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ABSTRACT. In Goa, the tourism industry is the major cornerstone of the economy. With the increasing number of tourists
along the coastal areas, more tourism-related infrastructure is emerging within the Coastal Regulation Zone. The sensitive
and fragile coastal zones are being covered by concrete structures and the coastal environment becomes vulnerable to
degradation. The objective of the paper was to study the changes in landuse and landcover in the Coastal Regulation Zone of
Salcete taluka using remote sensing data and geospatial techniques. To fulfill the objective, both primary and secondary data
were used. Primary data was based on personal observations and field visits while secondary data consisted of topographic
maps, LANDSAT 7 ETM, and LANDSAT 8 satellite images, which were processed and analyzed using ArcGIS 10.3, ERDAS
IMAGINE 2014, SAGA (System for Automated Geoscientific Analyses) and MS Excel. From the landuse and landcover analysis
for a period of 17 years (2000-2017), it was found that the land cover within the CRZ underwent a tremendous change with
the increase in tourism activity and related infrastructure. The analysis revealed that the agricultural area has decreased,
whereas built-up areas, barren land, and vegetation area increased. The change detection analysis using SAGA software
allowed to understand the conversion between different classes. The study revealed that the increasing number of tourists
and tourism activities along the Salcete Coast is deteriorating the environmental setup and disturbing the inherent coastal
landscape.
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INTRODUCTION rapidly rising, resulting in a negative impact on land due to the

spread of built-up areas, settlements, and recreational facilities

A coastal zone is an area of interface between the land and ~ (Kaliraj et al. 2017). Development along the coasts is taking

the sea (Panigrahi and Mohanty 2012). Coastal zones are the  place in an uncoordinated and unsustainable manner thereby

most biologically productive regions and form an important  degrading the coastal environment (Panigrahi and Mohanty
component of the global biosystem (Yagouband Kolam 2006).  2012).

Coastal zones have a high environmental, economic, and social The Ministry of Environment and Forests (MoEF) passed
value (Ramesh and Vel 2011). Moreover, the coasts have played legislation called the Coastal Regulation Zone (CRZ) notification
an eminent role in economic growth over the years, but over- issued under the Environment Protection Act of 1986. The 2011

dependence and various human activities have led to the  notification defines the CRZ as the area from the high tide line
unsustainable management of coastal ecosystems (Chinnasamy — (HTL) to 500 m on the landward side, and from the HTL to 100
and Parikh 2020). m or width of the creek, whichever is less, on the landward

In recent times, human interference in coastal areas has side of tidally-influenced water bodies connected to the sea
increased, leading to the major degradation of the fragile coastal (Coastal Regulation Zone (CRZ) Notification, 2011). There are four
environment. Approximately 50% of the world’s population  categories of CRZ, namely CRZ | (Ecologically Sensitive Area), CRZ

resides in coastal zones which puts them under very high stress I (Built-up areas), CRZ Ill (Rural areas), and CRZ IV territorial waters
from population growth, pollution, and over-exploitation of  and tidally-influenced water bodies (Chouhan et al. 2017).
resources (Shi et al. 2001). Zahedi (2008) observed that with the The main purpose of issuing the CRZ notification was to

ever-increasing pressure on the coastal belt, and as more people  control and minimize the increasing anthropogenic activities
are moving towards the coast, the conditions of beaches are  and protect the coastal environment from hap-hazardous
worsening. The population growth along the Indian coastsisalso ~ development and human interference (Mascarenhas 1999).
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However, Nayak (2017) stated that coastal regulation has
undergone immense changes over the last 25 years, mostly due
to incorrect interpretation of the High Tide Line and conflicting
laws of the State and Central governments.

Goa, a small coastal State located on the western coast of
India is known worldwide as a tourist destination because of
its scenic nature and cultural hospitality. Tourism is the fastest-
growing industry in the State and is also the backbone of the
State’s economy. According to the Department of Tourism,
Government of Goa website (2018), in the year 1985, 775,212
tourists (682,545 domestic and 92,667 foreign) visited Goa, which
increased to 7,785,693 (6,895,234 domestic and 890,459 foreign)
in 2017.To provide tourists with basic recreational facilities, many
coastal zones in Goa were encroached upon by unplanned
built-up areas. With the rise in tourism, many eco-sensitive zones
were disturbed and most of the land is under reclamation for
recreational purposes.

The present study was carried out with the aim to understand
the human-induced landscape alteration in the Coastal
Regulation Zone of Salcete taluka. The objective of the paper was
to study the changes in land use and land cover in this area using
remote sensing data and geospatial techniques.

Landuse and landcover conversion refers to the process of
transformation of land cover to land use and change in land use
fromonetypetoanotherduetonatural oranthropogenicactivities
(Kalirajetal.2017).Buttetal.(2015) stated that itis essential to study
and analyze these changes to better understand the relationship
between human activities and natural phenomena. The factors
influencing land use and land cover changes should be studied
in order to understand and assess environmental impacts and
plan for sustainable development (Waiyasusri and Chotpantarat
2022). According to Berlanga-Robles and Ruiz-Luna (2011),
landuse and landcover changes are responsible for a 35-50% loss
of coastal wetlands. Landuse and landcover change detection
has become a necessity for developing efficient strategies for

managing natural resources, monitoring environmental changes,
and planning policies in various coastal areas (Muttitanon and
Tripathi 2005; Kaul and Ingle 2012; Islam et al. 2016).

Remote sensing and Geographic Information Systems
(GIS) provide efficient tools for ecosystem and socio-economic
management (Haque and Basak 2017). Misra and Balaji (2015)
stated that these tools provide a unique opportunity for building
information sources and supporting decision-making activities
for various coastal zone applications. Remote sensing data is
a very useful source of information as it provides up-to-date
and complete coverage of any area and is proven to be useful
in assessing and monitoring land use and landcover changes
(Muttitanon and Tripathi 2005). In order to manage and protect
the coastal environment from further exploitation, landuse and
landcover changes must be studied.

Study Area

This study focused on the coastal areas of Salcete taluka,
which is a sub-division of the South Goa district in the Indian
state of Goa. Salcete taluka is located at 15° 12"44.82" N and 74°
4'23.628"E, and its coastal area occupies about 27 km of straight
continuous beach strip and numerous sand dunes along the
Arabian Sea, with Utorda beach in the north and Betul Beach at
the mouth of the Sal River in the south. The Salcete taluka consists
of ten major beaches, namely Utorda, Majorda, Betalbatim, Colva,
Sernabatim, Benaulim, Varca, Cavelossim, Mobor, and Betul, along
with other small beaches such as Carmona and Fatrade (Fig. 1).

Compared to the coastal region of North Goa, the beaches
of South Goa are less exploited. However, with the increasing
tourism trend and popularity of the destination, exploitation
is likely to increase at a tremendous rate in the coming years.
Therefore, the coastal area of Salcete taluka was selected to
understand its present coastal environmental issues.
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Fig. 1. Location of the study area
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MATERIALS AND METHODS

The present study required digital spatial data, which
was processed using ArcGIS 10.3, SAGA (System for
Automated Geoscientific Analyses), and ERDAS IMAGINE
2014 software. Most of the present study was based
on secondary data, particularly the satellite images of
LANDSAT 7 ETM and LANDSAT 8 of the year 2000 and
2017 with a 30 m resolution, as well as Survey of India (SOI)
topographic maps of 1:50,000 scale. LANDSAT satellite
images were used to classify and map landcover changes
using geospatial techniques. The change detection was
carried out using ERDAS IMAGINE 2014 and SAGA software.
Fig. 2 represents the detailed methodology chart, which
was followed to carry out the study. LANDSAT images were
downloaded from the United States Geological Survey
(USGS) website. Table 1 displays the data derived and used
for the analysis.

The toposheets were georeferenced to extract the high
tide line and use it for creating a buffer of 500 m, which
demarcates the extent of the Coastal Regulation Zone of
Salcete taluka.

Image processing and stacking were done in ERDAS
IMAGINE 2014 software. The images were classified into
seven classes, namely sand, agricultural land, barren land,
vegetation, water bodies, fallow land, and built-up areas.
The spectral signature files were developed for each class
to be later used for image classification. The analysis of
landuse and landcover changes was performed using the
Supervised Classification method with training samples for
a more accurate result. Supervised Classification requires
preceding knowledge of the study area and involves

choosing representative training pixels from a pre-defined
classification scheme that will be used with a decision rule
(Misra et al. 2015).

Maximum Likelihood Classifier (MLC) algorithm was
employed to identify the land cover types in ERDAS
IMAGINE 2014. This technique works with the hypothesis
of assigning each pixel to the class for which it has the
maximum likelihood probability (Ayele et al. 2018).
Accuracy assessment, or validation, now has become an
integral constituent in incorporating remotely sensed data
(Congalton 2001). The results of the land use and land
cover change analysis, produced using the Supervised
Classification method, are presented with the Overall
Accuracy and Kappa coefficients. The values obtained
from the accuracy assessment performed using ERDAS
IMAGINE validated the output of landuse and landcover
classification. For both time periods, more than 75%
accuracy was achieved. The data from classified images
was processed and analyzed using Microsoft Excel, which
included the calculation of the area for each class and
preparation of graphs for comparison and understanding
of the changes.

SAGA software was used to detect the changes. SAGA
offers a large number of scientific methods and tools for
processing remote sensing data, including geometrical
preprocessing and spectral filtering techniques, supervised
and unsupervised classification algorithms, as well as
methods for change detection and segmentation for
object-oriented image analysis (Conrad et al. 2015). The
classified images were given as input in SAGA to identify
the changes. The results were mapped using GIS.

Table 1. Data sources and the derived data

Sr.no. Data source Data derived
1. SOl toposheet 48 £/15,48 E/16 (1:50,000) High tide line
LANDSAT 8 image (March, 2017) ) )
2. LANDSAT 7 ETM (March, 2000) LULC, Change detection using SAGA software
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RESULT AND DISCUSSION
Landuse and landcover analysis

Landuse and landcover are dynamic in nature and
are affected by both natural and human factors (Dewan
et al. 2010). The study of landuse and landcover allows
to understand the impact of human interference in
the coastal environment. With the increase in the need
and greed of human beings, the rate of environmental
exploitation has also increased. According to Fabbri (1998),
coastal zones have been exploited by man to a greater
extent for the growth of industry, resource extraction,
tourism, and urbanization, which led to the flourishing of
coastal economies.

The unplanned and hap-hazardous development of
the tourism industry leads to negative land use and land
cover transformations resulting in ecological imbalance
and degradation (Saha and Paul 2020). Similar problems
have been observed along the coastal region of Salcete
taluka with the increase in tourism and development
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activities. Most of the development activities are directly
related to tourism and alter the existing state of landuse
and landcover in the coastal region. After all, coastal
tourism is growing at a very rapid rate, and so is the hap-
hazardous and unplanned development.

The land use and land cover change analysis is
incomplete without the accuracy assessment of the
classified image (MohanRajan et al. 2020). The result of the
accuracy assessment for the classified LANDSAT images
showed an overall accuracy of 95.65% and 96.67%, and
an overall Kappa coefficient of 0.94 and 0.95 for the years
2000 and 2017, respectively. Remote sensing has given the
opportunity to study the dynamics of long-term change
in landuse and land cover (Rahman et al. 2017). The long-
term change assessment of the coastal regulation zone of
Salcete taluka was performed using LANDSAT images for
a period of 17 years, from 2000 to 2017. Fig. 3 represents
the land use and land cover maps based on supervised
classification for these years, while the area distribution for
each class is presented in Table 2.
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Fig. 3. Land use and land cover maps of 2000 and 2017
Table 2. Land use and land cover data for the years 2000 and 2017

Classes 2000 Area (km?) 2000 Area% 2017 Area (km?) 2017 Area% Change difference (%)
Agricultural land 2.99 17.18 1.73 9.94 -7.24
Barren land 321 1845 335 19.25 08
Fallow land 1.49 8.56 1.72 9.89 133
Sand 1.26 7.24 1.29 741 017
Built-up area 0.39 224 0.59 3.39 1.15
Vegetation 6.29 36.15 6.99 40.17 4.02
Water 1.77 10.17 1.73 9.94 -0.23
Total 17.40 100 17.40 100 -
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From the analysis of supervised classification data, it was
found that land features underwent tremendous changes
under the impact of both natural and anthropogenic factors.
The comparative analysis of the years 2000 and 2017 presented
in Fig. 4 shows that there was a decrease in agricultural land
(from 17.18% in 2000 to 9.94% in 2017) and consequently
an increase in fallow land from 8.56% in 2000 to 9.89% in
2017. The drastic change in the area of agricultural land can
be highly associated with the changes in the occupational
patterns amongst the locals as many of them gave their lands
for the development of tourist infrastructure and got involved
in tourism activities themselves.

Infrastructure development is the base of the tourism
industry. It usually gets boosted to attract more tourists,
and when a place gets popularized, to accommodate more
tourists, even more large-scale infrastructure development
takes place. A similar development pattern is observed in the
coastal region of Salcete taluka, with Colva, Benaulim, Majorda,
and Cavelosim being the most crowded beaches, receiving a
large number of visitors every year. With the increasing tourism
activity, built-up areas in the forms of resorts, beach shacks,
restaurants, recreational parks, parking spaces, etc. increased
from 2.24% in 2000 to 3.39 % in 2017. Various permanent and
temporary structures were established on the sand dunes,
such as roads, resorts, hotels, parks, etc.

There was also an increase in the area of barren land.
In the year 2000, barren land covered 18.45% of the area,
which increased up to 19.25% by 2017. However, there has
been a small amount of change for sand (7.24% in 2000
and 7.41% in 2017) and water (10.17 % in 2000 to 9.94 % in
2017).0n the contrary, the area of vegetation has increased
from 6.29 km? to 6.99 km?. The increase in vegetation can
be attributed to the growth of mangroves in the inter-
tidal zone of the Sal River. Small-scale sand bars have

formed at the mouth of the Sal River, which is dominated
by mangrove vegetation. An increase in the area under
vegetation can also be associated with the development
of a commercial coconut plantation. Also, vegetation is
grown for recreational purposes along the 5-star properties
situated in the beach area. According to our personal
perception and the perception of locals, land utilization
pattern has changed over the years towards recreational
purpose.

Field observation also helped in studying and interpreting
the changes along the coast of Salcete taluka. From field
observation, it was noticed that coastal sand dunes were
removed or flattened for the construction of beach shacks/
restaurants. These structures became a source of litter, as can be
seen on the beaches of Colva, Benaulim, etc. The beaches are
losing their intrinsic value. Mass tourism and the development
of tourist infrastructure are the major contributors towards
increasing coastal degradation in Salcete taluka.

Change detection using SAGA software

Balasaraswathi and Srinivasalu (2016) stated that studying
changes in the coastal environment is necessary for coastal
planners to provide efficient management and planning of
the region. SAGA GIS is open-source and easy-to-use software
(Gasparovi¢ et al. 2019). SAGA software was used to detect
the changes in the CRZ of Salcete taluka from 2000 to 2017.
Supervised classification of images from the years 2000 and
2017 was given as input for class-wise change detection. Change
detection using SAGA facilitated the study of changes in landuse
and landcover classes. The land use and land cover change is
shown in Table 3, while Fig. 5 provides a graphical representation
of the changes that occurred over a period of 17 years.
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Fig. 4. Change in the area (in %) of different classes from the year 2000 to 2017
Table 3. LULC Change Detection Matrix for 2000-2017 (Area in km?)

LULC Classes Agricultural land Barren land Built-up area Fallow land Sand Vegetation Water
Agricultural land 0.28 0.03 0.03 0.05 0 0.2 0
Barren land 0.18 0.51 047 0.26 0.02 042 0.1
Built-up area 0 0 12 0 0 0 0
Fallow land 0.13 0.11 048 0.68 0.2 032 04
Sand 0.15 0.58 043 0.08 1.69 043 035
Vegetation 0.82 0.41 0.44 0.29 0.31 342 0.39
Water 0 0 0 0 042 0.31 0.81
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Fig. 5. Representation of LULC changes from 2000 to 2017

Fig.6 represents the change map of the Salcete Taluka
CRZ region over a period of 17 years. The area under
agricultural land underwent minor changes. First of all,
agricultural land became less present in the coastal region
due to the shift in the economic and occupational patterns
(agrarian to tourism) amongst the local people. People
living in coastal regions are mostly dependent upon the
tourism industry and the majority of people work in other
countries. Hence, agricultural activity is limited. However,
0.2 km? of the agricultural land was converted into other
classes, primarily vegetation. The conversion of agricultural
land into fallow land, sand, water, barren land, and built-up
area was negligible.

It was also found that a major part of the barren land
was converted into built-up areas (0.47 km?), which can
be attributed to the development of infrastructure to
support tourism activities. 0.42 km? of land was converted
to vegetation, as in some regions barren land became
utilized for coconut farms or recreation. Meanwhile,
the changes from barren land to other classes, such as
agricultural land, fallow land, water, and sand, are much
lower. The conversion of fallow land into water (0.4 km?)
can be associated with aquaculture activity. In many areas,
especially near Betul, there is an increase in aquaculture
activities due to the increasing demand for fish in the
resorts and other restaurants situated in the coastal region.
The conversion of fallow land into built-up areas (0.48 km?)
might be attributed to the increase in the number of houses
and tourist-related infrastructure. This indicates the shifting
of occupation from agriculture to the tourism industry as
many local people are involved in it directly or indirectly.

Large areas of sand were converted into barren land
(0.58 km?) and vegetation (0.43 km?). The conversion of the
land under sand into vegetation can be associated with
the growth of mangroves at the mouth of the Sal River.
Furthermore, lawns were developed by hotels and resorts
located along the coastal area for recreational purposes.
In addition, sand dunes present in the coastal area were
covered by different types of coastal vegetation, such as

Casurina, Spinifex and Ipomea. 0.35 km? of the area under
sand was converted into water which can be attributed
to the increase in aquaculture activities in the coastal
villages of Betul, Cavelossim, Assolna, etc. The increase in
built-up area (0.43 km?) was due to the growth in tourist
infrastructure on the beach.

Vegetation cover was also converted to agricultural
land (0.82 km?), particularly in the most northern part of
the study area, in the village of Utorda. It is a very common
scenario in coastal areas, where people sell or give away
agricultural land for development purposes and convert
the land under natural vegetation for agricultural use. The
area under vegetation was also converted into built-up
land (0.44 km?) for the development of tourism-related
infrastructure.0.41 km?,0.29 km?, and 0.31 km? of land were
converted into barren land, fallow land, and sand. 0.39 km?
of vegetation area was converted into water, which can be
associated with aquaculture activities. 0.42 km? of water
were converted into sand, which is partially represented by
a sand bar formed at the mouth of the River Sal. There was
also an increase in riverine vegetation such as mangroves,
which relates to the conversion of water to vegetation
(0.31 km?).

Limitations and Suggestions

There are a few limitations associated with the present
work. First of all, there are no proper records of the
infrastructure development taking place in the coastal zone
as some of the constructions are illegal. 30 meters spatial
resolution of LANDSAT images is also a drawback as land
use cannot be identified in detail. Also, there is a lack of data
regarding the number of tourists visiting a beach per day
in order to study the human pressure on the ecosystem.
However, there are also a few suggestions for solving
the existing problems related to human interference.
Firstly, there is a need for adequate monitoring of hap-
hazardous activities and strict implementation of the CRZ
rules and regulations to encounter rising environmental
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problems. Secondly, looking at the mass tourism taking
place along the coastal regions and violations of the CRZ,
the government can come up with alternative tourism
plans such as eco-tourism, wildlife tourism, rural tourism,
agro-tourism, etc. to divert tourist flow to the interior
regions of Goa which will boost the local economy and
reduce pressure on the coastal environment. Thirdly, the
development of sustainable and eco-friendly structures
can be promoted in the coastal zones.

CONCLUSION

From the analysis, it was found that the area divided
into different classes underwent tremendous change under
the impact of both natural and anthropogenic factors. An
extensive transformation within the CRZ of Salcete taluka took
place over a period of 17 years. The results of the accuracy
assessment of the classified LANDSAT images for the years 2000
and 2017 showed an overall accuracy of 95.65% and 96.67%,
respectively. From the results of supervised classification for
long-term changes, it was found that the area of agricultural
land has decreased much higher compared to other classes,
which might be attributed to the change in the perspective of
locals due to the expansion of tourism.

On the other hand, vegetation, barren land, fallow land,
and built-up land showed an increase in the area, while sand
and water area remained the same. The agricultural land
decreased by 7.24%, whereas barren land, fallow land, sand,
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