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Abstract--- In this study, an attempt have been made to 

analyses the changes of forest cover of Kuno Wildlife 

Sanctuary using temporal satellites images of Landsat TM 

of 05
th

 May 1990 and IRS LISS III P6 of 02
nd

 March 2008. 

Normalized Difference Vegetation Index (NDVI) and digital 

image classification were used to generate the 

landuse/landcover of the sanctuary along with extensive 

ground truthing in 2008. SOI toposheets and other related 

information was used as an aid in feature extraction for the 

period of 1990. The NDVI values were derived and 

interpreted using ground filed surveys. Image differencing 

method was used to analyze the change detection of the 

landcover classes. The landuse/landcover were classify into 

9 classes as Mixed Forest, Shallow water, Grassland, 

Village/ Forest camp area, Barren land, Dense forest, River , 

Open scrub and  forest fire. The derived NDVI values varies 

from -0.27 to +0.62 in 1990 and -0.433 to +0.096 in 2008 

respectively. The varied NDVI values indicates that 

vegetation cover was evenly distributed and reflected  in the 

period 1990 while in 2008 there were highest reflectance of 

bare soil. However, it was observed that from May 1990 to 

March 2008, dense forest and mixed forest area increased up 

to about 28.83% and 7.94% in the abandon village areas and 

barren land. Grassland has also shown some improvement 

(3.16%) over the periods.  The overall change detection is 

that the village areas and barren land before rehabilitation of 

the villagers were converted to high density grassland and 

mixed forest after rehabilitation which indicates a positive 

sign of management of the sanctuary.  

I. INTRODUCTION 

Satellite Remote Sensor technology provides a cost-

effective high quality source of data to characterize 

changing land-cover conditions and to monitor changes at 

multiple scales to support a wide-range of assessment 

applications.  

Vegetation indices allow to quantitatively estimate 

the distribution and the amount of the vegetation cover and 

can be used or discriminating among vegetated areas, bare 

soils, anthropic and urban areas. Vegetation indexes are 

algorithms aimed at simplifying data from multiple 

reflectance bands to a single value correlating to physical 

vegetation parameters such as biomass, productivity, leaf 

area index, or percent vegetation ground cover. The 

Normalized Difference Vegetation Index (NDVI) is the 

most widely used vegetation index, and has already been 

mentioned in numerous studies related to monitoring the 

natural and cultivated vegetation (Silleos et al. 2006).The 

NDVI is preferred to the simple index for global vegetation 

monitoring because NDVI helps to compensate for changing 

illuminations, condition, surface slope, aspect, and other 

extraneous factors. The NDVI is calculated by the amounts 

of reflectance in near infrared (NIR) and red (RED) portions 

of the electromagnetic spectrum and is an efficient indicator 

of photosynthesis for vegetation dynamics. It is calculated as 

NDVI = NIR- RED/ NIR+RED where the value in either 

band have been converted from raw DN values to radiance 

of electromagnetic radiation. Its value ranges from -1 to +1. 

The NDVI has been applied to biophysical variable  

research, such as leaf area, canopy coverage, land cover 

characteristics, chlorophyll density as well as vegetation 

ecosystem dynamic (Fensholt et al. 2004, La et al.  2007). A 

high value of NDVI corresponds to high leaf biomass, 

canopy closure, or leaf area. NDVI allowed a good 

discrimination of the different surface covers with results 

very similar to ground truth surveys and can be consider a 

reliable environmental index, useful to evaluate 

environmental impact due to landuse changes. In addition to 

the standardized techniques for pre-processing and 

differencing images, the most important step for vegetation 

change detection analysis is discrimination between real 

changes and seasonal or inter-annual variability, represented 

by a threshold between these factors, which is generally 

determined by applying the standard deviation (SD) from 

the NDVI differencing image. The objective of this paper is 

to monitor and analyze the temporal changes over the 

landscape before and after relocation and re-habilitation of 

24 villages from the Kuno Palpur Sanctuary in Madhya 

Pradesh using NDVI indexes and supervised classification  

II. STUDY AREA 

Kuno Wildlife Sanctuary having an area of about 344.686 

sq. km is located between latitudes of 25°30’N to 25°53’ N 

and longitudes of 77°07’ E to 77°28’ E in Sheopur district in 

Madhya Pradesh, India. The forest in Kuno Wildlife 

Sanctuary falls under the Northern Tropical Dry Deciduous 

Forest with Madhya Pradesh quality IV-A and IV-B in 

accordance to the revised classification of forest types 

(Champion & Seth 1968).  

The forest is dominated by Khair (Acacia catechu), 

Kardhai (Anogeissus pendula), Dhow (Anogeissus latifolia), 

Salai (Boswellia serrata) and Gunja (Lannea coromandelica) 

(Khudsar 2008). These species are found in various 

combinations depending on the slope and other governing 

factors (Choudhary 2001). The study area has a rich forest 

cover which supports varieties of wildlife species. A good 

percentage of mixed riverine and scrub forests make the 

sanctuary an ideal home for wild animals (Khudsar 2008). 

Owning to its vast diversity and its spatial extent the 

sanctuary was selected as the site for re-introduction of 
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Asiatic lions from Gir National Park, Gujarat, India. Many 

management and protective steps for the preparation of 

 
Fig.1: Map showing study area, Kuno Wildlife Sanctuary 

habitats for re-introduction of lions have been undertaken by 

the Government agencies as well as NGOs. A total of 24 

villages inhabiting inside the sanctuary were relocated and 

rehabilated outside the sanctuary around 2001-2003. The 

ecological aspects of the sanctuary were initiated after 

relocation of all the villages such as weed removal, 

waterhole creation and systematic prey base estimation. 

Many wildlife biologists, environmentalists and Forest 

Departments manually keep a progress record of the 

ecological changes in the sanctuary. It is also very essential 

to maintain up-to-date information regarding the landcover 

for easy analysis of the changes in the forest cover whenever 

required. 

III. METHODOLOGY 

The present study was carried out using satellite images of 

Landsat TM of 05
th

 May 1990 and IRS LISS III P6 of 02
nd

 

March 2008. Landsat TM was downloaded from Global 

Land Facility Cover website and LISS III P6 was purchased 

from NRSC, Hyderabad, India. The images were 

georeferenced to SOI toposheets of the study area using 

image to image methods and projected to UTM WGS84 

Zone 43. The image of 1990 was geo-referenced to 2008 

keeping the root mean square error of about 0.5 pixels. 

Image processing and NDVI were computed for each image 

using ERDAS Imagine versions 8.7v. The method of change 

detection used in this study, incorporates multiple NDVIs 

for detecting and quantifying major decreases or increases in 

green biomass associated with forest cover regeneration 

(Hayes & Sader  2001). 

 
Fig. 2:  NDVI Flowchart 

The NDVI computed were histogram matched with 

each other and their mean and standard deviation were 

computed. Extensive field study was done to obtain ground 

truth of the vegetation of the sanctuary. GPS was used to 

collect ground truth data of the sanctuary. Supervised 

classification was applied to the images using ground truth 

information and also from the NDVI obtained. The training 

signature was set to 12 classes and according to the spectral 

DN values the classes were recoded to 9 classes of landuse 

landcover. Accuracy assessment was performed using 

ground truth data of the periods of acquisition of the image. 

Change detection was analyzed using image differencing 

algorithms as this was the standard and most verified 

techniques for vegetation analysis.  The area statistics for 

each of the landuse/ landcover classes was derived 

separately from the classification of the images for each year 

of the data used. Then, the area derived by each landuse/ 

landcover for the various periods were compared and the 

changes were determined. 

IV. RESULTS 

The average rainfall in the sanctuary varies from 650mm to 

990mm during the monsoon periods (July – September). 

The meteorological data shows high average rainfall up to 

about 950 mm in 1999 but from the period 2000 to 2007, it 

indicates almost constant and low in rainfall being 2006 and 

2007 the lowest. However, it was also observed that the 

average rainfall increased in 2008 to about 990mm and then 

remains almost constant to about 920mm- 930 mm in 2009 

and 2010.  

 
Fig. 3: Average annual rainfall data from 1998 to 2010 

during monsoon seasons (July-September) 

NDVI was good in studying the vegetation 

phenology of the sanctuary over the period of 18years from 

1990 to 2008 (Figure 4). The derived NDVI values varies 

from -0.27 to +0.62 in 1990 and -0.433 to +0.096 in 2008 

respectively. As per NDVI theory and ground field survey, it 

is interpreted here that the values from -0.25 to +0.02 is bare 

soil. This indicates that vegetation canopy was eventually 

distributed throughout the sanctuary in 1990 while it was 

restricted to particular region in 2008. The high greenness in 

the sanctuary in May 1990 is due to the spectral reflectance 

of all the vegetation cover including grasses and agricultural 

field. By March 2008, almost all the abandon agricultural 

field has been converted to grassland/dry land due to which 

only the spectral reflectance of the tree covers has been 

observed. It may be noted that post-monsoon 2007 and pre-

monsoon 2008 being the drought seasons, the vegetation 

canopy were suppressed in 2008 and hence NDVI calculated 

only the densely cover canopy.  
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FIG. 4: ndvi OF 05

TH
 mAY 1990 AND 07

TH
 mARCH 2008 

(A & B). 

 Landuse and Landcover A.

The changes in spectral radiance values during different 

temporal periods result in different variations in landuse and 

landcover classification. However, the landuse and 

landcover of the sanctuary can be broadly classified into 8 

classes as Mixed Forest, Dense forest, Grassland, Open 

scrub, Village/ Forest camp area, Barren land, River and 

Shallow water. The description of the landcover types were 

depicted in Table 1.  

Tab. 1- The landuse/ landcover classification defined for 

each class is as follows 

S.N Landuse/ 

landcover 

types 

Description 

1 Mixed 

Forest 

Combination of tree species 

like Kardai, Khair, Palash, 

Tendu, Salai and short grasses. 

2 Dense 

Forest 

Dense canopy with coarse 

texture comprising of tree 

species like Salai, Kardai, 

Dhawa, Khair, Harron, Dudhi, 

etc. 

3 Grassland Short and High density grasses 

areas. Abandoned agricultural 

land area also comes under this 

class. 

4 Open 

scrub 

Comprises very short grasses, 

sparse shrubs and trees. 

5 Barren 

land 

Includes area of stones, dry 

land and rocky cliffs. 

6 Village/ 

Forest 

Camp 

Area initially occupy by the 

Tribal’s inhabitants for 

settlements and cultivation of 

crops which are now converted 

into forest camps and 

grasslands. 

7 River Kuno River and its drainage 

system which have deep blue 

reflectance. 

8 Shallow 

Water 

Seasonal and perennial water 

bodies which give spectral 

reflectance of cyan tone. 

 

Fig. 5: Landuse/ Landcover in 05
th

 May 1990. 

 
Fig. 6: Landuse/Landcover in 02

nd
 March 2008. 

a 

b 
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Landuse and Landcover of Kuno Wildlife 

Sanctuary before re-habilitation of villages in 1990 (Figure 

5) was defined from the spectral statistics of the image data 

along with secondary information such as toposheets map 

and old literature and limited ground survey. The area 

statistics in 1990 of dense forest, comprises of about 46.4% 

of the sanctuary followed by open scrub (25.9%) and mixed 

forest (12.70%). Village’s inhabitants occupy about 9.36% 

respectively. Grassland, barren land and water bodies 

occupy about 2.9%, 1.05% and 1.61% respectively. 

Similarly, in 2008 the area occupied by dense forest was 

about 49.46% and mixed forest about 35.78%. Forest camp 

and barren land occupy an area of about 1.08% and 0.12% 

respectively. Grassland occupies an area of about 6.64% 

followed by open scrub (3.49%). The imagery of 2008 also 

indicates the forest burnt area to be approximately about 

2.57%. Control forest burning in the sanctuary was observed 

during the start of the summer season. The canopy cover of 

dense forest and mixed forest were equally distributed. 

Grassland was observed to be increased in area extent.  

Tab.2. Landuse/Landcover classification for the time period 

of 1990& 2008 in terms of area hectares.  

Class 

No. 

Landuse/ 

Landcove

r 

05
ft
 May 1990 02

nd
 March 2008 

Area in 

ha 

Area 

% 

Area in 

ha 

Area 

% 

1 Mixed 

Forest 

4561.18 12.7 12845.4

4 

35.7

8 

2 Shallow 

Water 

363.31 1.01 0.00 0.00 

3 Grassland 1035.8 2.88 2383.50 6.64 

4 Village/ 

Forest 

camp 

3364.09 9.36 388.13 1.08 

5 Barren 

land 

376.55 1.05 43.69 0.12 

6 Dense 

Forest 

16670.1

3 

46.4

0 

17759.3

8 

49.4

6 

7 River 218.6 0.61 309.81 0.86 

8 Open 

Scrub 

9336.8 25.9

9 

1253.00 3.49 

9 Forest 

Burnt 
0 0 921.88 2.57 

 Accuracy Assessment B.

The overall accuracy of the forest type in 2008 is estimated 

as 93.8% and the Kappa statistics as 0.8932 indicating the 

accuracy of the assessment. The confusion was created 

between the mixed forest type and the dense forest type 

during classification. However, the overall Kappa statistics 

was unable to obtain for 1990 as no ground truth was 

available.  

 Change Detection Analysis C.

The changes of landcover after rehabilitation of villages 

were presented in Table 3 and Figure 7. Within the periods 

from May 1990 to March 2008, dense forest and mixed 

forest increases up to about 28.83% and 7.94% under the 

expense of abandon village area and barren land. Grassland 

has also shown some improvement (3.16%) over the 

periods. The overall change detection is that the village area 

and barren land before rehabilitation of the villagers were 

converted to high density grassland and mixed forest.  

Tab.3. Comparison of change detection before and after 

rehabilitation of villages 

Class 

No. 

Landuse/ 

Landcover 

Before After Change 

Detection 

1990 

Area 

(%) 

2008 

Area 

(%) 

2008-

1990 

Area (%) 

1 Mixed  

Forest 

27.84 35.78 7.94 

2 Shallow 

Water 

1.20 0 -1.20 

3 Grassland 3.48 6.64 3.16 

4 Village/ 

Forest camp 

16.05 1.08 -14.97 

5 Barren land 19.13 0.12 -19.01 

6 Dense Forest 20.63 49.46 28.83 

7 River 1.52 0.86 -0.66 

8 Open Scrub 10.16 3.49 -6.67 

9 Forest Burnt 0.00 2.57 2.57 

 
Fig. 7: Changes in areal extent of different types of 

landcover of 1990 and 2008. 

 Discussion D.

Land use/land cover changes reflect the dynamics observed 

in the socio-economic condition of a given area. The 

landuse/ landcover of Kuno Wildlife Sanctuary were 

classified before and after relocation and rehabilitation of 

villages from the sanctuary. The landuse landcover of the 

sanctuary before relocation of the total 24 villages in the 

year 2000 was monitored through Remote Sensing satellite 

data of the periods May 1990 with reference to the existing 

data and literatures. Extensive ground truthing was done in 

case of 2008 imagery. These multispectral satellite data are 

subjected to digital image classification using supervised 

approaches depending upon landcover class response in 

spectral sensing. The overall signature sets generated were 

purified iteratively based on the contingency matrix 

depicting commission and omission as well as using feature 

space based spectral ellipses of respective classes. The 

classified image were then subjected to image smoothing 

using majority 3x3 filter to dampen spurious noise present. 
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Using advanced vegetation index such as NDVI, the 

respective satellite data is interpreted for total forest crown 

density and the statistical mean and standard deviation were 

estimated.  As the sanctuary comes under Dry deciduous 

forest, during post-monsoon the canopy has high density 

while during pre-monsoon majority of the trees are leafless. 

This shows that higher the rainfall, higher will be the NDVI 

values (Ouyang et al. 2008).The forest landcover was 

classified accordingly comparing the two periods and also 

the tree species within the sanctuary. Based on their spectral 

statistics of DN values along with ground verifications, the 

landuse/landcover was classified into 8 classes as dense 

forest, mixed forest, grassland, open scrub, water bodies, 

barren land and village’s area.  From the period of May 

1990, it was observed that a vast patch of the forest about 

16% of the sanctuary was occupied by 24 village’s 

inhabitant which they may have use it for shelter, also to 

raise agricultural crops, cows grazing and other activities 

(Choudhary 2001). Also mixed forest and dense forest 

occupied approximately about 27.84% and 20.63% of the 

forest indicating the equal distribution of forest trees while 

open scrub occupy about 10.16% in 1990 of the sanctuary. 

The high percentage of open scrub might be due to the usage 

of the forest by domestic cows for grazing. From the mean 

spectral statistics of the DN values in 2008 of the 

multispectral satellite data’s, the landcover under dense 

forest, mixed forest, grassland, water bodies were observed 

to be around 55.5%, 22.2%, 6.29%, 1.07% respectively. 

However another class was observed in summer 2008 as 

forest burnt area. This is due to the control burning of forest 

grasses to prevent unwanted weeds and other plant species. 

Tree species such as Kardhai, Khair and Dhawa were 

recorded to have shown remarkable recovery which may be 

attributed to the ban imposed on the commercial felling 

under the provision of the Wildlife (Protection) Act 1972 

(Khudsar 2008). Water bodies also shows a remarkable 

increased in the area extent which is due to establishment of 

more water sources both seasonal and perennials at different 

locations in the sanctuary. This is verified from ground 

survey. This shows that the Sanctuary area has shown 

remarkable recovery in terms of vegetation and in turns to 

the prey species as was recorded from the census of Madhya 

Pradesh Forest Department. This is attributing to the 

elimination of anthropogenic activities and effective 

management of the sanctuary. In the absence of biotic 

interference, the natural re-generation of vegetation has 

come up profusely and the mixed forest patches are 

observed to be changing into dense forest and mixed forest.  
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