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Abstract

Mirya bay (17° 00' 02"N, 73° 16' 50" E), Ratnagiri, Maharashtra State, situated on the west coast of
India, is protected with mountains and rocky ridges on both edges. The bay is characterized by the sandy
beach flanked by rocky ridges at northern side and Mirkarwada fishing harbour at the southern side.
Mirya beach faced major problem of erosion resulting in loss of beach area to substantial levels and
decrease in the width of the beach whereas, Mirkarwada fishing harbor encountered the severe siltation in
the basin as well as entrance channel resulting in navigational and mooring difficulties for fishing
vessels. Present study was carried out to assess the changes along the Mirya bay for the time period from
1989 to 2009 by using different remote sensing and GIS tools along with field and ground truth data.
Digital satellite images of different satellites with different spectral and spatial resolutions were used for
the study. The digital satellite images were analyzed by the ERDAS Imagine 9.1 digital image processing
software. Digital satellite images were preprocessed to curtail geometric, radiometric as well as
atmospheric errors. Different digital image processing techniques were used to map the shoreline for
years 1989, 1999, 2004 and 2009 from respective year satellite imageries. Sequential shoreline changes
were estimated for time intervals between 1989 to 1999, 1999 to 2004, 2004 to 2009 and 1989 to 2009 by
subtraction of respective date binary images derived by different image processing techniques. The Root
Mean Square (RMS) error estimates of temporal satellite images used in the present study ranged from
0.1910 to 0.3255 pixels whereas, the average accuracies of 97.5%, 97.2% and 97.3% were achieved for
shoreline mapping by histogram thresholding, unsupervised classification of multi-spectral images as
well as principal components respectively with good overlapping of mapped shorelines. The Mirya beach
was characterized by net loss of 1.83 ha beach area during 1989 to 2009 pertaining to erosion of 4.91 ha
and deposition of 3.08 ha beach area. The erosion was dominant at the northern side of the beach, while
eroded material was transported towards south and deposited at the entrance as well as at the embayment
of the Mirkarwada fishing harbour. The sedimentation in the Mirkarwada harbour resulted in the
reduction of accessibility and workability of the harbour. The study showed that there is urgent need to
undertake appropriate measures such as formation of small walls or structures to trap the sediment at the
northern part of the beach.
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1. Introduction

Mirya bay (17° 00" 02"N, 73° 16' 50" E), Ratnagiri, Maharashtra, is situated on the west coast
of India. The bay is protected with mountains and rocky ridges on both edges. The bay is
characterized by the sandy beach flanked by Mirkarwada fishing harbour at the southern side
and rocky ridges at northern side. The bay has Mirkarwada fishing harbour providing mooring
and landing space for the mechanised as well as non-mechanised fishing vessels. The
construction work of the harbour was commenced on 1977 and was completed by 1987-88. In
addition to this, the bay has a commercial jetty mostly used for the loading and unloading of
cement material. These harbour structures are protected by breakwater walls at the southern
part of the bay.

Mirya beach is facing problem of severe erosion while Mirkarwada Fishing harbor is facing
siltation and associated navigational difficulties. This erosion of the Mirya Beach is attributed
to the anthropogenic activities undertaken for development. The bay beach is generally
considered stable due to protection supplied from headlands facilitating the retention of
sediment material within the bay. Naturally very less sediments are lost from the beach of a
bay or are recirculated regularly by the natural water currents which are generally termed as
eddy current. Generally, bays are considered to be close systems since dose not enter or leave
the bay systems.
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Large energy or some major physical changes are required to
alter this balance and cause loss of beach sediments.

Natural water currents in the Mirya bay are southward with
eddy currents moving in clockwise direction. The water flows
from northern edge to southern and these currents were found
in relation to the water currents of the west coast of India.
These water current causes movement of sediments in
southern direction. Prior to the construction of Mirkarwada
fishing harbor, commercial harbor and breakwater walls,
these sediment transport was circular and sand was
replenished at the beach, as there were no major obstacles to
stop the water current and sediment transport. But after the
construction of harbors and breakwater walls in the northern
region of the bay, water currents are obstructed by these
structures causing it to slower down. This reduction in water
currents resulted in settlement of sediments in harbor basin.
Thus, sediment Mirya beach faced major problem of erosion
while Mirkarwad fishing harbor is facing sedimentation and
associated  navigational  difficulties.  Government  of
Mabharashtra is spending substantial amount for dredging of
sediments from the harbor basin.

Therefore, it is very important to assess the changes in the
Mirya bay to formulate appropriate management action plan
in order to prevent further erosion of the beach and
sedimentation in the harbor basin. It is necessary to
implement appropriate management action plan for
conservation of coastal resources as well as to ensure
sustainable development of coastal areas with respect to
industries, culture, human settlements and infrastructure.
Availability of detailed and timely information about different
coastal processes, currents, hazards, landforms, coastline
conditions and sediment dynamics of the bay is prime need
for planning as well as implementation of suitable
management action plans.

Methods and tools capable of collection, analysis and
interpretation of multiple coastal data needs to be used to
derive necessary information with minimal loss of manpower,
time as well as money. Remote sensing and geographic
information system (GIS) are important tools available for
gathering, analysis as well as interpretation of spatio-temporal
data required for planning and implementation of
management action plans. Remote sensing satellite images
provide multispectral and multi-temporal datasets for
mapping of shoreline, different features as well as associated
processes. GIS is used as platform for collection, analysis,
interpretation and representation of information gathered from
different sources. Thus, these tools can be utilized to
understand the processes along the Mirya bay and form
appropriate management action plans with minimal use of
time, efforts and money. Therefore, attempts were made to
analyze the changes along the Mirya Bay during past decades
and associate processes using remote sensing and GIS
techniques.

2. Materials and Methods

Study of changes along the Mirya bay were analyzed for the
time period from 1989 to 2009 by using different remote
sensing and GIS tools along with field and ground truth data.
Digital satellite images of study area acquired by various
sensors onboard different satellites with different spectral and
spatial resolutions were used for the study of Mirya Bay. The
multi- spectral digital images of Landsat TM (1989), Landsat
ETM+ (1999), ASTER (2004) and IRS P6 LISS Il (2009)
were analyzed by ERDAS Imagine 9.1 image processing
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software. Ground and field based surveys were also carried
out for collection of Ground Control Points (GCPs) and
ground truth data.
Different digital image processing techniques were used
during the study.

2.1 Image preprocessing

Image preprocessing is performed to curtail the errors in the
digital satellite images. The preprocessing was applied to the
digital satellite data so as to have correct satellite image data
for extracting shoreline changes. The raw digital satellite
image data was first transformed into image format by
importing into ERDAS image processing system. The
imported images were corrected for geometric errors using
GCPs and were then rectified to UTM (Zone 43) map
projection with RMS error threshold of 0.5 pixels.

The geometrically corrected images were then processed to
convert Digital Number (DN) values of images to Top-Of-
Atmosphere (TOA) reflectance. This facilitated the curtailing
of radiometric errors associated with variations in the
radiation due to seasonal variations, atmosphere, etc. In
addition to this, TOA reflectance values represented the ratio
of radiance recorded at the satellite sensor against the
irradiance from the sun. This provided a standardized measure
for direct comparison of digital images acquired by different
sensors onboard different satellites.

The multi-spectral satellite images used were with varying
spatial resolutions because of which the extraction of
shoreline and associated changes was difficult. Therefore, the
all images were transformed to equal spatial resolution by
using single date high spatial resolution image. For this,
reference image was generated from high spatial resolution
image and this image was used to transform all the multi-
spectral satellite images to high spatial resolution. Subsets of
area of interest were then drawn from the corrected images in
order to increase the processing speed and reduce the storage
size of images.

2.2 Digital Image Processing

Multispectral digital satellite images, which were corrected
through different preprocessing techniques were used for
mapping as well as for assessment of erosion and accretion
along the Mirya bay and associated structures. Binary images
were produced through digital image processing to facilitate
ease of shoreline mapping and change detection. (Deekshatulu
and Rajan, 1984; Reddy, 2001; Lillesand et al., 2004) [ 23191,

2.2.1 Image processing techniques employed for Shoreline
Mapping

Different digital image processing techniques were used for
the shoreline mapping, as described below.

2.2.1.1 Histogram threshold

The infrared band of the multi-spectral satellite images shows
higher pixel values for land areas and lower pixel values for
water areas producing superior contrast between land and
water areas in the image. Therefore, land and water areas in
the temporal infrared band images were separated by using
threshold value from transition zone. The pixels with value
above threshold were classified as land and those with lesser
values were classified as water areas. The binary image thus
produced was then multiplied with band ratio images of
GREEN/NIR and GREEN/MIR so as to increase the accuracy
of shoreline mapping (Van and Binh, 2008) 31, Temporal
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shorelines for year 1989, 1999, 2004 and 2009 were extracted
from respective date binary images.

2.2.1.2 Unsupervised classification of mutlispectral images
Unsupervised classification of multi-spectral satellite images
was performed using ISODATA clustering technique to
classify image pixels into several clusters. Then the clusters
belonging to land area in the images were assigned with pixel
value of one and those belonging to water areas were assigned
with pixel value of zero, so as to produce temporal binary
images with land and water classes only. These binary images
were then used for mapping the shoreline positions of year
1989, 1999, 2004 and 2009.
2.2.1.3 Unsupervised classification  of
components

The multi-spectral satellite images were transformed into
principal components to reduce the redundancy of the data.
first three principal components were classified unsupervisely
into several clusters. These clusters were then recoded as
mentioned in section 2.2.1.2 to form temporal binary images.
The shoreline positions for year 1989, 1999, 2004 and 2009
were then mapped from these binary images.

principal

2.2.1.4 Accuracy assessment

The temporal shorelines mapped by different image
processing techniques were tested for accuracy by random
selection of 1000 pixels belonging to land water interface in
the classified binary images. The selected pixels were then
tested against ground truth data as well as visual interpretation
and correctly classified pixels were counted. Chi square test
was applied to correctly classified pixels so as to test the level
of significance in the accuracy of shoreline mapping by
different image processing techniques.

2.1.1 Shoreline Change Detection

Sequential shoreline changes were estimated for time
intervals between 1989 to 1999, 1999 to 2004, 2004 to 2009
and 1989 to 2009 by subtraction of respective date binary
images derived by different image processing techniques. The
pixels with value zero belonged to the no change regions
whereas, pixels with positive values belonged to the areas of
shore accretion and those with negative one value belonged to
the areas of shore erosion. Subtraction of TOA reflectance
MIR bands of temporal images was also performed for
analysis of shoreline changes for the same time intervals. The
pixels with zero pixel values represented the areas of no
change while, pixels with positive pixels values belonged to
the areas of shore accretion and the areas of shore erosion
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were represented by pixels with negative values. The
differences in the temporal shoreline change estimates,
analyzed by different image processing techniques, were
tested for significance by ANOVA test.

3. Results & Discussion

The Root Mean Square (RMS) error estimates of temporal
satellite images used in the present study ranged from 0.1910
to 0.3255 pixels. El-Raey et al. (1999) M reported RMS
errors of 0.9 pixels for the shoreline studies along Egyptian
coast whereas, RMS error of 0.5 pixels was recorded by Frihy
et al. (1998) 1% as well as Van and Binh (2008) 3 during
their shoreline studies using digital image data. The RMS
error reported during present study was lower as that of Wu
(2007) 71 (0.21-0.33 pixels) ensuring the preciseness of
shoreline estimates of the present study.

The average accuracies of 97.5%, 97.2% and 97.3% were
achieved for shoreline mapping by histogram thresholding,
unsupervised classification of multi-spectral images as well as
principal components respectively with good overlapping of
mapped shorelines. The Chi-square test did not revealed any
significant difference (p > 0.05) among accuracy of shoreline
mapping through different shoreline mapping techniques. No
significant difference was revealed by ANOVA test among
the temporal shoreline changes estimated by different
methods (p>0.05). Shreedhar et al. (1997) and Tikekar et al.
(1997) [36. 42 reported plannimetric errors, scale variation and
non-linearity errors of different magnitude during shoreline
studies through manual interpretation on hard copies of
satellite images. Chen and Rau (1998) also reported error of
7.6 to 12.5% during the investigation of shoreline changes by
manual digitizing on multi-spectral satellite images. These
errors were associated with unavoidable human and
instrumental errors. In the present study, shoreline was
extracted by separating land and water areas through different
digital image processing techniques to reduce inevitable
human errors. Ma et al. (2007) achieved overall accuracy of
91.4% in change detection studies by digital image processing
techniques. Moreover, the shorelines mapped using different
digital image processing techniques during present study
showed precise overlapping as Guariglia et al. (2006)
reported perfect overlapping of shorelines obtained by
analysis of satellite image with the shoreline obtained by GPS
survey during shore studies along lonian coast in Bassilicata
Region.

The Mirya beach in the vicinity of Mirya bay, flanked by
rocky ridge at northern side and Mirkarwada fishing harbour
at the southern side, showed substantial changes during 1989
to 2009 as summerised in Table 01 and depicted in Map 01.
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Map 1: Shoreline changes along the Mirya bay

Table 1: Changes along the Mirya Bay

L Shoreline change (ha)
sr. No. Time interval Erosion Deposition Net change
1 1989-1999 4.93 4.32 -0.61
2 1999-2004 3.42 2.92 -0.50
3 2004-2009 3.17 2.45 -0.72
4 1989-2009 4.91 3.08 -1.83

The Mirya beach was characterized by net loss of 1.83 ha
beach area during 1989 to 2009 pertaining to erosion of 4.91
ha and deposition of 3.08 ha beach area. Net loss of 0.61 ha
area was estimated from Mirya beach for the time period
between 1989 to 1999 due to erosion of 4.93 ha area and
accretion of 4.32 ha area. Time period between 1999 to 2004
was characterised by erosion of 3.42 ha area and accretion of
2.92 ha area resulting in net loss of 0.50 ha beach area. The
accretion of 2.45 ha and erosion of 3.17 ha beach area during
2004 to 2009 resulted in net loss of 0.72 ha area from Mirya
beach.

The erosion was attributed to the alteration of water currents
and formation of eddy currents due to construction of
breakwater at opening of Mirya bay. The erosion was
dominant at the northern side of the beach, while eroded
material was transported towards south and deposited at the
entrance as well as at the embayment of the Mirkarwada
fishing harbour. The loss of sand along the beach resulted in
reduction of beach width, while the deposition of the sand in
the harbour vicinity caused formation of sandbar. The eroded
sediments from the northern part of beach were transported to
the southern end along with water currents and were
deposited in the vicinity of Mirkarwada harbor. This resulted
in decrease of water depth in harbor basin and entrance
creating navigational difficulties as well as accessibility
problems for the vessels. The sandbar was also observed at
the entrance of the harbour which was reduced during 2004 to
2009. The loss of Mirya beach area due to erosion was also
recorded by lyer (2004). Tikekar et al. (1997) 2 recorded
sedimentation in the vicinity of Mirkarwada Fishing harbour
and predicted navigational as well as mooring hindrances in
the harbour.

The changes along the Mirya bay may be attributed to the
alteration of water currents due to construction of harbour and
associated structures at the northern edge of the bay. This
resulted in the alterations of the water currents in the bay and
formation of eddy flow pattern in the bay. Rajawat et al.

(2004) 2 also reported formation of eddy currents due to
construction of breakwater walls and associated shoreline
changes in the different regions of the Kerala.

The changes associate with construction of breakwater walls
and ports at different regions were recorded by several
workers. Bezerra et al. (2007) [ reported sand deposition in
the vicinity of Mucurip port resulting in formation of Mansa
beach in the basin and navigational difficulties. Frihy et al.
(1998) [ reported deposition along the jetty at the entrance
of Suez Canal due to blockage of eastward longshore sand
transport. Azab and Noor (2004) ! reported sand deposition
at the western side of the jetties due to obstruction to
transportation of sediment in the southeast direction. They
also reported erosion from eastern tip of Port Said head land,
eastward movement of sediment and deposition at the
embayment of Tineh bay. Wu (2007) 71 also reported
reduction in the life span of the Port de I’ Amitie harbour due
to accumulation of the sand and predicted 13 years life for the
harbour if protective measures are not undertaken. The
deposition in the Mirkarwada harbour resulted in the
reduction of accessibility and workability of the harbour. The
sand dredging and extraction was undertaken by the
Government of Maharashtra in the basin as well as at the
entrance channel of the Mirkarwada harbour. This resulted in
disappearance of sandbar at the entrance during 2004 to 2009
facilitating reduced navigational hindrances for the vessels
and increased the workability of the harbour.

4. Conclusion

The study revealed erosion of Mirya beach resulting in
reduction of beach area. The eroded material was transported
southward with water currents and it was deposited in the
vicinity of Mirkarwada Fishing harbor which resulted in
navigational difficulties for fishing vessels. The study showed
that there is urgent need to undertake appropriate measures
such as formation of small walls or structures to trap the
sediment at the northern part of the beach. Moreover,
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nourishment of the beach with sand which may be dredged
from harbor basin or the other parts of the bay.
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