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ABSTRACT

Alteration of land cover takes place dramatically because of great forces of natural calamities.
Qualitative and quantitative information about these changes are useful for sustainable management
of natural resources. Especially coastal areas are prone to land coverage changes due to many
reasons, among which natural calamities rank as one of the major factor. Odisha, being located in
Eastern part of India, covering 480 km coastal tract is very susceptible to frequent natural catastrophes
like cyclone and super cyclone. In this paper, land cover change dynamics were investigated by
the combined use of satellite remote sensing and geographical information systems. The main
objective of the study was to determine land-cover changes among land cover types in coastal areas
of Kendrapara. Landsat ETM+ images of the year 2000 and 2006 were used to gather land cover
change data of the coastal belt of Kendrapara district, Odisha. The images were classified using
unsupervised classification and a post-classification comparison approach was used in change
detection. The results show increase in agricultural areas and other vegetated areas but decrease
in water bodies and soil and barren areas.
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INTRODUCTION

Land cover refers to surface cover on
ground which includes vegetation, settlements,
water base soil etc. Delineating and mapping land
cover is important for global monitoring system,
resource management and planning activities.
Identification of land cover provides the baseline
from which monitoring activities (change detection)
can be performed, and provides the ground cover
information for baseline thematic maps. Coastal
areas, being favourable on biophysical and climatic
conditions,have attracted human settlement since
prehistoric times. Early settlements were established
on the coastal areas for both commercial and naval
purposes (Nurlu and Erdem 2002). More than
half of the world’s population live on coastal areas
(Hinrichsen,1998). All most all worlds’ coastal areas
are exposed to rapid urban growth; increasing

population pressure; expansion of major industries.
As a result, land use and land cover of the coastal
areas are changing dramatically because of natural
processes as well as human activities. Land use
and/land cover changes have become a central
component for managing natural resources and
monitoring environmental changes (Bottomley1998).
Therefore, a lot of land cover and land use change
models have been developed for assessing change
on land use patterns for different purposes (U.S. EPA
2000).

Satellite data with their repetitive nature
have proved to be useful in mapping land use/ land
cover patterns and temporal changes. Methods
of change detection in remote sensing typically
analyze sequential images of the same area and
evolve the detection and display of the image
space. There are a number of such methods that
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are suitable for continuous monitoring the type of
changes, including image differencing (Lyon et
al., 1998). There are different methods that can be
used in this context, including post-classification
comparisons and multidate-classification (Cohen
et al, 1998). Land use land cover change pattern
of diara land of river Ganga using multi-temporal
satellite data has been done by Kumar G. et al, 2008.
As a general form, land cover classifications provide
the fundamental information to appraise the impact
of human interactions within the environment and
to assess scientific foundations for sustainability,
vulnerability, and resilience of land systems and
their use (Han et al. 2004). Changes in land use and
land cover are key factors for global environmental
change (Burgi, 1999). Growing human population
causes land scarcity and the conversion of wild
lands to agriculture and other uses and, thus, land
use/land cover change. Population growth can push
the rural poor onto marginal lands. Other important
determinants of changes in land use and land cover
include several types of policy: human settlement
and land tenure policy, fiscal policy, trade policy, and
agricultural policy. In addition, changes in technology
(e.g., road building), culture, power, and political/
economic institution scan influence land use/land
cover change (Reid et al. 2000). The remote sensing
(RS) and Geographical Information System (GIS) in
the assessment of changes of land use/land cover
are used increasingly(lverson et al. 1994; Moody and
Woodcock1995; Metzger and Muller 1996; Basnyat
et al.1999; Mertens and Lambin 1999; Reid et al.
2000;Li et al. 2001; Apan et al. 2002; Backhaus et
al.2002; Sahin and Kurum 2002; Goksel et al. 2004;
Gulinck et al. 2001; Coskun et al. 2006;Nagendraet
al. 2006). Remote sensing can provide valuable
and timely information on natural resources and the
environment (Waseret al. 2007). The percentage of
land cover and land use types were calculated using
Geographical Information System (Feoli et al. 2002;
Weierset al.2004; Shalaby and Tateishi 2007). The
Geographical Information System is a special type of
tool evolved to analyze geographic data for efficient
planning (Sengupta and Venkatachalam 1994).The
GIS provided data about the environment by using
raster images and other thematic maps which were
pre processed, displayed, and analyzed(Apan et
al. 2002). GIS and RS may play a vital role at the
stages of exploration and analysis of local resources,
planning, and evaluation. Current land use was

studied using GIS, satellite RS, field observations,
and published records. GIS analysis was carried out
to create a comprehensive database, including land
use, soil suitability, socioeconomic data, and rainfall
(Goksel et al. 2004; Chang et al. 2008).

Eastern part of India comprising the State of
Odisha, West Bengal, AndhraPradeshare vulnerable
to multiple disasters such as tropical cyclones, storm
surges, and Tsunamis. The threat of the coastal
vulnerability to such hazards has increased many
folds with the growing population. The economy of
these states has received tremendous setbacks
because several natural hazards occurred in
succession. Especially coastal districts of Odisha
have experienced major surges in the past. Severe
flooding caused by storm surges during the 1999
super cyclone caused massive destruction to life
and property. Extreme sea levels are major causes
of concern for coastal flooding in this region. The loss
of land to the sea has now become a more recurrent
phenomenon. Identification of vulnerable areas and
effective risk mapping and assessment is the need
of the hour (Srinivasa Kumar et al., 2010). As the
struggle for food runs swiftly and primarily, focus is
to conserve the area covered by crops from getting
eroded. This paper focuses the issue of change in
land use/land cover classes and acreage of each
class for a coastal village and itsnearbyareas of
Odisha. The land cover (LC) is defined as the
observed physical layer including natural and planted
vegetation and human constructions, which cover
thesurface of the Earth.

Study area

Present study was conducted for Sunity
gram panchayat, located in Mahakalapada block of
Kendrapara districts of Odisha, which falls within the
latitude & longitude range from 20.40°to 20.50°N and
86.45°to 86.75°E respectively. The mean sea level is
only 0-3m along the coast line.Mahakalapadais the
most populous and largest in having geographical
area of 490.57 sg. km. amongst all the blocks
in Kendrapara district of Odisha. Total rainfall
received across the year is 1509 mm. Area sown for
agriculture is also highest in this block covering area
of 28655 ha. Hence, maximum importance was given
to this block primarily so as to get the observations
for detecting the changes. Fig. 1shows the location
of study area.
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Fig .1: Landsat Image showing the study area

MATERIALS AND METHODS

Remote Sensing Data

Remotely sensed data together with
ancillary data (standard topographic map) have
been used to investigate land cover change data
of Suniti and its surroundings areas overthe past
6 years (2000-2006). Land cover changes were
defined using Landsat ETM+ image of 23 October,
2000 and 24™"October, 2006. To improve and verify
the accuracy of the image, topographic maps of
1:25 000 scale covering the study area, showing
the main landscape features such as relief, soils,
forests, shrubs, wetlands,etc. were referred. ArcGIS
10.0software was used for interpretation of satellite
data by using ground controlpoints and ancillary
data. Also this software was used forchange
detection analyses.
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To detect the land cover changes within six
years from 23 October 2000 to 24™ October 2006
, the ortho-rectified Landsat Enhanced Thematic
Mapper+(Landsat ETM+) data downloaded from
Global Land Cover Facility (GLCF) website (http://
glcf.umiacs. umd.edu/) was used as reference for
geo-rectification (Saranya K.R.L. etal 2014). Image-
to-image registration was done in order to register
the multitemporal raw images in the projection UTM
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Fig. 2: Flow Chart of Methodology
(Saranya K. R. L. et al., 2014)

Table. 1: land Cover Changes in and around Suniti Village
(from the classified images for the year 2000 & 2006)

Land Cover 2000 2006 Total Changes Change

Types (Hectares) (%)
Hectares  Percentage  Hectares  Percentage

Water bodies 2553.84 18.12 2660.40 20.93 106.56 2.81

Crop Areas 4361.04 30.95 4951.08 38.96 590.04 8.01

Other 5239.80 37.19 3894.12 30.65 1345.68 -6.54

Vegetation

Soil & Barren 1932.12 13.71 1199.52 9.44 732.6 -4.27

Areas
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Fig. 3: A and B as FCCs (Pre Classified) and C and D as Post classified
images of the study area for the year 2000 and 2006 respectively.

N45 and datum WGS84 using the first-order (linear)
polynomial function. Nearest Neighbor resampling
was chosen in order to preserve the radiometry and
spectralinformation in the imagery (Sabins 1987).
The RMS error of the image to image registration
achieved <1 (0.49-0.78) pixel. To reduce the error
due to atmospheric conditions at different dates,
top-of-atmosphere (TOA) reflectance program was
used (Chavez 1996).ArcGIS 10.0 software enabled
system was employed to process the acquired
images.

Methodology
The procedure of the methodology is
outlined in fig.

RESULTS AND DISCUSSIONS
From the acquired Landsat ETM+ image

of the study area, change detection analysis was
carried out. FCC (False Colour Composite) images

were prepared with the band combinations 7, 4
and 2 to RGB (Red, Green and Blue) channels
respectively for both the year 2000 & 2006. Fig.3
shows the FCC images (Pre-Classified) for both
the years 2000 and 2006. Though images were well
observed, but it could not be discriminated well for
detecting the changes because of similar pattern in
the images. Change of land cover is a must according
to the brutality of natural calamities over those
areas. Hence, remote sensing classification method
was adopted to detect the changes quantitatively.
Image interpretation elements (shape, size, tone,
texture, pattern and association) were keysfor
identifying the area used for specific purposes.
Then satellite images were classified to prepare
land use/land cover maps of 2000 and 2006. Iso
cluster unsupervised classification was employed
to generate land cover maps.Post classified images
were observed to detect the changes. Fig.2 shows
the post classified Landsat ETM+ images for both
the year 2000 and 2006.
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Classified images could differentiate well
the geographical entities like crops, water, other
vegetation and soil and barren areas occupying
within the study area showed in Table 1.

Major land cover types were classified as
agricultural areas, land with other vegetation, water
bodies and soil/barren land. From the outcomes
of the analysis it was found that water bodies and
agricultural crop areas have increased with 2.81 %
and 8.01 % within the period of the year 2000 to
2006 whereas other vegetation and areas of soil
and barren have decreased with 6.54 % and 4.27%
respectively. One of the reasons could be due to the
effect of super cyclone in coastal areas during the
year 1999. As per the official records, super cyclone
damaged all most 90% of the agricultural and
other crops in Odisha especially in Jagatsinghpur,
Kendrapara districts. Situations prevailing aftermath
of this disaster continued to be reconciled at a very
slower rate. However, in the present study, analysis
was carried out year 2000, which is after 1 year of the
super cyclone. Based on the ground truth information
collected from the study area, it showed that even
in the year 2000, there was comparatively less
cropped area due to the effect of post super cyclone
in 1999. But gradually over the period of time, there
was increase in cropped area in the coastal areas,
which was reflected from the image analysis. During
2006 there was increase in crop coverage for most
of the coastal Odisha. Water bodies have increased
a little due to change in the geomorphology of
the landscape within 6 years interval. Land cover
having other vegetation inclusive of shrub, bushes
and trees etc. have reduced because of the socio-
economic developmental activities. Soil and barren
areas have also reduced due to the settlement of
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the dwellings. Burgeoning of the population also
induced to cause the change in those land covers.
Quantitative outcomes made it easier to take the
decision effectively and to promote the planning
process for the well being of the locality and the
coastal zone of the state as a whole.

CONCLUSION

Changes of land use and land cover over a
period of 6 years between 2000 and 2006 in Suniti
village and its surroundings were monitored by using
Landsat ETM+ images. The image classification
results showed that the land use and land cover in
the study area experienced noticeable changes over
the period of 6 years. Water bodies and agricultural
crop areas have increased with 2.81 % and 8.01 %
within the period of the year 2000 to 2006 whereas
other vegetation and areas of soil and barren have
decreased with 6.54 % and 4.27% respectively.
Intensive agricultural planning must be undertaken
to increase the food security and similar approach
for the other regions must be carried out so as to
meet the challenges. Effective utilization of satellite
imagery has been properly done for the classification
and to monitor the changes in the environmental
components.The findings of this research will
definitely be beneficial to the decision makers
in making plan and developing strategy for the
wellbeing of the coastal inhabitants and the habitats
as well.
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