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ABSTRACT
Human population and activities in the world are generally concentrated near the coast, which
has modified the environment for thousands of years. Coastal development leads to
modification of foreshore and loss of key habitats such as mangroves, coral, sea grasses etc.
Because of this collision of impacts and uses, managing coastal zone can be a high priority
for all the coastal nations. Coastal zones are more vulnerable for land use pattern change in
the rapid era of urbanization and industrialization. To protect the current natural resources
and to know about the causes and consequences of more utilization of water and soil
resources a land use land cover (LULC) monitoring and mapping was carried out in the Gulf
of Kachchh, the most hastily growing industrial hub of India. Geospatial techniques were
used to monitor and evaluate the change in LULC in the Gulf of Kachchh from 1997 to 2016.
LISS-III satellite images and digital change detection methods were used. The satellite
images were classified using supervised classification method and expert visual
interpretation. KAPPA analysis and Error matrix have been done for the accuracy
assessment. Change detection among the satellite images for all the nine LULC classes was
calculated. The overall classification accuracy of the image is 91.46% with Kappa statistics

of 0.89. This study shows that the major LULC change identified in agricultural land
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followed by mudflats and water bodies, which are significantly decreased, while mangrove,

saltpan, built up, industries and mining are increased from 1997 to 2016.

Keywords: LISS III image, KAPPA analysis, Supervised classification, Change detection

INTRODUCTION

Coastal zones are more natural creative
regions and essential apparatus of the
universal ecosystem [1]. These coastal
zones have prosperity of different species
and genetically diverse habitat and are main
oxygen sources and carbon sink. Hence,
these zones play an essential role in
regulating global ecosystem and climate
[2]. World’s almost half population stays
within 60 km of the coastal line and would
increase around three quarters by 2025 [3].
The LULC pattern of each area is a result
of socio economic and natural factors and
their exploitation by man in time and space.
In recent years, LULC change become an
important component to manage natural
resources and to supervise environmental
changes [4]. From last few years, Gulf of
Kachchh, Gujarat is having increased
anthropogenic  pressure  because  of
urbanization and industrialization. Thus,
there is a critical need to evaluate and
monitor LULC changes to build efficient
strategies for coastal zone management.
Mostly coastal zones are influenced by
dredging, tipping and reclamation activities
[5]. Satellite images provide a synoptic
view of the coastal zones [6]. The recent

scientific technologies such as digital

image processing and remote sensing are
very helpful in periodic assessment of the
LULC changes of the coastal area and
appraise them to plan better management
[71.

The present study shows the
purpose of LULC change analysis of Gulf
of Kachchh using remote sensing. LISS III
satellite =~ images  were used for
determination of LULC changes of study
area. The images were analyzed using data
image processing technique in ERDAS
Imagine® and Arc GIS®. Land use and land
cover nomenclature is classified according
to the National State Remote Sensing
Agency (NRSA). Furthermore, the image
analysis outcomes are confirmed through
ground surveys.

MATERIALS AND METHODS

The study and research work is carried out
in the coastal area of Gulf of Kachchh
(within 20 km from the shoreline), Gujarat.
Gulf of Kachchh (GoK) is the massive
coastal zone in the west coastal part of
India in the state of Gujarat (20° 15° to 23°
35" N and 60° 05° to 70° 22’ E) which is
spread over 1000 km long coastline
covering an area of 7350 sq km and a

volume of 220,000 Mm®. The GoK lies
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among the Saurashtra/Kathiawar peninsula
in the south and the mainland of Kachchh
in the north and is open to the Arabian Sea
in the west [8]. The GoK has unique marine
habitat like mangroves and coral reef in the
southern coast and mangroves habitat at
certain locations by the side of the northern

coast. The GoK is very wealthy in terms of

various habitats including coral reefs,

mangroves, creeks, mud flats, islands,
rocky shore, sandy shore etc., which in turn
provide suitable environment for wide
range of flora and fauna. The gulf zone is
very much affluent in diversity of marine
life. The map of GoK indicating study area

is shown in Figure 1.
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Figure 1: Map showing the study area of the present study

Scene wise Geo-referenced LISS-III
satellite data for years 1997, 2002, 2007,
2012 and 2016 were acquired from the
Bhaskaracharya  Institute for  Space
Application and Geoinformatics (BISAG)
and National Remote Sensing Centre
(NRSC). The research involved two main
steps, classification of satellite data for
LULC types and the change detection
analysis in the LULC types. Satellite data

analysis includes registration, classification

and change detection wusing post-

classification comparison. Analysis of
satellite data is done by using spatial
analyst tool in Arc GIS® and ERDAS®.
LULC maps were prepared for multi date
satellite images. Land use land cover
change analysis was conceded using Arc
GIS®. Ground truthing was carried out
using GPS to access the accuracy of visual
interpretation.

Image Classification Methods
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The main objective of image classification
method is to automatically classify all the
pixels in the image into LULC classes to
acquire valuable thematic information [9].
Multi spectral image -classification is the
most useful method to extract thematic
information from satellite images [10]. The
land use land cover maps were prepared for
the LISS-III image of years 1997, 2002,
2007, 2012 and 2016. Image classification

was carried out using hybrid classification

method connecting both unsupervised and
supervised techniques [11]. Among different
maximum

classification algorithms,

likelihood was applied for supervised
classification by taking 90 training areas for
nine major LULC class categories (10
training points for each LULC class). The
LULC classes include agricultural land, built
up area, industries, mangrove, mining area,
mudflat, saltpan, waste land and water

bodies (Table 1).

Table 1: Description of Land Use Land Cover Classes

Land Use/ Land Cover Class Description
Agricultural Land Areas allotted to rain fed and irrigated cultivation, including fallow plots,
agricultural land mixed with some bushes, trees and the scattered rural
settlements included within the cultivated fields.
Built Up Areas that have been populated with residential, commercial, transportation and
facilities. Settlements, roads and tourist places
Industries Areas that have been allotted to industry, port and land for port activity.
Mangrove Trees which are adapted in saline water with high tide and low tide.
Mining area Areas that have been allotted for the open cast mining
Mud Flat Area covered with mud at coast line.
Saltpan Area in which salt produce by evaporation of sea water.
Wastelands Mountainous or hilly areas, areas with no vegetation cover or degraded
agricultural lands.
Water bodies Areas covered by manmade small dams, seasonal water bodies and permanent
water bodies (rivers, lakes and sea).

After [12 — 15]

Area statistics is estimated in
hectors of every land use land cover
category in attribute table of ERDAS
Imagine as suggested by Abate (2011)
(Table 2). The classified images were
edited on the basis of the ground truth data
collected from the field and then finally
classified maps were generated with
assessing classification accuracy using the
tool accuracy assessment of ERDAS®
where land use land cover maps were used
in raster format. By applying random points
window we

in accuracy assessment

established accuracy report containing

overall classification accuracy [16]. Image
analysis operations have been carried out
using GIS and finally the changes in
various LULC classes are acquired using
post classification comparison method.
KAPPA analysis and Error matrix were
done for the accuracy assessment of the
classification [17]. The output was
evaluated for land cover degradation and
interpreted with ancillary data collected
from various state government
departments. The results acquired were

used in order to evaluate the stress of land
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use and land cover on ecosystem for the
better management of natural resources.
RESULTS AND DISCUSSION
Supervised Classification of the Study
Area

Figure 2 to 6 shows the classified images of
the Gulf of Kachchh for the years 1997,
2002, 2007, 2012 and 2016 respectively.
The accuracy assessment is so significant
that it tells us to what extent the truth on the
ground is represented on the corresponding
classified image. Overall classification
accuracy of the image was calculated

adding the number of correctly classified

pixels and dividing it using the total
number of pixels. Overall classification
accuracy of the image is 91.46% with
Kappa statistics of 0.89. Post classification
change statistics between 1997, 2002, 2007,
2012 and 2016 gives the total amount of
area covered by the different classes and
the change observed. Table 2 gives the area
of each LULC categories in different years
in hectare. Table 3 presents the change in
each LULC class every five years. Figure 7
shows the change of each LULC class from

1997 to 2016.
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Figure 2: Classified image of the coastal area of GoK in year 1997
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Figure 3: Classified image of the coastal area of GoK in year 2002
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Figure 4: Classified image of the coastal area of GoK in year 2007
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Figure 6: Classified image of the coastal area of GoK in year 2016
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Table 2: Area of each LULC classes in study area

LULC Class 1997 (ha) | 2002 (ha) 2007 (ha) 2012 (ha) 2016 (ha)
1 Agricultural Land 684326 675143 667102 650164 618753
2 Built Up 2342 5621 18391 36023 49125
3 Industries 1927 5045 20313 31468 48345
4 Mangrove 95465 88672 93841 96236 99823
5 Mining 112 368 465 808 917
6 Mud Flat 179102 167680 159874 148756 136748
7 Salt Pan 29334 54297 59476 80152 102576
8 Water bodies 83176 79543 62416 41325 31583
9 Waste/Barren Land 286721 286136 280627 277573 274635
Total 1362505 1362505 1362505 1362505 1362505

Table 3: Land Use Land Cover (LULC) change

LULC Class Change in ha Change in ha Change in ha Change in ha Change in ha
b 1997-2002 2002-2007 2007-2012 2012-2016 1997-2016
1 Agricultural Land -9183 -8041 -16938 -31411 -65573
2 Built Up 3279 12770 17632 13102 46783
3 Industries 3118 15268 11155 16877 46418
4 Mangrove -6793 5169 2395 3587 4358
5 Mining 256 97 343 109 805
6 Mud Flat -11422 -7806 -11118 -12008 -42354
7 Salt Pan 24963 5179 20676 22424 73242
8 Water bodies -3633 -17127 -21091 -9742 -51593
9 Waste/Barren Land -585 -5509 -3054 -2938 -12086
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Figure 7: Land Use Land Cover (LULC) change from 1997-2016 in the study area

There are substantial changes either industries or in built up area might be

observed in the LULC categories from
1997 to 2016. Agricultural
measured from 684326ha (50.22%) in 1997
to 618753ha (45.41%) in 2016 indicating
the decrease by 65573ha (4.81%). Most of

land 1is

the agricultural land found converted into

because of industrialization, urbanization
and increase in human population. Several
chemical industries, oil refinery and other
factories developed near the coastline that
reflects the increase in class from 0.14% in

1997 to 2.38% in 2016. Similarly, the built
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up increased from 0.17% in 1997 to 2.76%
in 2016.
95465ha in 1997, which decreased up to
88672ha in 2002 due to the rapid

Mangroves were observed

development and expansion of industrial
estate. However, after 2002, mangrove area
increase as a result of the mangrove
plantation by the Government, private
NGOs and industries. This also shows that
the awareness about the importance of
mangrove among the locals as well as in
industrialists. In 2016, mangroves observed
99823ha. Due to these efforts and
awareness, mangroves cover in the study
area is increased by 0.11%. (from 7.00% in
1997 to 7.11% in 2016). Increase in
mangrove cover has reduce the land
covered by the mudflat by 3.11% (13.15%
in 1997 to 10.04% in 2016). Lignite mining
increased from 112ha in 1997 to 917ha in
2016 at Lakhpat taluka of Kachchh district.
Saltpan increased from 29334ha (2.15%) in
1997 to 102576ha (7.52%) in 2016. Level
of water bodies decreased from 6.10% to
2.32% in last twenty years. Waste/barren
land was utilized for the mining, built up or
industries purpose and hence it is decreased
over the period of twenty years (286721ha
to 274635ha). The results reveal that there
is a need to monitor the LULC changes at
regular interval which may help to prepare
the land use plan for the sustainable

development.

CONCLUSION

This study has given an insight of the
change in land cover and land use of
coastal zone of Gulf of Kachchh in the past
twenty years. This study successfully
shows that the major land use land cover
change identified in the Gulf of Kachchh is
in agricultural land followed by mudflats
and water bodies, which are significantly
decreased from 1997 to 2016. There are
increase in mangrove, saltpan, built up,
industries and mining categories in the
study area during the 1997 to 2016. Under
utilization of potential land, urbanization,
industrialization and increased population
are the major driving forces for the change
in land use during the past twenty years.
The overall accuracy achieved in the study
is 91.46% which is satisfactory and Kappa
coefficient is 0.89 which is nearer to one.
Digital image processing techniques,
change detection procedures coupled with
spatial analysis offer valuable tools for
scientists, resource managers and policy
makers for efficient mapping and
monitoring the coastal zone.
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