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ABSTRACT 
Land is the most important natural resources on which all activities are based. Land use-Land 
cover changes are dynamic processes taking place on the surface of the earth and it becomes a 
significant component in managing natural resources and monitoring environmental changes. 
The study area Sonai-Rupai Wildlife Sanctuary is located in the foothills of the Eastern 
Himalayas in Sonitpur district of Assam, India. The present study aimed to assess land use land 
cover change in the sanctuary and their effect on biodiversity and forest fragmentation. 
Landuse/Landcover change were assessed and compared over a period of 45 years (1960-2005) 
by using Remote Sensing (RS) and Geographic Information Systems (GIS) technique. The data 
used for the study were Survey of India toposheets (1959-60 and 1961-62) and satellite 
imageries for the year 1988, 2001 and 2005. Changes in landuse/landcover have affected the 
relative abundance of natural habitats and resulted in the establishment of new land cover types. 
Result shows that change have been observed during the period 1980 to 2005 which indicate that 
severe land cover changes have occurred in forest cover. Of the total 220 sq km area of the 
sanctuary it was found that 85.9% was forest cover during the period 1960s to 1988 which was 
reduced to 49.8% in 2005. The total decline in forest cover during the period 1960s to 2005 was 
35.7% which has also resulted in biodiversity loss in the sanctuary. It was also seen that river 
dynamic has also affected the landuse/landcover of the sanctuary. Hence both natural and 
anthropogenic activities has resulted land use and land cover change within the sanctuary. 

Key Words : Sonai-Rupai Wildlife Sanctuary, Land cover, Remote sensing, GIS, Forest cover, 
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INTRODUCTION 

Land is the most important natural resources 
on which all activities are based. Studying land 
use dynamics is essential in order to examine 
various ecological and developmental 
consequences of land use change over a space 
of time1. Although the terms Land use and 
Land cover are often used interchangeably, 
their actual meanings are quite distinct. Land 
use refers to human activities that take place 
on the earth’s surface whereas Land cover 
refers to the natural or manmade physical 
properties of the land surface 2. The land use 
and land cover pattern of a region is an 
outcome of natural and socio-economic factors 
and their utilization by man in time and space3. 
Land use data are needed in the analysis of 

environmental processes. The knowledge of 
landuse and landcover is important for many 
planning and management activities as it is 
considered an essential element for modelling 
and understanding the earth system. 
Changes in Landuse/Landcover is a dynamic 
process taking place on the surface and it 
become a central component in managing 
natural resources and monitoring environ-
mental changes. Change detection is the 
process of identifying differences in the state 
of an object or phenomenon by observing it at 
different times. Information on landuse/ 
landcover change is a critical input for natural 
resource management and have impacts on a 
wide range of environmental and landscape 
attributes4. 
Remote sensing and GIS are being 
increasingly used in combination for spatial *Author for correspondence 
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analysis. GIS databases are used to improve 
the extraction of relevant information from 
remote sensing imagery, whereas remote 
sensing data provide periodic pictures of 
geometric and thematic characteristics of 
terrain objects. Remote Sensing (RS), 
Geographical Information Systems (GIS) and 
Global Positioning Systems (GPS) facilitate 
environmental change detection, analysis and 
monitoring and are powerful tools to derive 
accurate and timely information on the spatial 
distribution of land use/land cover changes 
over large areas5,6. Digital change detection is 
the process that helps in determining the 
changes associated with landuse and landcover 
properties with reference to geo-registered 
multi-temporal remote sensing data. It helps in 
identifying change between two (or more) 
dates that is uncharacterised of normal 
variation. Change detection is useful in many 
applications such as landuse changes, habitat 
fragmentation, rate of deforestation and other 
cumulative changes through spatial and 
temporal analysis techniques such as GIS and 
Remote Sensing6.  

AIMS AND OBJECTIVES 
To assess landuse/landcover change over the 
period of 45 years from 1960 to 2005 and their 
effect on biodiversity and forest fragmentation 
in the Sonai-Rupai wildlife sanctuary by using 
Remote Sensing (RS) and Geographic 
Information Systems (GIS) technique. 

MATERIAL AND METHODS 
Study area 
Sonai-rupai Wildlife sanctuary is located in 
Sonitpur District of Assam, India and covers 
an area of 220 square kilometres as notified in 
1998. It was declared as a Game Reserve in 
1934 because of its rich biodiversity. The 
altitude ranges from 100 - 300 m from mean 
sea level. The average rainfall ranges from 
2,000 - 2,800 mm and temperature vary from 7 
°C to 35 °C. The sanctuary was earlier part of 
Charduar Reserve Forest. The habitat types 
found in the Sanctuary are Tropical Wet 
Evergreen, Tropical Semi-evergreen, Tropical 
Moist Deciduous Forests and Tropical 
Grassland respectively. The terrain in Sonai-
Rupai is flat and gently sloping towards the 
south. The sanctuary is very rich in natural 

vegetation and comprises of various species of 
plants and trees. The sanctuary is also rich in 
faunal species. The major rivers that traverse 
the sanctuary are Gabru, Gelgeli, Pachnoi, 
Chapnoi, Sonai rupai and Belseri which are the 
tributaries of river Brahmaputra. These rivers 
are the perennial source of water available to 
wildlife. But unfortunately, since the last few 
decades the sanctuary is degrading 
significantly and losing its habitats and rich 
biodiversity due to human pressure. Forest 
fragmentation is taking place due to 
anthropogenic activities, especially for 
residential and agricultural purposes. Losses of 
forest as well as forest fragmentation are also 
taking place due to bank side erosion, channel 
migration and deforestation which is causing 
biodiversity loss. The sanctuary is under the 
threat of encroachment. 
 Data used 
The study is carried out with the help of 
Remote Sensing data, topographic sheet and 
the ground truthing data collected from the 
field survey. Data from Survey of India (SOI) 
topographic maps (83 B/5 and 83 B/9) scale of 
1:50,000 survey on 1959-1960 and 1960-61 
and LANDSAT data acquired on monsoon and 
post monsoon were used for landuse 
classification. Monsoon and post monsoon 
data were used to check the hydrological 
variability. The spatial resolution of landsat 
imagery is sufficient to identify and monitor 
the changes in landuse/landcover. The landsat 
images used in this study have been 
downloaded from GLCF, ESDI and 
Landsat.org.  Landsat TM (30 January 1988 & 
24 December 2001) and ETM+ (30 Jan 2005) 
images of path 136 and row 41 were used in 
this study. Landsat TM and ETM+ have 30 m 
spatial resolution. These images are ortho 
rectified. For this reason, geometrical 
corrections of landsat images are not needed7-9. 
Layer stacking of the landsat images have been 
done in Erdas 9.1 software. For convenient we 
are writing year 1960 as in place of 1959-1960 
& 1961-1962 (surveyed date of toposheets). 
The base map of the study area was prepared 
by using survey of India toposheets. The 
toposheets were geometrically corrected in the 
Arc GIS 10 software. For georeferencing, 
Kalianpur 1975 geographic coordinate system  
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was used as survey of India toposheets have 
been prepared by using Kalianpur 1880 
Datum5.Then the  toposheets were transformed 
to WGS84 Geographic Coordinate system 
which were than projected in Universal 
Transverse Mercator projection WGS 1984 
UTM Zone 46 N. The preparation of base map 
of the study area is the first step in the analysis 
of landuse and landcover map. Various 
features like roads, track, location or any other 
land based features were transferred to the base 
map. For this personal geodatabase were 
created in Arc GIS 10 in which different 
feature classes were created.10-15  
The land-use/landcover map of 1988, 2001 and 
2005 was derived from the visual inter-
pretation of satellite data. The interpretation 
key was based on the relationships between 
ground features and image elements like 
texture, tone, shape, location, and pattern. 
Landuse/Landcover categories such as forest 
cover, river, oxbow lake, grassland, etc. have 
been identified. The landuse of 1960 (1959-
1960 & 1960-1961) was mapped, classified 
and calculated accurately from the toposheets 
and it was compared with those prepared from 
the satellite imageries. For landuse class also 

Personal Geodatabase was created. 
Landuse/Landcover map are prepared in 
1:80,000 scales.  

RESULTS AND DISCUSSION 
The land use pattern of an area depicts an idea 
of overall areal utilisation of resources - 
natural or cultural. The landuse/landcover 
pattern of a region is an outcome of natural 
and socio-economic factors and their 
utilization by man in time and space. The 
landuse/landcover of 1960 was mapped, 
classified and calculated accurately from the 
toposheets and it was compared with those 
prepared from the satellite imageries. Base 
map for the study has been shown in Fig. 1. 
The landuse/landcover Map of the sanctuary 
for the year 1960, 1988, 2001 and 2005 are 
shown in Fig. 2 to Fig. 5. The various land 
use/land cover classes interpreted in the study 
area include forest (dense, moderate and open 
forest), degraded land, built-up area (which is 
kalamati range office within the sanctuary), 
grassland and rivers (water bodies). All the 
maps are prepared in same scale i.e. 1:80,000 
scales.  

 
Fig 1 : Base map of the study area with river channel migration 
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Fig 2 : Landuse/landcover map for the year 1960 

 
Fig 3 : Landuse/landcover map for the year 1988 

 
Fig 4 : Landuse/landcover map for the year 2001 
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Fig 5 : Landuse/landcover map for the year 2005 

The landuse/landcover categories and its areal 
extent in various years have been tabulated in 
Table 1. Changes in land use/land cover were 

evaluated from the differences between 1960s, 
1988, 2001 and 2005 map and is shown in 
Table 2. 

Table 1 : Land use / land cover classification (1960-2005) 

Categories 

1960 1988 2001 2005 

Area 
(sq 
km) 

Area 
(%) 

Area(sq 
km) 

Area 
(%) 

Area(sq 
km) 

Area 
(%) 

Area(sq 
km) 

Area 
(%) 

Forest 188.22 85.9 188.05 85.8 125.94 57.3 109.69 49.8 
Builtup 
Area 

0.55 0.3 1.49 0.7 1.67 0.8 1.67 0.8 

Oxbow lake 0.61 0.3 - - - - - - 
Grassland 18.03 8.2 6.07 2.8 6.36 2.9 10.88 4.9 
River 11.68 5.3 16.12 7.4 19.25 8.8 19.07 8.7 
Degraded 
Land 

- - 7.56 3.4 66.4 30.2 78.74 35.8 

Table 2 : Change in landuse/landcover during 1960-2005 

Class 1960-1988 1988-2001 2001-2005 
(Sq. Km) (Sq. Km) (Sq. Km) 

Forest -0.17 -62.11 -16.25 

Degraded land 7.56 58.84 12.34 
River 4.44 3.13 -0.18 
Grassland -11.96 0.29 4.52 

The total area covered by the sanctuary is 
220(±1) sq km as notified in 1998. In 1960 and 
1988 it was found that out of 220 km2 of the 
sanctuary 188(±1) km2 was forest cover which 
is 86% of the total area of the sanctuary. 
During this period not much change has been 
found in landuse/landcover of the sanctuary.  

The most striking change in landuse/landcover 
has been the sharp decrease in forest cover 
within the sanctuary during the period 1988 
and 2001 has been observed. In 1988, it was 
found that 7.56km2 of sanctuary land was 
converted to degraded land which increased to 
78.74 km2 in 2005. When compared to the 
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landuse/landcover map derived from 1960 and 
2005 it was found that there has been a 
decrease of 75.8 km2 area in dense forests and 
7.15 km2 in grassland cover. On the other 
hand, an increase of 78.74 km2 in degraded 
land and 7.4 km2 in river area has been also 
observed.  
The rivers in the sanctuary are characterized by 
frequent bank erosion leading to channel 
pattern changes and shifting of bank line. The 
forest area in the catchment of rivers has been 
reduced considerably during the last few 
decades. The total area covered by the river in 
1960 was 11.68 sq km which increased to 
16.12 sq km in 1988 but there was not much 
change in the river area in 2001 and 2005. It 
was found that river Belseri flowing across the 
sanctuary is the most meandering river which 
opens up new channel leading to bifurcation 
and shift towards west. This resulted river 
migration has subsequently caused fragmen-
tation, degradation and loss of forest.  
Deforestation, land fragmentation, river 
dynamics and rapid increase in human settle-
ments have negative impact on biodiversity of 
the sanctuary by causing habitat loss. As the 
total size of a habitat is reduced the sizes of the 
populations of many species particularly large 
mammals are also affected1.  From the present 
study it is evident that there is considerable 
decrease in the forest cover (dense, moderate 
and open forest) for the period of 1988 to 2005 
within the sanctuary which has resulted in 
habitat loss and affected the biodiversity of the 
sanctuary. 

CONCLUSION 
Forest and land cover change detection is one 
of the major applications of satellite-based 
remote sensing. The study showed that 
remotely sensed data provide striking spatial 
detail about the earth surface, which serves as 
a better data source for environmental change 
studies. The use of remotely sensed data and 
GIS technique showed that Sonai-Rupai 
wildlife Sanctuary has undergone tremendous 
change over the last 45 years (1960-2005). Of 
the total 220(±1) km2 area of the sanctuary it 
was found that 85.9% was forest cover during 
the period 1960 to 1988 which has been 
reduced to 49.8% in 2005. The total decline in 
forest cover during the period 1960s to 2005 

was 35.7% which has resulted in biodiversity 
loss in the sanctuary. It has been found that 
vast changes occurred due to encroachment of 
forest land by of the people. This has resulted 
in the formation of degraded land which has 
affected the habitat of the sanctuary. Forest 
areas in the bank of river have been also 
reduced considerably during the period of 
1960 to 2005. Channel migration has subse-
quently caused fragmentation which has 
resulted in degradation and loss of forest 
within the sanctuary. Deforestation, land 
fragmentation, agriculture expansion, human 
settlements and channel migration have 
negative impacts on the habitat and biodiver-
sity of the sanctuary. Hence, both natural and 
anthropogenic activities has resulted in land 
use and land cover change within the 
sanctuary.  So, proper management practices 
should be adopted for conservation of forest 
and biodiversity in the sanctuary. 
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