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ABSTRACT 
 

Remote sensing was used to analyze and study land use/land cover change and 
its impact on environment of Guna city, Madhya Pradesh (Central India). The 
population growth and land use activities continues to exert immense pressure on 
both its resource and environment. Accordingly, a study was scoped to ascertain the 
magnitude of land use/land cover change, and assess its impact on local 
environment over the past 12 years. Land use/land cover details have been carried 
out by visual interpretation method of remote sensing data of IRS, LISS II and LISS 
III, FCCs of band combination 2, 3 and 4. The interpreted data is supplemented as 
well as cross checked by field visits. In addition to this, Normalized Difference 
Vegetation Index (NDVI) has been generated from multi-spectral Landsat ETM+ 
data. The change detection for 1989 and 2001 showed an increase in uncultivated 
land by 25.65%, wasteland by 5.66%, water body by 1.19% and built-up land by 
3.60%. There has been a decrease in the area under cultivated land by 5.77%, dense 
forest by 1.10%, open forest by 23.33% and open scrub by 5.90%. However, rainfall 
has decline by about 186.93 mm in annual average rainfall during the past 18 years. 

Key Words : Change detection, NDVI, Environment,  
Remote Sensing and GIS. 

 
INTRODUCTION  

Land is always in a continuous blend of 
changes due to translation resulting 
combination of natural processes and 
anthropogenic activities. Human induced 
land use changes occurring at an 
unprecedented rate are one of the major 
concerns, since these can have significant 
impact on the environment, water and energy 

balance, which in turn change the dynamics 
of green house gases (GHG) emission 
directly affecting the climatic conditions. 
Large scale changes are presently witnessed 
in an around major cities of India, which are 
very dynamic and rapid particularly in urban 
fringe. Over 70 percent of the world’s 
population in developed countries lived in 
urban areas, migration to urban areas in 
developing nations is continuing at an 
increasing rate4. The main forces responsible * Author for correspondence 
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for affecting the urban fringe land 
transformation are industrial growth, 
commercial and institutional activities, 
urbanization. With the commencement of 
human civilization, there is close relationship 
between mankind and nature. The 
interdependence of mankind on environment 
is greater threat than that of any other 
creations, and the increased stress on 
environment caused by his restless pursuit 
progress, comfort and security has led to land 
use/land cover changes5. The satellite remote 
sensing data with its repetitive nature have 
proved to be a cost effective tool for 
mapping land use/land cover change6. It also 
provides synoptic coverage of area of interest 
and facilitates optimal monitoring 
capabilities. These special characters make 
remote sensing an optimal tool for this type 
of study1. Quantification of land use/land 
cover changes is possible through GIS 
techniques even if the resultant spatial 
datasets are on different scales or resolutions. 
Since the advent of Landsat 1 in the early 
1970s, many attempts have been made to 
map land use/land cover patterns. Such 
studies have helped in understanding the 
dynamics of human activities8.  

The present study used remote sensing 
data in order to analyze and assess the land 
use/land cover changes that have been taken 
place during the last 12 years (1989 to 2001) 
and its impact on environment around Guna 
town, Madhya Pradesh. It also attempted to 
ascertain the relationships between land 
use/land cover change and slope of the area. 
Slope map was correlated with land use/land 
cover maps to determine the role of slope in 
land cover changes especially vegetation. 
This study provides fundamental scientific 
knowledge and understanding of the 
magnitude and spatial distribution of land 
use/land cover changes in Gown town and its 
surrounding areas. This information can be 
useful for scientific and non-scientific 
organization involved in environmental 

resource management, policy-decision 
makers and planners. Guna city and its 
surrounding area was chosen for this study 
because of its importance both in terms of 
economic and environmental challenges 
posed, in the new era. If the present lifestyles 
have to be maintained, then there is no doubt 
that better ways of doing things have to be 
found. Thus sound scientific management 
policies and practices should be adopted 
especially in the area of land degradation. 
The natural resources in the study area have 
to be analyzed in order to determine their 
impact on environment. Guna city has very 
limited resources and therefore they can 
neither sustain nor provide unlimited 
support, as there is need for proper 
management of these fragile and limited 
resources for sustainable development.    

Study area 
Makhawan watershed lying between 770 

14’ 15” to 770 22’ 27” East longitudes and 
240 36’ 50” to 240 45’ 32” North latitudes, 
situated in the north-western part of Guna 
district of Madhya Pradesh and also 
encompasses the main head quarter Guna. 
The study area covers an area of about 
163.30 km2. The maximum and minimum 
elevation encountered in the study area is 
530 m and 438 m above mean sea level 
(MSL) respectively, whereas the slope varies 
from 00 to 120. The study area is connected 
with Agra – Bombay Highway (NH-3) and 
Western Railway’s broad gauge line of the 
Kota-Bina section, which provides all 
weather communication. It is well connected 
by road and railway with other parts of the 
state. The main Makhawan stream flows 
almost south-east to north-west, indicating 
the slope is towards north-west. A check dam 
is built on the Makhawan river in the central 
part of the watershed, which primarily serves 
as the source for irrigation of the adjoining 
agricultural fields. Apart from this structure 
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there are no other sources of irrigation and 
agriculture is mainly rain fed. There are eight 
villages besides the main Guan city in the 
study area and the main occupation of the 
villagers is agriculture activity. Soyabeen, 
Paddy and groundnut are the main Kharif 
crops whereas Wheat and Gram are the main 
Rabi crops. The area is represented by black 
and lateritic soils developed on steep, 
moderate and gentle slops. 
Geomorphologically the area is constituted 
mainly by Deccan Plateau and some 
Denudational hills. Geologically the area is 
represented mainly by Deccan traps and 
Laterites, however along the banks of 

Makhawan stream recent alluvium is also 
reported in the area9. The drainage network 
of the watershed is dendritic to sub-dendritic, 
however parallel to sub-parallel pattern has 
also developed locally. The climate of the 
study area is generally dry, except the 
southwest monsoon season and the average 
annual rainfall is about 821mm. The 
maximum temperature rises up to 45o C in 
June while minimum temperature can be as 
low as 7.9o C in January. Makhawan 
watershed represents a typical rain fed 
watershed, representing a gentle slope from 
south-east to north-west, defined by the 
course of Makhawan stream (Fig. 1). 

 
Fig. 1 : Land use/land cover map of Makhawan watershed in 2001. 
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Data used 
Geocoded False Colour Composites 

(FCCs) of IRS 1A LISS II (Path-Row: 28-
50) of 8 February, 1989 and IRS 1C LISS III 
(Path-Row: 97-54) of 27 February, 2001 of 
band combinations green (G), red (R) and 
near IR (NIR) used for deriving information 
on various land use categories of watershed. 
The data correspond to almost the same 
period/season in order to minimize seasonal 
variations. In addition to this Landsat ETM+ 
multi-spectral data were also used. The 
Survey of India (SOI) topographic sheets 
No.s 54 H/2, 54H/5 and 54H/6 (Scale 
1:50,000) of 1982-83 were used for 
preparation of base map. The major part of 
the study area is falling in 54H/6, however 
smaller adjacent parts are falling in 54H/2 
and 54H/5. Average annual rainfall data for 
the period (1986 - 2003) were procured from 
Indian Meteorological Department (IMD), 
Pune. Shuttle Radar Topography Mission 
(SRTM) data of 90 meter resolution was 
used for generating digital elevation model 
(DEM) and slope of the watershed. Besides, 
secondary information on the study area was 
collected from published and unpublished 
government sources and ground truthing 
were also taken as one of the inputs in the 
final analysis. 

METHODOLOGY 
The Survey of India (SOI) topographic 

sheets were used for preparation of base 
map. In order to analyse the existing land 
use/land cover patterns in the study area, 
standard visual image interpretation method 
based on photographic and geotechnical 
elements such as tone, texture, shape, size, 
pattern, association and field knowledge was 
followed to delineate various land use/land 
cover categories using IRS LISS II FCC of 
1989 and IRS LISS III FCC of 2001. Limited 
ground truth verification was carried out 
before the finalization of maps. Land 
use/land cover categories such as cultivated 

land, uncultivated land, dense forest, open 
forest, open scrub, wasteland, water body 
and built up land, were delineated on the 
basis of image interpretation. The land 
use/land cover details of 1989 and 2001 were 
imported to ARC-View GIS 3.2 version 
software for spatial analysis. Each land 
use/land cover category was assigned a 
unique id in the polygon coverage. The 
polygon coverage was then projected and 
transformed using sub-modules available in 
Arc GIS 9.0 version. Polygon topology was 
built after editing and cleaning, and the area 
under each category of land use/land cover 
was calculated both, in square kilometer 
(km2) as well as percentage (%) of the total 
area for 1989 and 2001. Land use/land cover 
change information can be obtained by either 
image to image comparison or map to map 
comparison3. Image to image comparison 
involves subtracting two images; however 
for the present study map to map comparison 
was followed for land use/land cover change 
analysis.  

Rainfall has been analyzed by studying 
the total average annual rainfall during 
(1986-2003) by this equation; 

Average rainfall (y) = -12.163* year + 
936.93 (R2 = 0.0438). 

In addition to this Normalized Difference 
Vegetation Index (NDVI) has also been 
generated from the Landsat ETM+ multi-
spectral satellite data, by the equation;  

(NIR - RED)NDVI =
(NIR + RED)

 

this helped in delineating land use 
categories that have higher concentration of 
green vegetation, such as; cultivated land, 
dense forest, open forest and open scrub. 

Slope map has been prepared using 
Shuttle Radar Topography Mission (SRTM) 
data of 90 meter resolution in SAGA 
software. The standard procedure was 
followed for calculating the slope in degrees. 
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Three equal classes were identified, 
comprising gentle (0 to 40), moderate (4 to 
80) and steep (8 to 120) slopes. Slope map 
was correlated with land use/land cover maps 
to ascertain the role of slope in land use/land 
cover changes especially vegetation.  

RESULTS AND DISCUSSION 
The land use/land cover maps were 

prepared using visual interpretation of the 
Indian Remote Sensing (IRS) data, which led 
to the identification and delineation of 
various land use/land cover categories such 

as cultivated land, uncultivated land, dense 
forest, open forest, open scrub, wasteland, 
water body and built up land. The 
distribution of area under different land 
use/land cover types are presented in Fig. 2 
and Fig. 3 respectively. The details of land 
use/land cover categories and the change in 
area under each category of land use for 
Makhawan watershed from 1989 to 2001 
period is given in Table 1. The IRS data with 
spatial resolutions of 36.25 m for LISS II and 
23.5 m for LISS III, enabled delineation of 
land use/land cover categories up to level-II2. 

 
Fig. 2 : Land use/land cover map of Makhawan watershed in 1989. 
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Land use change detection (1989 to 2001) 

Analyzing the study area i.e. Makhawan 
watershed, it is seen that the changes which 
have been taken place in the extent of 
different land use categories from 1989 to 
2001. A close analysis of the area statistics 
(Table 1) reveals that, the forested land are 
important land sue category in the watershed. 
As the large area of the watershed is covered 
by Deccan Plateau, it is desirable to have a 
good forest cover for healthy environment. 
Amongst the forest category in 1989, open 

forest was the dominant one, accounting for 
55.40 km2 (33.92%) of the total geographical 
area of the watershed. Since then open forest 
area was reduced in the year 2001, which is 
almost 32.07 km2 (19.64%). Whereas dense 
forest was also reduced over the years from 
18.24 km2 (11.17%) in 1989 to 17.14 km2 
(10.50%) in 2001 respectively. Unfortunately 
the forest cover has decreased from 1989 to 
2001 and the decrease might be due to the 
increase in built up land from 3.37 km2 

(2.06%) in 1989 to 6.97 km2 (4.27%) in 

 
Fig. 3 : Land use/land cover map of Makhawan watershed in 2001. 
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2001, cutting of trees for food and fiber and 
the reduction of forests is also evident from 
the increase in total population 44,7,981 in 
1991 to 50,8,253 in 2001 census, of Guna 
town and adjacent villages falling in the 
study area. Significant increase was noticed 
in the areas under uncultivated land and 
wasteland. The uncultivated land has 
increased from 17.69 km2 (10.83%) in 1989 
to 43.34 km2 (26.54%) in 2001, whereas, 
wasteland has also increased from 6.69 km2 
(4.11%) in 1989 to 12.35 km2 (7.56%) 
respectively. The enlargement in both 
uncultivated land and wasteland might be 
due to the low rainfall during the past 12 
years (1989 to 2001). The enlargement is 
also evident from the overgrazing causing 
ecological stress leading to accelerated soil 
erosion and excessive land degradation. 
There is also slight reduction in the area of 
cultivated land from 37.24 km2 (22.81%) in 
1989 to 31.47 km2 (19.27%) in 2001. The 
whole   scenario   of   land   degradation   in  

Makhawan watershed is looking very serious 
over the period of 12 years between 1989 to 
2001, eventually indicates the degradation of 
natural resources. There is reduction in the 
vegetative cover as reflected by the reduction 
in cultivated land, forested land and open 
scrub by about 36.10 km2 (22.10%) and 
enlargement of uncultivated land and 
wasteland by 31.31 km2 (19.18%), due to 
various natural and anthropogenic factors. 
However, the area occupied by water body 
has increased from 6.52 km2 (3.99%) in 1989 
to 7.71 km2 (4.72%)in 2001, which is 0.73% 
increase in water body probably due to the 
fact that rainfall in 1989 was 734.8 mm 
which had increased to 910 mm in 2001, 
resulted an increase in the catchment of 
water body. The decrease in the vegetative 
cover i.e. cultivated land, forested land and 
open scrub and increase in uncultivated land 
and wasteland represent negative 
environmental changes in the study area. 

Table 1 : Statistical analysis of land use/land cover of 1989 and 2001and their change. 

Land use/land 
cover category 

Land use/land cover 
1989 

Land use/land cover 
2001 

Land use change 
analysis 

2001 - 1989 

Area in 
(Sq.km) 

Area in 
(%) 

Area in 
(Sq.km) 

Area in 
(%) 

Difference 
in 

(Sq.km) 

Difference 
in (%) 

Cultivated land 37.24 22.81 31.47 19.27 -5.77 -3.53 
Uncultivated 
land 17.69 10.83 43.34 26.54 25.65 15.71 

Dense forest 18.24 11.17 17.14 10.5 -1.10 -0.67 
Open forest 55.40 33.92 32.07 19.64 -23.33 -14.29 
Open scrub 18.15 11.11 12.25 7.50 -5.90 -3.61 
Wasteland 6.69 4.11 12.35 7.56 5.66 3.47 
Water body 6.52 3.99 7.71 4.72 1.19 0.73 
Built up land 3.37 2.06 6.97 4.27 3.60 2.20 

Total 163.30 100.00 163.30 100.00   
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The majority of the land use categories 
in the watershed are under gentle slope (0 to 
40), whereas dense and open forest has 
moderate slope (4 to 80), however at some 
places they are also present on steep slope (8 
to 120). As for as land use/land cover change 
analysis is concerned, it is the steep slopes 
where the forests are degraded. At some 
places were built-up land is very adjacent to 
forested land, it has been converted into 
cultivated land. Wasteland has been 
increased because most of the area is under 
moderate slope (4 to 80), which does not 
permit cultivation and left as wasteland. The 
rest of the land use categories are associated 
with gentle slope (0 to 40), which is more 
than 90% of the total geographical area of 
the watershed. 

Normalized difference vegetation index 
(NDVI) 

The Normalized Difference Vegetation 
Index (NDVI) is simply a numerical 
indicator that can be used to analyse remote 
sensing measurements and assess whether 
the area of interest being observed contains 
green vegetation or not. Since Landsat 
ETM+, acquire data in the band 3 (red, or R) 
records the absorption of red wavelength by 
chlorophyll, and band 4 (near IR, or NIR) 
commemorates the reflection of IR by the 
cell structure of the leaves. These bands may 
be combined in various mathematical 
formulas to produce vegetation indexes. 
According to Richardson and Everitt (1992)7, 
calculated normalized difference vegetation 
index (NDVI) from these individual 
measurements as follows: 

(NIR - RED)NDVI =
(NIR + RED)

 

Generally the values for NDVI range 
from 1.0 to -1.0. Higher values indicate 
higher concentrations of vegetation, whereas 
lower values depict non-vegetative features. 

For the present study (Fig. 4) shows the 
range of NDVI, which ranges from 0.40 to -
0.40, indicating that higher values (0.40) 
correspond to land use categories such as 
cultivated land, dense forest, open forest and 
open scrub, because these land use categories 
have higher concentration of green 
vegetation. Whereas, lower values (-0.40), 
indicate lower concentration or absence of 
green vegetation which include uncultivated 
land, wasteland, water body and built-up 
land. 

Rainfall pattern  
The historical rainfall analysis has shown 

a great variation in average annual rainfall 
over past 18 years (Fig. 5). The following 
regression relationship was established 
between average annual rainfall and year: 

Average rainfall (y) = -12.163* year + 
936.93 (R2 = 0.0438) 

Judging by the equation R2 value of 
0.0438, is indicating the declining trend in 
average annual rainfall. Its slope of -12.163 
would translate into a total decrease of about 
186.93 mm in average annual rainfall during 
the past 18 years. There is a lot of variation 
in the rainfall trend, the maximum being 
1338.7 mm in 1990 and minimum being 83.1 
mm in 1996 (Table 2). 1996 might have 
been a drought year because the year has 
recorded lowest rainfall of 83.1mm (Fig. 5). 
The standard deviation of annual rainfall is 
about 301.58 mm with a coefficient of 
variation of 36.72%. Annual average rainfall 
is about 821.38 mm with July and August 
being the wettest months. Almost 92% of the 
annual rainfall is received during the 
monsoon months viz., June to September. 
Only 6.5% and 1.5% of the annual rainfall 
takes place during winter and summer 
seasons respectively. Hence from October to 
May only 8% of the annual rainfall takes 
place. 
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Fig. 4 : Shows concentration of green vegetation based on NDVI values. 

 

 
Fig. 5 : Regression curve of annual average rainfall during 1986 to 2003. 
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Table 2 : Shows annual average distribution of rainfall during 1986 to 2003. 

Years Rainfall (mm) (X) (X-X’) (X-X’)2 
1986 805.6 -15.78 248.94 
1987 1024.4 203.02 41218 
1988 818.3 -3.08 9.47 
1989 734.8 -86.58 7495.71 
1990 1338.7 517.32 267622 
1991 672.4 -148.98 22194.4 
1992 679 -142.38 20271.4 
1993 1043 221.62 49116.4 
1994 1286 464.62 215874 
1995 1123 301.62 90976 
1996 83.1 -738.28 545054 
1997 371.5 -449.88 202390 
1998 679 -142.38 20271.4 
1999 901 79.62 6339.7 
2000 960 138.62 19216.1 
2001 910 88.62 7853.9 
2002 478 -343.38 117908 
2003 877 55.62 3093.83 

                         ∑ = 1637153.79 
Total = 14785 

Average (X’) = 821.38 
Standard Deviation = √ (∑/N) = 301.58mm 

N is number of years 
Standard deviation 100Coefficient of variation 36.72%

Average


   

CONCLUSION 
Present study demonstrated the 

usefulness of remote sensing to assess the 
magnitude and distribution of land use/land 
cover change. The continuous change in the 
urban land use, like most major urban centers 
around the nation is the prime concern of 
urban planners and decision makers. The 
rapid increase and unplanned expansion in 
the built-up land and the encroachment by 

the people towards forested land for various 
purposes exerts immense pressure on its 
natural resources, local environment and the 
people living in the area. It is therefore, very 
much necessary to monitor and determine the 
magnitude and distribution of land use and 
its changes on periodic bases. Remote 
sensing is the best technology which 
provides periodical data with high resolution 
that can be used to detect the changes and 
also evaluate its impact. The large scale 
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increase in uncultivated land and wasteland 
might be due to decreasing trend in rainfall. 
However, the decrease in forested area may 
be attributed to the mounting population 
pressure and cattle grazing, built up land and 
anthropogenic pressures which ultimately 
give poor capacity of these resources. 
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