
The Egyptian Journal of Remote Sensing and Space Sciences 21 (2018) 401–411
Contents lists available at ScienceDirect

The Egyptian Journal of Remote Sensing and Space Sciences

journal homepage: www.sciencedirect .com
Research Paper
Monitoring spatio-temporal dynamics of urban and peri-urban
landscape using remote sensing and GIS – A case study from Central
India
https://doi.org/10.1016/j.ejrs.2017.12.006
1110-9823/� 2018 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of National Authority for Remote Sensing and
Space Sciences.
⇑ Corresponding author at: Division of Remote Sensing Applications, National

Bureau of Soil Survey & Land Use Planning, Amravati Road, Nagpur 440033, India.
E-mail addresses: obireddygp@gmail.com, GPO.Reddy@icar.gov.in (G.P. Obi

Reddy).
Rajmita Kar a, G.P. Obi Reddy b,⇑, Nirmal Kumar b, S.K. Singh b

aDepartment of Geography, University of Madras, Chennai 60000, India
b ICAR-National Bureau of Soil Survey & Land Use Planning, Amravati Road, Nagpur 440033, India

a r t i c l e i n f o a b s t r a c t
Article history:
Received 11 July 2017
Revised 6 December 2017
Accepted 31 December 2017
Available online 3 February 2018

Keywords:
Central India
GIS
Object-based image analysis
Land use/land cover
Remote sensing
Urban sprawl
In the study, an attempt has been made to map and monitor spatio-temporal dynamics of urban and peri-
urban landscape of Nagpur city, Maharashtra, India using urban plan maps (1936), topographical sheets
(1976), temporal Landsat 5 Thematic Mapper data for the years 1991 and 2010. Object Based Image
Analysis (OBIA) technique has been followed to classify the temporal remote sensing data using
eCognition software (Ver 9.8) in conjunction with topographic sheets in Geographic Information
System (GIS). The analysis shows that urban area has increased from 2272 ha in 1936 to 17344 ha in
2010, this could be attributed to natural increase in urban population and inward migration from villages
to city for better education, employment, recreation and living standards. During the urbanization pro-
cess, about 2806 ha of land has been converted predominantly from double cropped area and degraded
scrublands to housing or industrial needs. Interestingly area under water bodies slightly increased from
0.9 to 1.1 per cent of total geographical area (TGA) during the same period. The analysis of urban sprawl
shows that eastern, southern and southwestern part of Nagpur city witnessed significant growth of urban
sprawl. The generated spatio-temporal information on urban sprawl could be effectively used to monitor
the land use/land cover changes and maintain sustainable urban environment of the Nagpur city. The
study demonstrates the potential of temporal satellite data and GIS techniques in analysis of spatio-
temporal dynamics of urban and peri-urban landscape for management of land resources on sustainable
basis.
� 2018 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Urbanization is a global phenomenon and continuous growth of
built-up areas has direct impact on land use/land cover of urban
landscapes (Fan, et al., 2017). The United Nations’ World Urbaniza-
tion Prospects report highlights the highest rate of urbanization in
Asia increasing at 1.5 per cent per annum and estimated that
between 2014 and 2050, the urban areas in India are expected to
grow by 404 million people (United Nations, 2014). The rapid
growth of urban agglomerations has raised the concerns to map
and monitor the urban and peri-urban landscapes in the context
of scientific land use planning (Maji et al., 2001), environmental
and developmental agendas (Estoque and Murayama 2015;
Mertes et al., 2015; Liu et al., 2016). Further, burgeoning popula-
tion and unplanned development in cities increases competition
for land and water resources, it in tern affects peri-urban agricul-
tural areas (Van Rooijen et al., 2005). Urban sprawl is characterized
by unplanned and uneven pattern of growth, driven by multitude
of processes and inefficient of resource utilization (Bhatta, 2010).
Ermer et al. (1994) defined urban sprawl as ‘‘the process of
spilling-over of settlement areas and of excessive use of the open
landscape by an unsystematic, mostly weakly condensed extension
of settlement areas in the fringe of urban agglomeration”. In India,
about 27.8 per cent of population lives in towns and cities, urban
sprawl is taking its toll on the natural resources at an alarming
pace. India’s urban population has grown tremendously in the last
five decades from 79 million in 1961 to 350 million in 2010. The
increasing human population coupled with increasing standards
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of living (United Nations 2014; World Bank Group, 2015), has
placed tremendous pressure on India’s land resources (Reddy
et al., 2017) for food, fiber, fuel, and shelter. The major impact of
urban sprawl is felt on the productive agricultural lands (Maji
et al., 2010), surface and sub-surface water resources, changing
urban hydrology and creating new hydrological environment of
urban landscape (Alberti et al., 2000; Banzhaf et al., 2009). Moni-
toring of urban sprawl helps to identify the areas, where environ-
mental and natural resources are critically threatened (Reddy et al.,
2013) and to suggest likely future direction and pattern of sprawl-
ing growth (Simmons, 2000). Many authors studied urban sprawl
(Epstein et al., 2002; Deng et al., 2009) and more particularly in
China (Yeh and Li, 2001; Cheng and Masser, 2003) and India
(Lata et al., 2001; Sudhira et al., 2003). The dynamics of urban
sprawl need to be understood through analysis of land use/land
cover changes and their dynamics in time scale.

Across the globe, remote sensing imageries and techniques are
widely used for analysis of urban growth and urban sprawl
(Jayaprakash et al., 2015; Aithal and Ramachandra, 2016). Further,
remote sensing and GIS technologies together have immense
potential to classify the types of urban land use changes and study
their dynamics to optimize the land resources in planned urban
development, provide cost affective and time efficient services.
Temporal remote sensing data coupled with GIS and necessary col-
lateral data helps to analyze the growth, pattern and extent of
sprawl (Sudhira et al., 2004). The advances in remote sensing and
GIS technologies has provided a platform to examine the landscape
transformations throughout space and time (Estoque and
Murayama, 2015, 2016). In urban environments, landscape trans-
formations are dominated by anthropogenic activities and are
greatly influenced by the spatial expansion of built-up lands
(Bagan and Yamagata 2014; Estoque and Murayama, 2015,
2016). The extent and pattern of urban sprawl on landscapes can
be clearly detected using temporal remote sensing and GIS
(Rahman et al., 2011). Urban sprawl of Ajmer city of Rajasthan,
India was studied for 25 years (1977–2002) using Landsat TM,
MSS, ETM+, and IRS-ID LISS-III data (Jat et al., 2008). Ahmad and
Goparaju (2016) analyzed the urban sprawl of Ranchi city, India
using Landsat data from 1976, 2002 and 2015 and reported that
spatial analysis of urban sprawl is pre-requisite for monitoring of
unplanned urban growth and ensure sustainable urban develop-
ment. Zhu et al. (2008) used object-oriented change detection
method on high resolution images based on polygon automatic
validating technique. Image segments have additional spectral
information compared to single pixels, but of even greater advan-
tage than the diversification of spectral value descriptions of
objects (Blaschke and Strobl, 2001; Hay and Castilla, 2008). Many
authors reported that when compared to the pixel classification
approaches, Object-based image analysis technique (OBIA) pro-
vides the most accurate results (Yan et al., 2006; Whiteside et al.,
2011). OBIA segmentation and classification algorithms were used
for mapping land use/land cover in five cities in Saudi Arabia
(Alqurashi, et al., 2016). OBIA-based decision tree process was fol-
lowed to map thirteen land use types, further, visual modification
was employed to improve the classification (Cao, et al., 2017). In
the present study, an attempt has been made to demonstrate the
capabilities of temporal remote sensing and GIS in mapping and
monitoring the spatio-temporal dynamics of urban and peri-
urban landscape of Nagpur city, Central India using OBIA
technique.

1.1. Study area

The city of Nagpur as second capital of Maharashtra state,
famously known as the orange city situated at geographically
centre part of India. According to the census of India (2011)
Maharashtra is home to the highest number of people living in
urban areas and ranks 3rd after Tamil Nadu and Kerala states.
Urban population growth has accounted for 62.8 per cent of total
population growth in Maharashtra. The study area is located
between 21�020 to 21�160 N latitudes and 78�560 to 79�120 E longi-
tudes with total geographical area of 50,035.5 ha (Fig. 1). Nagpur is
an emerging metropolis in Central India and as per 2011 census,
Nagpur municipality had a population of 24.05 lakh and the urban
agglomeration had a total population of 25.23 lakh.
2. Materials and methods

2.1. Data used

The demographic data of Nagpur city was collected from Census
of India and as well as from Municipal Corporation of Nagpur city
for the year 1951, 1961, 1971, 1981, 1991, 2001, and 2011. Based
on the collected demographic data, the temporal trends in popula-
tion growth of Nagpur city have been analyzed. The Survey of India
(SOI) toposheets on 1:50,000 scales for the year 1976 have been
registered in GIS as reference data and used to map the extent of
urban sprawl for the year 1976. Urban development zones map
developed by Nagpur Municipal Corporation (NMC) has been reg-
istered and digitized in GIS to analyze the urban sprawl at different
sectors for the year 1991 and 2010. In order to map and monitor
the urban sprawl of Nagpur city and its environs, Landsat 5 The-
matic Mapper data (30 m) of 13th December 1991 and 28th

September 2010 were download from USGS Earth Explorer
(USGS, 2010) and analyzed to assess spatio-temporal dynamics of
land use/land cover of Nagpur city and its environs for the year
1991 and 2010. In order to validate the results, filed survey was
conducted in the study area during first week of November 2010
and handheld Global Positing System (GPS) based field data was
collected regarding location and type of land use. The Google earth
images were extensively used to label the classes and validation of
the results during the field survey. The datasets used in the study
area and their sources are shown in Table 1. The spectral bands
of Landsat 5 Thematic Mapper sensor and their description are
shown in Table 2.
2.2. Image classification and GIS analysis

Before analysis, the subset images for the study area were cre-
ated from Landsat 5 TM images for the year 1991 and 2010 for sub-
sequent classification. OBIA was carried out using eCognition
Software (ver 9.8), and various land use/land cover classes were
identified in Nagpur city and its environs. OBIA in eCognition is a
bottom up region merging technique, merging smaller objects to
form bigger ones by taking criteria of homogeneity in shape and
color into account. Mainly, the size of the object is adjusted by
the scale parameter, which determines the maximum allowable
heterogeneity of the objects and the shape depend on segmenta-
tion parameters, such as color/shape, smoothness/compactness of
input image, and the level of the segmentation. In an iterative pro-
cess, smaller objects are merged into larger ones. This continues
until the objects reach a maximum allowed heterogeneity. The
vector layer of segments generated through OBIA along with layer
statistics were exported from eCongnition to ArcGIS (ver 10.3). By
using various GIS techniques like overlay, integration, change
detection and area calculation, various land use/land cover classes
pertaining to urban and peri-urban landscape of Nagpur city have
been identified.

In the study, land use refers to man’s activities and the various
use, which are carried on a parcel of land, whereas, land cover
refers to, natural vegetation, water bodies, croplands, artificial



Fig. 1. Location of Nagpur city and its environs.

Table 1
Datasets used in the study and their sources.

S. No. Datasets used Data Source

1 Topographic maps (1976) Survey Of India
2 Demographics and census data1951 to

2011
Nagpur Municipal
Corporation

3 Urban development zones map Nagpur Municipal
Corporation

4 Landsat 5 Thematic Mapper
(Path 144/Row 45)

Earth Exploration (USGS)

5 Google Earth images (2010) Google Earth
6 Field observations Handheld GPS

Table 2
Spectral bands description of Landsat 5 Thematic Mapper sensor.

Bands Wavelength (mm) Resolution

Band 1 – Blue 0.45–0.52 30 m
Band 2 – Green 0.52–0.60 30 m
Band 3 – Red 0.63–0.69 30 m
Band 4 – Near Infrared 0.76–0.90 30 m
Band 5 – Shortwave Infrared-1 1.55–1.75 30 m
Band 6 – Thermal Infrared 10.40–12.50 120 m
Band 7 – Shortwave Infrared-2 2.08–2.35 30 m
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cover and others resulting due to land transformations have been
mapped and assessed in around the Nagpur city. The logical aggre-
gation and labeling of classes was carried out for identification and
classification of different land use and land cover classes of the
study area. At level I, broad land use/land cover classes like resi-
dential, agriculture, forest and other classes have been identified.
These classes were further sub-divided at level-II and identified
land use/land cover classes like highly dense settlements, medium
dense settlements, low dense settlements, double cropped area,
single cropped area, degraded deciduous forest, degraded scrub-
lands, permanent fallows, urban vegetation, mining area, infras-
tructure and waterbodies in the study area. The land use/land
cover classification schema used in the study is shown in Table 3.
Urban dwellings density is context-specific and depends on a range
of factors, which includes, land availability and costs, location and
transport, social context and household size, cultural acceptance
and environmental considerations. There are no clear unanimously
agreed definitions for low, medium and high density of dwellings
across the globe. In the United Kingdom, residential development
with less than 20 dwelling units/ha is considered low density
between 30 and 40 dwelling units/ha is considered medium den-
sity and higher than 60 dwelling units/ha is considered high den-
sity (TCPA, 2003). Whereas, in the United States of America, low
density refers to 25–40 dwelling units/ha medium density refers



Table 3
Land use/land cover classification schema used in the study.

Level-I Level-II

Built-up land Highly Dense Settlements
Medium Dense Settlements
Low Dense Settlements

Crop land Double cropped area
Single Cropped Area

Forest Degraded Deciduous Forest
Degraded Scrublands
Urban Vegetation

Fallows Permanent Fallows
Mining area Mining Area
Infrastructure Infrastructure (Roads, Railways, Airports)
Water bodies Water bodies (River, lakes, dams)

404 R. Kar et al. / Egypt. J. Remote Sensing Space Sci. 21 (2018) 401–411
to 40–60 dwelling units/ha and high density refers to development
with higher than approximately 110 dwellings/ha (Ellis, 2004). In
the Indian context, especially in the context of Nagpur city, we con-
sider approximately 40 or less dwelling units/ha as low density,
approximately 40–100 dwelling units/ha as medium density and
100 or more dwelling units/ha as high density settlement areas.
High density of built-up would refer to more compact nature of
the built-up area, while medium density would refer to relatively
lesser compact built-up and low density referred to loosely or spar-
sely spread built-up areas. In order to monitor the urban and peri-
urban landscape of Nagpur city, the land use/land cover dynamics
derived from Landsat TM datasets of 1991 and 2010 were ana-
lyzed. Area analysis for different classes has been carried out in
GIS to analyze the spatio-temporal dynamics of land use/land
cover classes of the study area for the year 1991 and 2010.

GPS based field survey was conducted in the study area and col-
lected filed data for about 119 sampling locations (Fig. 2) covering
all land use/land cover classes indentified in the classification
schema. Samples were collected based on large homogeneous
areas selected as sampling locations. Several parameters, such as
single crop, double crop, urban extent including dense, medium
and low settlements and open land, and other land cover including
permanent fallow, and degraded scrublands were determined in
Fig. 2. Location of field survey points
the field. Kappa coefficient (k), a discrete multivariate technique
(Cohen, 1960) was used to assess the accuracy of the results
obtained through analysis of Landsat 5 TM data of 2010.

Cohen’skappak ¼ p0 � pe

1� pe

where: Po = observed agreement and Pe = chance agreement. The
Kappa statistic varies from 0 to 1, where 0 = agreement equivalent
to chance 0.1–0.20 = slight agreement, 0.21–0.40 = fair agreement,
0.41–0.60 = moderate agreement, 0.61–0.80 = substantial agree-
ment, 0.81–0.99 = near perfect agreement and 1 = perfect
agreement.

The detailed methodology followed in the study is shown in
Fig. 3.
3. Results and discussion

Spatio-temporal dynamics of urban landscape of Nagpur city
and its environs for the year 1936, 1976, 1991 and 2010 were
assessed using City Municipal Corporation and Topographical
maps, temporal remote sensing and GIS. The analyses provide use-
ful information to clearly understand spatio-temporal dynamics of
urban growth of Nagpur city and assess the impact of urban sprawl
on land use around the Nagpur city.
3.1. Status of urban sprawl in 1936

As per the availability of extent of urban development maps
from City Municipal Corporation, it was estimated that the urban
area of Nagpur city in the year 1936 was about 2272 ha. The urban
sprawl boundary of 1936 was overlaid on the SOI Toposheet of
1976 in GIS to assess the extent of urban sprawl (Fig. 4a). The anal-
ysis shows that the urban area was mainly confined to the heart of
the city. The development of linear growth has been noticed in the
southern part of Nagpur city along the Wardha road and west side
along with the Amravati road.
in Nagpur city and its environs.



Fig. 3. The methodology followed in the study.

Fig. 4. (a–d) Spatio-temporal dynamics of urban sprawl of Nagpur city and its environs during 1936, 1976, 1991 and 2010.
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3.2. Status of urban sprawl in 1976

The topographic sheets for the year 1976 have been used to
map and analyzed urban sprawl (Fig. 4b). The analysis of urban
sprawl over a period of 40 years from 1936 to 1976 shows that
the urban areas have been increased considerably from 2272 ha
to 7855 ha. The analysis indicates that the urban area was
increased by nearly 71.0 per cent in almost all the directions, but
more particularly along the highways leading to Wardha, Bhandara
and Amravati. The availability of transport facilities, favorable ter-
rain conditions and industrial development might be some of the
reasons for this urban sprawl. It was observed that in comparison
to the west, the urban growth of Nagpur city was more in southern
and eastern parts of the city. In the process of urban sprawl, the
peri-urban agricultural lands have been converted into urban
settlements.

3.3. Status of urban sprawl in 1991

The analysis of Landsat 5 TM data (30 m) for the year 1991
clearly indicates that the development of urban sprawl at the cost
of permanent fallows and peri-urban agriculture areas. The extent
of urban sprawl in the year 1991 shows that it was extended in
almost all the directions more particularly in southern and eastern
parts of the city (Table 4 and Fig. 4c). Medium dense settlements
have been mainly observed in southern and northern parts of the
city. Permanent follows occupy predominantly in western, north-
ern and southern parts of the study area with an area of 28.5 per
cent of TGA. Analysis of peri-urban agriculture component of urban
landscape of Nagpur city shows that single and double cropped
areas are predominantly noticed in eastern, northern and southern
parts with an area of 15.5 and 16.1 per cent of TGA. The analysis of
Landsat 5 TM data of 1991 also shows that the development of
industrial corridor in the western part of the city. Settlements
development could be observed in the southwest part of Nagpur
city leading to Hingna town, which has become an educational
hub with various new Engineering and Medical institutions come
up in this period.

3.4. Status of urban sprawl in 2010

The land use/land cover and spatial patterns of urban sprawl
derived from the analysis of Landsat 5 TM data of 30 m resolution
for the year 2010 are shown in Table 4 and Fig. 4d. Permanent fol-
lows mainly noticed in western and southern parts with an area of
22.5 per cent and single cropped area occupy mainly in eastern and
northern parts with an occupy 21.8 per cent of TGA. The analysis
Table 4
Land use/land cover classes of Nagpur and its environs for the year 1991 and 2010.

S. No. Land use/land cover class 1991

Area
(in ha)

1 High dense settlements 1771.8
2 Medium dense settlements 1712.3
3 Low dense settlements 3261.1
4 Double cropped area 8048.5
5 Single cropped area 7750
6 Permanent fallows 14241.4
7 Degraded deciduous forest 3744.3
8 Degraded scrublands 8198
9 Urban vegetation 321.2
10 Mining area 144
11 Infrastructure 393.9
12 Water bodies 449

Total 50035.5
clearly indicates that the development of urban sprawl took place
at the cost of peri-urban permanent fallows, degraded scrublands
and double cropped areas. The low dense settlements have been
developed along the Hingna road and industrial corridor along
the ring road in the western part of the Nagpur city. The area anal-
ysis has been carried out for each class to assess their spatial extent
of land use/land cover classes in the study area.
3.5. Urban sprawl of Nagpur city between 1991 and 2010

The spatio-temporal dynamics of urban sprawl of Nagpur city
derived from temporal satellite data for the period 1991 and
2010 shows that high dense settlement area is highly compact
and mainly confined to the eastern part of Nagpur city. It predom-
inantly consists of commercial and domestic areas, which occupies
about 3.5 per cent in 1991 and increased to 10.1 per cent in the
year 2010 (Table 4 and Fig. 5a and b). These developments were
mainly observed in western, southern and northern parts of the
city (Plate 1a) at the cost of permanent fallows and medium dense
settlements (Table 5). Analysis of medium dense settlement areas
shows that significant area has been increased from 3.4 to 13.1 per
cent of TGA during the same period. It was noticed in almost all
directions of Nagpur city at the cost of permanent fallows and
low dense settlements (Table 5). It was observed that many areas
of low dense settlements of 1991 have been converted into med-
ium dense settlements in the processes of urban sprawl. Analysis
shows that low dense settlements spread around the Nagpur city
(Plate 1b) in all the directions and predominantly consists of com-
mercial and industrial areas, which are coming up mainly in peri-
urban double and single cropped areas and permanent fallows
(Table 5). Development of new colonies and establishment of
new industrial areas in peri-urban region increases the low dense
settlement areas around the Nagpur city. When compared to
1991, the low dense settlement area has been increased from 6.5
to 6.6 per cent of the area.

Analysis shows that double cropped area in the peri-urban
region is mainly noticed in eastern parts and to some extent north-
ern and southern parts of Nagpur city area. The double cropped
area has been reduced significantly from 16.1 to 4.5 per cent of
TGA (Table 5 and Fig. 5a and b) due to development of industrial,
commercial and residential areas (Table 5). Single cropped area
in the peri-urban region mainly grows vegetables and some extent
food grains to meet the demands of city population. These areas
have been noticed mainly in eastern, northern and southern parts
of city area. Interestingly, area under single cropped area has been
increased from 15.5 to 21.8 per cent of TGA. Conversion of double
2010

% Area Area
(in ha)

% Area % Area change

3.5 5036.3 10.1 6.6
3.4 6532.4 13.1 9.7
6.5 3289.4 6.6 0.1
16.1 2227.2 4.5 �11.6
15.5 10923.5 21.8 6.3
28.5 11243.3 22.5 �6
7.5 5244.8 10.5 3
16.4 2754.6 5.5 �10.9
0.6 583.5 1.2 0.6
0.3 929.7 1.9 1.6
0.8 742.2 1.5 0.7
0.9 530.6 1.1 0.2
100 50035.5 100



Fig. 5. (a and b) Spatio-temporal dynamics of land use/land cover dynamics of Nagpur city and its environs during 1991 and 2010.
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cropped area and permanent fallows into single cropped area in
the peri-urban region could be one of the reasons.

Analysis shows that the permanent fallows are mainly noticed
in western parts of the city and occupy 28.5 per cent in the year
1991, whereas, it has been considerably decreased to 22.5 per cent
in the year 2010 (Table 4 and Fig. 5a and b). The area under
degraded scrubland areas has been considerably decreased from
16.4 per cent in 1991 to 5.5 per cent in the year 2010 and presently
confined to southern and northern parts of the city. The area under
urban vegetation occupies 0.6 per cent in 1991 and in absolute
terms it has been increased to 1.2 per cent in the year 2010 mainly
in western and southern part of the city. The increased area under
open cost mining from 0.3 per cent in the year 1991 to 1.9 per cent
in the year 2010 could be noticed in northern part of Nagpur city.
The area under water bodies occupies 0.9 per cent in 1991 and it
has been slightly increased to 1.1 per cent in the year 2010 and
in absolute terms gained the area from single cropped area and
permanent fallows. It is observed that in the year 2010, the eastern
and southern sides of the city have recorded more urban growth as
compared to the urban growth noticed in the year 1991. The city
has witnessed urban growth and development in north-east,
north-west, west and south from the core of the city. The two
major National Highways of India ie., NH-7 (North to south) and
NH-6 (West to east) passes through the Nagpur city, which serve
as major transportation corridors in development of urban sprawl
(Plate 1c). The mega establishments like Multimodal International
Hub Airport at Nagpur (MIHAN) and International Airport already
stimulated the growth of urban development and provide other
urban amenities to meet the needs of the working population in
and around these establishments. In the context of upcoming
metro rail project, many industrial, educational and residential
colonies coming up, future growth of urban landscape of Nagpur
city is likely to be rapid in north-southern and east-west corridors
at the cost of peri-urban agriculture and degraded scrublands.

3.6. Assessment of urban sprawl across the urban development sectors

The analysis of land use/land cover at sector level for the year
1991 shows that majority of highly dense settlements are in cen-
tral sector, whereas in the year 2010 area under these settlements
has been increased considerably in, north, south, south-west and
eastern sectors (Table 6). Majority of the double and single cropped



Plate 1. (a) High density settlements in central part of the city, (b) Low density settlements in central part of the city and (c) Road network development in southern part of
Nagpur city.
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Table 5
Spatio-temporal dynamics of land use/land cover classes of 1991 and 2010 of Nagpur city and its environs.

Land use/
Land cover class

Land use/Land cover classes of 2010

High
dense
settlement

Medium
dense
settlement

Low
dense
settlement

Double
cropped
area

Single
cropped
area

Perma-
nent
fallow

Degraded
deciduous
forest

Degraded
Scrublands

Urban
Vege-
tation

Mining
area

Infra-
structure

Water
bodies

Total Loss

Land use/
Land cover classes
of 1991

High dense settlement 1406 143.3 31 4.9 48.5 99 7.4 7.9 5.6 17.6 35.6 15.2 1771.8 �365.9
Medium dense settlement 1111.5 263.5 122.6 81.1 53.9 76.2 6.5 25.2 39.3 0 5.9 7.3 1712.3 �14448.8
Low dense settlement 85.6 1153.9 80.95 63.1 193.3 379.3 252.5 89.8 140.9 0 13.1 20.6 3261.1 �3180.2
Double cropped area 94.8 342.1 363.6 388.4 3030 2201.9 1017.5 400.2 69.2 48.4 60.3 31.8 8048.5 �7659.8
Single cropped area 83.5 422.4 522.85 415.1 2418 2338.2 542.3 727 71.2 104.2 78.7 26.6 7750.0 �5332
Permanent fallow 1102.9 3259.4 1264.1 683.6 2409.9 3198.1 702.2 811.4 129.1 426.1 208.4 46.4 14241.4 �11043.4
Degraded deciduous Forest 17.5 665 95.2 223.11 653 435.5 2225.6 75.7 1.9 60.1 5.4 44.8 3744.3 �1518.7
Degraded scrublands 186.5 772.7 760.1 589.5 2014 2449.1 460.1 578.1 79.9 145.9 145.2 17.6 8198 �7620.7
Urban vegetation 120.7 42.6 19.7 0.5 25.7 24.8 4.3 31 46.2 0 6.8 0.0 321.2 �275.5
Mining area 0.4 0 2 0.0 19 20.5 9.8 0.4 0 83.7 0 8.3 144.0 �60.3
Infrastructure 39.8 52.9 22.2 0.0 29.8 50.8 7.5 6 0.3 0 182.9 1 393.9 �211.1
Water bodies 17.3 13.7 5.2 0.0 28.4 20.4 9.4 1 0 42.8 0 311 449.0 �138.1
Total 5036.3 6532.4 3289.4 2227.2 10923.5 11243.3 5244.8 2753.6 583.5 928.7 742.2 530.6 50035.5 -
Gain 3636 6269 3209 1813 8505 8045 3019 2176 537 845 559 220 - -

Note: The values in bold in the diagonal indicate no change in area of the land use/land cover classes in the year 2010 with respect to year 1991. The values in bold shown under gain and loss columns indicate net gain or net loss of
land use/land cover classes in the year 2010 with respect to year 1991.

Table 6
Land use/land cover changes within urban development sectors for year 1991 and 2010.

Cluster East South West West North West North Central South

1991 2010 1991 2010 1991 2010 1991 2010 1991 2010 1991 2010 1991 2010

Highly dense settlement 415 914 16 611 56 396 41 166 166 1082 714 691 242 1038
Medium dense settlement 210 964 178 374 141 532 45 1126 410 1223 3 44 640 975
Low dense settlement 187 478 212 114 612 180 730 170 661 49 48 0 426 398
Double cropped area 1466 208 137 70 251 39 382 48 255 90 3 0 48 83
Single cropped area 1408 1164 207 551 241 477 244 630 373 352 0 23 87 107
Permanent fallows 1048 1198 1439 765 792 504 1524 637 1413 700 12 23 1159 210
Degraded deciduous forest 14 341 73 102 694 702 348 775 265 45 0 6 27 36
Degraded scrublands 966 353 461 146 256 111 534 140 506 471 2 5 379 113
Urban vegetation 38 45 87 94 115 202 58 156 24 35 0 0 0 49
Mining area 0 0 0 0 0 0 0 0 5 5 0 0 0 0
Infrastructure 23 102 195 163 29 27 0 34 0 12 6 6 84 77
Water bodies 0 8 7 20 119 137 110 132 1 10 26 15 0 5
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Table 7
Error matrix and accuracy assessment of land use/land cover classification using Landsat TM data of 2010.

LULC Class 1 2 3 4 5 6 7 8 9 10 11 12 Total User Accuracy

1 10 0 0 0 0 0 0 0 0 0 0 0 10 100.0
2 0 8 3 0 0 0 0 0 0 0 1 0 12 66.7
3 0 0 7 0 0 0 0 0 0 0 0 0 7 100.0
4 0 0 0 8 0 0 0 0 0 0 0 0 8 100.0
5 0 1 0 0 10 0 1 0 1 0 1 0 14 71.4
6 0 0 0 0 0 10 1 1 0 0 0 0 12 83.3
7 0 0 0 1 0 0 8 0 0 0 0 0 9 88.9
8 0 0 0 1 0 0 0 9 0 0 0 0 10 90.0
9 0 0 0 0 0 0 0 0 9 2 1 0 12 75.0
10 0 0 0 0 0 0 0 0 0 6 0 0 6 100.0
11 0 0 0 0 0 0 0 0 0 0 6 0 6 100.0
12 0 0 0 0 0 0 0 0 0 2 1 10 13 76.9
Total 10 9 10 10 10 10 10 10 10 10 10 10 119
Producer Accuracy 100 88.9 70 80 100 100 80 90 90 60 60 100 Total Accuracy

84.9

Observed agreement: 101; chance agreement: 9.9; Kappa: 0.835.
1. Highly Dense Settlements, 2 Medium Dense Settlements, 3. Low Dense Settlements, 4. Double cropped area, 5. Single Cropped Area, 6. Degraded Deciduous Forest,7.
Degraded Scrublands, 8. Permanent Fallows, 9 Urban Vegetation, 10. Mining Area, 11. Infrastructure, 12. Waterbodies.
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areas are noticed in eastern sector with an area of 1466 and 1408
ha, respectively. Majority of permanent fallows are observed in
north-west, south-west and northern sectors. The analysis of land
use/land cover at sector level for the year 2010 shows that majority
of highly dense settlements are in central sector. Majority of the
single cropped areas are located in eastern sector with an area of
1164 ha. Majority of permanent fallows are located in northwest,
south west and northern sector. Degraded scrublands are mainly
noticed in eastern sector. The analysis shows that majority of med-
ium dense settlements are converted into high dense settlements.

3.7. Accuracy assessment and validation

Accuracy assessment and validation was performed by generat-
ing error matrix for whether a known land use/land cover classes
of 2010 was correctly classified or not. This process was carried
out using 119 field survey points collected during field survey,
which referred to one of twelve classes, as summarized in Table 7.
Kappa coefficient (Khat) value of 0.83 indicates that an observed
classification is in near perfect agreement to the order of 83 per
cent. The overall accuracies were 84.9 per cent. User’s accuracy
of individual classes was consistently high and it ranges from
66.7 per cent to 100 per cent. Whereas, the producer’s accuracy
of individual classes ranging from 60.0 to 100 per cent. Analysis
shows that the classes like highly dense settlements, single
cropped area, degraded deciduous forest and waterbodies were
clearly mapped due to their distinct pattern and compactness.
Whereas, the classes like low dense settlements, mining area and
infrastructure have shown slight ambiguity in classification. The
factors contributing to the misclassification includes similar spec-
tral information, the spatial resolution of the satellite imagery,
class areas smaller than the spatial resolution of the Landsat 5
TM data etc. However, these classes could be mapped in detail
using finer spatial resolution data, which is beyond the scope of
the work presented here and it could be explored through future
work in this area.

4. Conclusions

The analysis of spatio-temporal pattern of urban sprawl of Nag-
pur city shows that in the year 1936 the urban area of Nagpur city
was about 2272 ha only, however, it has been increased to 7855 ha
in the year 1976, 8129 ha in the year 1991 and 17344 ha in the
year 2010. The analysis indicates that the urban area was increased
in almost all the directions, more particularly along the highways
of Wardha, Bhandara and Amravati. The availability of transport
facilities, favorable terrain conditions and industrial development
might be some of the reasons for this urban sprawl. The area under
high dense settlements in the year 1991 is mainly confined to the
eastern part of Nagpur city, however, in the year 2010, these areas
have been developed in western and northern part of the city.
Analysis of medium dense settlement areas of Nagpur city in the
year 2010 shows that these areas are mainly confined to surround-
ing areas of high dense settlement areas of Nagpur city. It was
observed that many areas of low dense settlements of 1991 have
been converted into medium dense settlements in the processes
of urban development. Low dense settlement areas come up
mainly in peri-urban wastelands and agricultural areas. During
the transition process considerable area of peri-urban agricultural
area has been converted as either housing or industrial establish-
ments. In accuracy assessment, Kappa coefficient (k) value of
0.83 indicates that an observed land use/land cover classification
of 2010 is in near perfect agreement to the order of 83 per cent.
The study demonstrates the potential of medium coarse resolution
satellite data like Landsat 5 TM in monitoring the urban and peri-
urban landscapes. The generated useful information in the study
on various land use/land cover categories of urban and peri-
urban landscape of Nagpur city could be effectively used for imple-
mentation of various urban planning activities for sustainable
urban development. However, in future investigations, the high
resolution temporal data, incorporation of zoning policies and
development plans of the study would help to further improve
the accuracy of the results, urban utilities planning, assess environ-
mental impacts from the changes occurred through urban sprawl
and preserve socio-environmentally important areas.
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