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. Land-use/land cover changes are studied using the Indian Remote Sensing satellite (IRS-1C, IRS-P6) Linear Image 
Self-scan Sensor (LISS) III data of 1998 and 2010. Coastal land use categories such as sand, vegetation, coral reef and water 
have been identified using interpretation keys. Results of land-use/land cover assessment based on visual interpretation are 
presented. The study indicates water body of 178 and 177 km2, sand features of 32 and 32 km2, vegetation of 28 and 35 km2 

and coral reef of 5 and 6 km2 respectively.  
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Introduction 

 
Coastal zone is a very complex dynamic and 

delicate environment, which perform important 
function such as shoreline stabilization. The coastline 
comprises of headland, promontories, rocky shores, 
sandy spits, barrier beaches, open beaches, 
embayment, estuaries, inlets, bays, marshy land and 
offshore islands1. The long coastline of India, which is 
around 7517 km, consists of different Island 
ecosystems in the Arabian Sea and the Bay of Bengal. 
In India, the Palk Bay has the Landmarks between the 
Point Calimere and Rameshwaram Island as northern 
and southern borders, respectively. The eastern part of 
the Bay is connected with Sri Lanka whereas the 
western part of the bay is the border of the Indian 
subcontinent. Along the east coast of peninsular India, 
narrow belts of sand dunes, coastal dunes and beach 
ridges are present2. The coast of Rameshwaram has 
several topographic expressions, which are the 
signatures of the interaction of marine and aeolian 
processes3. Coastal ecosystem play an important role 
on maintaining biodiversity and integrity of the 
coasts. Coral reefs are one of the important 
ecosystems in India. They form the most productive, 
dynamic ecosystem providing shelter and 
nourishment to thousands of marine flora and fauna. 
They are the protectors of the coastlines of the 
maritime states. They are well developed in warm, 
clear, shallow coastal regions where light is abundant. 
Massive deposits of calcium carbonate that are 

secreted by the corals form the main girdle of the reef. 
Coral reef ecosystem has high biological diversity 
with the greatest number of species than any other 
marine ecosystem4. There are 21 islands running 
parallel to the coastline of the Gulf of Mannar. The 
modern scientific technologies of remote sensing and 
digital image processing are extremely useful in 
periodic assessment of the coastal land-use/land cover 
(LU/LC) changes and analyze them to formulate 
better management5. To study coral reef and coastal 
areas effective mapping techniques are required. 
Remote Sensing is an ideal tool to monitor coral reef 
and related ecosystems6. 
 

Materials and Methods 

Study area 

The study area, Rameshwaram island, is located 
along the southeastern part of the India and is 
surrounded by both Palk Bay (PB) and the Gulf of 
Mannar (GoM). Beach zones in this area are broad, 
with a wide inter-tidal zone. Tail portion of 
Rameshwaram Island on the southeast has a coral, 
swampy composed of a thin sheet of silt and clay in 
which coral fragments are impregnated. GoM was 
declared as a Marine National Park (MNP) in 1986 
and 1989 and it became the first biosphere reserve in 
Southeast Asia. Gulf of Mannar Biosphere Reserve 
(GOMBR) is the coastal biodiversity hotspot in India. 
GoM coral islands are divided into four groups, viz. 
Mandapam, Kilakarai, Vembar and Tuticorin. 
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Rameshwaram Island is located in the eastern part of 
the Ramanathapuram district of Tamil Nadu, India, 
lies  between 9° 7′ 30" N to 9° 19′ 30" N latitude and 
79° 7′  30" E to 79° 27′  00" E longitude (Fig.1). 
Rameshwaram Island retains its uniqueness because 
of alignment of the southern part of the Island’s 
Shores with the Gulf of Mannar and the northern part 
with Palk Bay. The length of Island is about 28 km in 
the east-west direction, and it has a maximum width 
of 8 km in the north-south direction. The coast of the 
Rameshwaram has various topographic features, 
which are the signatures of the interaction of marine 
and aeolian processes. Among the various 
depositional landform features, the formation of a spit 
can be considered a feature of recent age7. 
Southwestern shore of Rameshwaram has a tongue-
shaped spit8. The Rameshwaram spit may have been 
the result of littoral current from Palk Bay to the Gulf 
of Mannar during the northeast monsoon period On 
Rameshwaram Island, beach ridges are found to be 
present on land about 0.5 km away from the present 
shoreline. Shoreline is relatively straight and smooth. 
Beach ridges are found along both the northern and 
the southern coasts. Marine terraces are known to be 
one of the good indicators of sea level variations. 
Mostly, these coral platforms are 10 to 30 m in width 
and distributed discontinuously. Most of these coral 
platforms are encrusted by algal beds. 

Remote Sensing technology is an ideal tool to 
identify, locate and map various types of lands 
associated with different landform units. The timely 
information about the changing pattern of land use 
play significant role in land use planning and 
sustainable land development. One of the most widely 
used data format for information about the land use 
and land cover is the False Colour Composite (FCC) 
of the image. Remote sensing satellite data provides a 

synoptic view of the coastal zones. Comprehensive 
information on the spatial distribution of land use/land 
cover categories and the pattern of their change is a 
prerequisite for planning, utilization and management 
of the land resources of the country. The images used 
in the study were geometrically corrected using 
survey of India toposheet 1969. At least 25 well 
distributed ground control points were used in the 
rectification process. In the present study IRS – 1D 
LISS III (1998), IRS-P6 LISS III (2010) images were 
used to study land use and land cover (LULC). An 
integrated approach (Supervised classification + 
Expert visual interpretation) was applied to classify 
images into different classes of LULC. LULC training 
sets were prepared representing each known LULC 
category that appears fairly homogeneous on the 
image. In total four LULC classes were recognized. 
Using these signature files, supervised classification 
was carried out by using maximum likelihood 
classifier  algorithm processing in ERDAS IMAGINE 
8.5 software. The accuracy assessment utility allows 
the  comparison of certain of pixels in thematic raster 
layer to reference pixels for which the class is 
known9. This is an organized way of comparing a 
classification with ground truth data. After displaying 
the digital data of spectral band 2, 3, 4 on to a colour 
monitor and by identifying the training sets where 
field observations with respect to LU/LC categories 
were made; their spectral response pattern was 
generated. Class separability analysis was 
subsequently carried out by computing the 
transformed divergence value. All the data sets were 
classified using maximum likelihood classifier. For 
quantitative estimates of the classification accuracy of 
LULC maps, sample areas representing different 
LULC categories were selected randomly in each 
output. Accuracy of the classification of each datasets 
and classifier was expressed as an error matrix from 
which the overall accuracy, user’s accuracy, 
producer’s accuracy, the Kappa statistics were 
derived10. The integrated approach provided better 
accuracy (91%) of the image classification. 
 

 

 
 

Fig. 1. Study area 
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Results and Discussion 

In the present study, Survey of India (SOI) toposheet 
of 1969 and IRS 1D and P6 LISS-III satellite imagery of 
different years 1998 and 2010 were compared 
qualitatively and quantitatively. Land use changes were 
studied and different coastal land use categories were 
identified viz. sand vegetation, coral reef and water 
bodies. The results of LULC assessment based on visual 
interpretation for different years of satellite data and its 
area are shown in Table 2. The variation in the LULC 
pattern (Fig 2) clearly shows that coral reef increased 
from 5 to 6 sq.km during 1998 to 2010. Vegetation 
changed from 28 to 35 sq km. Northern part of this 
zone is flat with dead corals and with number of 

minor circular depressions. Whittingham and 
Townsley11 reported that during the 1964 cyclone the 
area behind the coral reef in the Pamban area of this 
Island survived. Coral reef also protects the 
mangroves and sea grasses along the shore by 
reducing the speed of wave. The reef formation 
mostly consists of dead coral mingled with corals 
rocks and live corals12. Suspended sediment load is 
the main factor which determines the coral reef 
growth which in turn is determined by coastal erosion 
and accretion..  The degradation of coral reefs in the 
Gulf of Mannar has been well noticed and many 
authors have reported that the degradation is quite 
severe mainly due to human stress (anthropogenic) 
and also natural agents15-23. Recent study by NIO24 
showed that the highest percentage of coral cover was 
recorded in the Mandapam group of islands and 
lowest in the Kilakarai group since fishing is limited 
in Mandapam group compared to the other Islands. 
Both reefs and mangroves play a role in the accretion 
of coastlines. Reefs produce sand that forms and 
replenishes sandy beaches and islands, the sediment 
accumulating when corals and other calcified 
organisms break down after their death (United 
Nations Environment Programme World 
Conservation Monitoring Centre Staff, 2006) 
Mangrove forest protects all types of coastal 
communities from the fury of cyclones and storms25. 
These depressions are liable to get filled with water 
during the rainy season and are entirely devoid of 
vegetation. Huge sand dunes of medium grain and 
white sand are found in the central part of the Island. 
The present coastal vegetation is not sufficient to 
protect the coastal people from natural calamities. The 
run level due to the recent tsunami in many places 
indicated the need for finding safe locations for 
settlement26. Sand dunes appear to provide the most 
immediate form of coastal protection. Many coastal 
settlements built behind the dune formation are 
protected from the tsunami27.  
 

Conclusions 

Present study made use of   supervised 

Table 1 Detailed of data used 

Type of data Source Year 

Toposheets Survey of India 1969 

IRS-1D LISS III 
(23.5 m resolution) 

NRSC 1998 

IRS-P6 LISS IIII 
(23.5 m resolution) 

NRSC 2010 

 

 
 

Fig. 2 Land use/Land cover maps of 1998 and 2010 

Table 2 Detailed of data used 

Type of data Source Year 

Toposheets Survey of India 1969 

IRS-1D LISS III 
(23.5 m resolution) 

NRSC 1998 

IRS-P6 LISS IIII 
(23.5 m resolution) 

NRSC 2010 
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classification method to classify multi-temporal 
remote sensing image. Land use/Land cover maps for 
different years have been prepared for the study area. 
Changes were quantified using the post-classification 
of the two images. The study indicates changes in the 
area of different coastal features such as water body 
of 178 and 177 km2, sand features of 32 and 32 km2, 
vegetation of 28 and 35 km2 and coral reef of 5 and 6 
km2 respectively during 1998 and 2010.  
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