0.4 0.01 0.1 

Badausa 0.3 0.01 0.03 

Bisanda 0.2 0.00 0.02 

Oran 0.2 0.00 0.02 

Narainee 0.7 0.02 0.1 

Kamasin 0.2 0.01 0.03 

 

As per the results of LULCC, the agriculture land comprised 73.9% of the area while forest cover 

comprised 8.1% area of district in 1989. From 1989 to 2013, the area of agriculture was found to 

increase while forest cover decreased (Table 2). In India and other developing countries, large areas 

had been partially cleared for agriculture. The degradation of forest cover was high in the period 1989-

2000 (2.2%) as compared to 2000-2013 (2.1%) while agriculture land showed increment of 0.01% 

during the same period (Table 2 and Figure 3). The major LULC changes during 1880-2010 in India, 

which includes loss of forests, expansion of cropland and urbanization was studied by Tian et al. 2014 

[24]. They have proposed that the greater deforestation occurred during 1880–1950 due to British rule 

policies to increase income from the timber products and cropland, however, deforestation decreased 

after the 1980s due to formulation of government policies to protect forests. Booth et al. (2002) [25] 

have reported the changing rates for the Southeast Asia forests (0.8 to −0.9%), Latin America (0.4 to 

0.5%) and for the humid forests of Africa (0.4 to 0.5% per year). Richards and Flint (1994) [26] have 

reported that total forest area decreased from 100 million ha to 81 million ha while cropland area 

increased from 100 million ha to 120 ha during 1880–1950. New cultivation, population increase and 

poverty were found as the major cause of this deforestation. Built-up area showed increasing trend, 

however it had higher growth in 2000-2013 (1%) as compared to 1989-2000 (0.2%). There was 

increment in built up area (0.3% - 1.6%) since 1989-2013 especially along the roads. Although not 

significant, agriculture land and built up area were inversely correlated to the deforestation.  

 

A continuous decrease in open land, rocks, grass and shrubs were observed in between 1989-2000 

(0.7% and 2.1%) and 2000-2013 (0.04% and 2.8%). The area of surface water bodies of the district 

were seen fluctuating. It could be due to several drought years in between 1975-2013. Similar 

observations were reported for the Bundelkhand region [16]. The results showed agricultural 

expansion and intensification were the major drivers of LULCC. Reduction in the forest cover, grass 

and shrub land and increment in agriculture and built up land indicate unplanned development and 

anthropogenic activities in the district.  

 

 

 

 



IJARSG– An Open Access Journal (ISSN 2320 – 0243)  

 

International Journal of Advanced Remote Sensing and GIS 1760 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: A) Population of the Banda district during each census since 1901-2011. (B) Decadal population 

variation for rural, urban and total (rural and urban) population of the Banda district 

 

Table 2: Changes in the land use and land cover of the district for the period 1989-2013 

 

 1989 2000 2013 

LULC % Area Area  % Area Area % Area Area  

Water bodies 0.9 40.2 1.0 44.4 1.6 70.9 

Forest cover 8.1 361.5 5.8 259.8 3.7 166.7 

Agriculture 73.9 3296.1 77.2 3442.2 80.4 3587.8 

Open land and rocks 3.9 177.1 4.7 209.8 4.8 211.8 

Grass and Shrubs 12.8 569.9 10.7 477.7 7.9 353.1 

Built-up 0.3 15.2 0.6 26.1 1.6 69.8 
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Figure 3: Landscape changes in the Banda District, (A) LULC map of 1989, (B) LULC map of 2000, and (C) 

LULC map of 2013 

 

To understand the impact of increasing population and disorganized urbanization on landscape, a 

linear regression analysis was carried out. The analysis of population growth and others indicates 

decrement in the forest resources and substantial increment in the built up and agriculture land (Figure 

4). Increase in population growth was significantly correlated to increasing agriculture land (r = 0.91, p 

< 0.05, n = 4) and built up area (r = 0.94, p < 0.05, n = 4). However, increasing populations 

significantly affected the forest cover (r = -0.99, p < 0.001, n = 4). The Figure 4 indicates the negative 

correlation of population and forest cover. With the growing population the forest cover showed a 

continuous decrease while population growth has positive correlation with agriculture and built up land. 

The changes of landscapes indicate the social and economic needs of growing population. 

Deforestation has been associated with increases in population density [5]. It indicates negative effect 

of population pressure on natural landscape of the district. Increasing human population and climate 

variability is affecting not only the district but also the other parts. Similarly, Badreldin and Goossens, 

(2014) [27] have also analyzed the LULC changes in the Egypt, where climate and human activities 

were the main causes for landscape change.  

 

To analyze impact of human induced changes in LST, the MOD11A2 data for the period 2001 to 2014 

were analysed and significant increment in the LST were observed (Figure 5). In 2001, ~59% of the 

district area represented 24°C to 26°C LST range, ~26% area represented 22°C to 24°C LST range, 

~13% area represented 26°C to 28°C LST range and ~1% area represented 28°C to 30°C LST range. 

As compared to 2001, increment in LST was observed in 2007. In 2007, ~50% area represented 24°C 

to 26°C LST range; ~48% area represented 26°C to 28°C LST range, ~2% area represented 28°C to 

30°C LST range, and ~1% area represented 23°C to 24°C LST range. Similarly for 2014, ~70% area 

represented 26°C to 28°C LST range, ~22% area represented 24°C to 26°C LST range, and ~8% area 

represented 28°C to 30°C LST range. The lowest land surface temperature range for the district 

increased 2°C and highest land surface temperature range increased 1°C (Figure 6). The overall mean 

land surface temperature of the district has been increased by 0.5°C (Figure 5). Mohan and Kandya, 

(2015) [28] have analyzed the diurnal temperature range (DTR) of the Delhi city for period 2001 to 

2014 and reported that the converging trend of DTR which is primarily due to the increase in the 

minimum temperatures as a consequence of built structures in the cities. Similarly, Zhang et al., (2009) 

[29] had analyzed the effect of human induced changes and land surface temperature rise in the non-

urban areas, and reported that the LULC changes has altered the land surface temperature of the 

Fuzhou city China. Chen et al., (2006) [30] had also reported changes in the temperature of the Pearl 

River Delta, caused by the LULC changes. So, the impact of rapid urbanization is not limited to urban 

http://link.springer.com/search?facet-author=%22Nasem+Badreldin%22
http://link.springer.com/search?facet-author=%22Rudi+Goossens%22
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areas but it has impact on non-urban areas (rural) also. So, it indicated the impact of rapid population 

growth and disorganized urbanization on the LULC changes, which has altered the local climate. 

 

 
 

Figure 4: Population growth and its correlation with landscape changes (A) with built-up land, (B) with agriculture, 

and (C) with forest cover 
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Figure 5: Land surface temperature (LST) obtained via MODIS Terra product for the period 2001-2015 over the 

Banda district (A) mean LST map of 2001, (B) mean LST Map of 2007, and (C) mean LST map of 2014 
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Figure 6: Mean Land surface temperature trend in the Banda district for the period 2001-2014 

 

5. Conclusions 

 

This study highlights the impact of population growth and urbanization on the Bundelkhand landscape 

of Central India. Temporal satellite data products were used for the estimation of urbanization and its 

impact on landscape. The population of the district has been increased manifold and agriculture and 

built-up area were increased by 8.8% and 358.7% respectively however forest cover was reduced by 

53.9%, from 1989 to 2013. The conversion of natural lands to croplands, pastures, urban areas, 

reservoirs, and other anthropogenic landscapes represents the most visible and pervasive form of 

human impact on the environment. The population has been increased four times compared to 1901 

and urbanization rate was higher (1.4 km
2
a

-1
) for the current period (2000-2013). The decrement in the 

natural resources and increment in the land surface temperature of the district could be due to 

population growth, and urbanization. Regular monitoring of natural resources of the region is a prime 

need and also a recommendation. The path for sustainability might be achieved through the 

conservation and management of resources (forest, ground water and geological). Geospatial 

techniques can be used to explore the landscape dynamics, artificial ground water recharge zone and 

impact of urbanization for the sustainability of district. A systematic analysis of local-scale land use 

studies to provide an explanation for effective planning is required. 
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