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Abstract

Mangroves are halophytes that are usually found in the
inter-tidal regions in tropical and subtropical regions.
Lush green and prominent patches of mangroves are
found in Goa, especially in the Mandovi-Zuari-
Cumbarjua estuarine complex. The present study aims
to assess the shoreline changes along the selected
estuaries of Goa and to study the landward migration
of mangroves. OBIA Segmentation techniques have
been implemented to map mangrove ecosystems over
20 years. From the spatio-temporal analysis (2002-
2022), landward migration of mangroves has been
observed in the selected estuaries-Mandovi and Zuari
including Cumbarjua canal. To further understand the
landward migration of mangroves, shoreline analysis
has been carried out using DSAS tool. DSAS analysis
has been carried out with respect to EPR as it is easy
for computation and requires shorelines of two time
periods for analysis.

From shoreline analysis, it has been understood that
the accretion rate is dominant over the erosion rate.
Overall, it has been observed that there is accretion
and landward migration of mangroves, which can be
attributed to the landward shift of mangroves
irrespective of rise in sea level if there is availability of
adequate sediment and landward space. Also
availability of sediments resulting from heavy rainfall
and runoff leads to sedimentation and allows growth of
mangroves.

Keywords: Mangroves, Goa, landward migration, shoreline
change, DSAS.

Introduction

Mangroves: Mangroves are salt-tolerant evergreen forest
ecosystems found in the inter-tidal regions of tropics and
sub-tropics approximately between 32°N and 38°S latitude?.
Mangroves have submerged roots, trunks and branches’.
Mangroves act as carbon assimilators!® as they can store
more carbon than that of the tropical forest ecosystem,
thereby lowering the carbon dioxide concentration in the
atmosphere®,

Identification of mangroves: Mangroves have special
habitat requirements and are usually located in inter-tidal

https://doi.org/10.25303/178da08017

zones and tidally inundated creeks and rivers?: 3,
Mangroves can be differentiated from terrestrial and coastal
vegetation based on tone (red, pale red), association
(mudflats, warm waters, low energy coast) and location
(intertidal areas)?. Mangroves are evergreen forests and
exhibit green properties for the whole year, hence can be
easily identified with visual interpretation*°, Textural and
spectral characteristics of the canopy and leaves are
important characteristics used to differentiate between
mangroves®.

LANDSAT data: Landsat images have been extensively
used to map and to study the coastal land cover giving good
accuracy at different temporal resolution®. The five
advantages of using medium-resolution imageries for
mangrove studies are Landsat Thematic Mapper (TM),
Enhanced Thematic Mapper (ETM+) and Operational Land
Imager (OLI), which are universally used data sets for land
classification. The first advantage is spatial resolution that
ranges from 10m to 30m and can provide spatial extent of
mangrove cover. The second advantage is abundant spectral
bands which facilitate the identification of mangroves. The
third advantage is consistency of the data availability every
half month to 1 month, which helps to observe the mangrove
extent. The fourth advantage is that of long historical records
available at the world level and the fifth is affordability and
easy accessibility of the images'’.

DSAS: Shorelines are dynamic and are defined as a distinct
boundary between land and water?. In the latest times,
remote sensing data has been expansively used in analysing
shoreline change due to their synoptic and recurring
coverage, high resolution, multispectral capabilities and is
cost-effective in comparison to conservative techniques®.
The DSAS has been used extensively to calculate the rate of
shoreline changes. The Digital Shoreline Analysis System
(DSAS) is a GIS-based system developed by the United
States Geological Survey (USGS) and an extension to
ArcMap and was introduced to automatically or manually
generate measurements of transects and metadata based on
user-specified parameters323942,

DSAS is a useful tool that helps in the analysis of historical
trends of the present and past mangrove shoreline position
measuring the changes at the casted transects from a defined
baseline®. This study aims to assess the shoreline changes
along the selected estuaries of Goa and study the associated
migration of mangroves.
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Study Area

The mangrove cover in Goa is approximately 0.5% of the
total mangrove cover of India?*. Mangroves are found along
the estuaries of Terekhol, Chapora, Mandovi, Zuari, Sal,
Talpona, Galgibag and Cumbarjua canal®. Most of the
mangroves in Goa are fringing mangroves bordering the
estuaries and creeks® 28, Figure 1 represents a map of the
study area.

Material and Methods

Materials: To fulfill the aim of the study, LANDSAT data
series have been used. The LANDSAT data for the years
2002 and 2022 of 30 m spatial resolution with 0% cloud
cover are acquired from the USGS website. Table 1
represents a detail listing of the satellite imageries and
associated information. Figure 2 represents the methodology
followed for generating the results.

Delineation of mangroves: The Object-based Image

Analysis (OBIA) utilizes the phenomena of spectral
brightness that is different for pixels representing different
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land cover types?°. The object-based method is composed of
two phases: 1) image segmentation and 2) extraction of
features and classification®: 23 34 37, Segmentation provides
the building blocks of object-based image analysis®. The
image segmentation process is the basic and important step
of object-based image analysis (OBIA). The segmentation
process divides or splits the image into spatially continuous,
mutually disconnected and homogenous regions called
objects based on specified parameters defined by the user,
spectral information and shape which coincide with the
actual spatial pattern®10 252743,

In the current study, the segmentation process has been
carried out using ArcGIS 10.3 software using the Segment
Mean Shift Tool. Mangroves are identified by visual
interpretation techniques viz. location, texture, tone,
association and with the help of high-resolution Google
Earth system. Further validation has been done through
ground truthing. Spatio-temporal analysis of mangroves has
been carried out for the years 2002 and 2022 i.e. for 20 years.
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Table 1
Data derived from satellite images

Data used Date of Path and Total no. of FCC Band Data generated

Acquisition Row Bands Composition
LANDSAT 7 ETM+ | 06/01/2002 147, 49 08 4,3,2 mangrove and
(2002) 15/01/2002 146, 49 shorelines

15/01/2002 146, 50 delineation
LANDSAT 8 OLI (2022) | 30/01/2022 146, 49 11 54,3

30/01/2022 146, 50

06/02/2022 147, 49
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Figure 2: Methodology
Table 2
Band information
Data used Band Information Formula
LANDSAT 7 ETM+ (2002) NIR-4, Green-2
LANDSAT 8 OLI (2022) NIR-5, Green-3 NDWI= Green-NIR/ Green+NIR

Delineation of shoreline and DSAS analysis: Several
studies have used the spectral indices to map the shoreline
and the most important indicator used is the NDWI?.
Shorelines for the year 2002 and 2022 are manually digitized
with the help of the NDWI index. Table 2 shows the bands
used for calculating NDWI.
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DSAS v5.0 is used for shoreline analysis which is an
extension tool of Arc GIS. DSAS calculates gaps between
the shoreline positions during defined periods. This provides
the fundamental data to estimate the shoreline changes®.
The software is designed to aid the shoreline change-
calculation process and also to give a rate of change
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information®. The DSAS requires the following inputs (a)
multiple shorelines of different time series (b) a user-
generated baseline (c) DSAS generates transects which are
cast perpendicular to the baseline at a user-defined spacing.
These transects along the baseline are used to calculate the
rate-of-change statistics. There are various methods to
calculate the shoreline change such as Shoreline Change
Envelope (SCE), Net Shoreline Movement (NSM), End
Point Rate (EPR) and Linear Regression Rate (LRR),
Weighted Linear Regression Rate (WLR), Least Median of
Squares (LMS). In the present study, shorelines for two time
periods are analysed i.e. 2002 and 2022. The current
shoreline analysis involved statistical parameters such as
Shoreline Change Envelope (SCE), Net Shoreline
Movement (NSM) and End Point Rate (EPR)>?2.

Using Arc GIS 10.3 software, the two shorelines (2002,
2022) are merged and a buffer of 50 m was produced to
generate the baseline. A baseline is a reference datum used
in the DSAS model which serves as a starting point to cast
transects at the closest intersection with shorelines using a
simple baseline cast method, crossing through the individual
shoreline vectors and providing statistical measures of
change over time. For generating a baseline in the ArcGIS
geodatabase, five attribute fields are required which include
object ID (a unique number assigned to each transect), shape
(polyline), shape length, ID and cast direction. Similarly, for
shorelines geodatabase, three attribute fields are included
namely- shape length, date and uncertainty.

Transects have been generated at a length of 200 m from the
baseline towards the land with a 50 m spacing interval
between them. Transects generated on the baseline intersect
the shoreline at the specified distance which is used to
calculate shoreline change rates. Further, analysis of the
shoreline changes through processes of accretion and
erosion has been done by basic statistical techniques from
the derived DSAS results.

Results and Discussion

Temporal analysis of mangroves: It has been observed that
over the last 20 years, there has been an increase in
mangrove cover in Mandovi Zuari including Cumbarjua
canal by 14.79 km? and 8.58 km? respectively. Table 3
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depicts the spatio-temporal changes in mangrove cover for
20 years. The increase in mangrove cover can be attributed
to the natural regeneration of mangroves and plantation
drives taken up by the forest department and NGOs. The
mangroves in Goa have increased continuously from 1973
to 2011, with the largest gain occurring from 2006 to 201173,
Chorao island in the estuarine region of Mandovi River has
a thick mangrove cover. In 1988, the Government of Goa
declared this mangrove forest as protected and conserved
and is named Dr. Salim Ali bird sanctuary.

From the maps, it can be identified that there is a landward
migration of mangroves. Figure 3 represents the spatio-
temporal changes in mangrove cover from 2002-2022. In
Mandovi River, Nerul, Ribandar, Patto, Divar Island, Narve,
Calvim, Aldona, Amona etc. have landward migration of
mangroves. Cumbarjua landward migration of mangroves is
observed. To further understand the landward migration of
mangroves, shoreline analysis has been carried out using the
DSAS tool.

Shoreline analysis: End Point Rate (EPR) gives the rate of
change of shoreline movement which is calculated by
dividing the distance of shoreline movement by the time
elapsed between the oldest and the most recent shoreline.
The negative rate values indicate erosion, movement of the
shoreline landwards whereas the positive rate values indicate
accretion i.e. movement of the shoreline towards the
seal323%, In the current study, the oldest shoreline was from
the year 2002 while the most recent shoreline was from
2022. The chief advantage of the EPR is its ease of
computation and minimal requirements for shoreline data
i.e. EPR calculation requires only two shorelines for
computation unlike LRR, WLR and LSM?3,

The EPR is expressed using the following equation 1:
EPR = DI1-D2/ t1-2 (1)

where DI-D2 is the distance between the oldest and
youngest coastlines and t1 and t2 are the dates of the oldest
and youngest coastlines. The EPR parameter gives an overall
change throughout the period since it depends on the oldest
and youngest coastlines®!.

Table 3
Spatio-temporal changes in Mangrove cover (2002-2022)
S.N. River Area in 2002 (km?) | Areain 2022 (km?)
1 Mandovi 10.61 25.4
2 Zuari incl. Cumbarjua Canal 9.35 17.93
Table 4
Shoreline Change Envelope
SCE (Shoreline Change Envelope) in meters
Average Maximum Maximum Distance
Estuaries Distance (m) distance (m) Transect ID
Mandovi 24.65 159.59 133
Zuari including Cumbarjua Canal 18.26 178.22 271
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Figure 3: Temporal changes in mangrove covér from 2002-2022
A) Mandovi river, B) Zuari river including Cumbarjua Canal
Table 5
Net Shoreline Movement
NSM (Net Shoreline Movement) in meters
Maximum Maximum
Positive Maximum Average of Maximum Negative Average of all
Estuaries distance Positive distance all positive Negative distance negative
(m) Transect ID distances (m) | distance (m) Transect ID distances (m)
Mandovi 159.59 133 26.3 -99.97 126 -10.03
Zuari incl.
Cumbarjua 164.67 236 14.54 -178.22 271 -25.15
Canal
https://doi.org/10.25303/178da08017 12
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Table 6

End Point Rate-Accretion
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Accretion- EPR (End Point Rate) in meters/year

Maximum Maximum
No. of % of Overall value of value of Average of all
Total Accretion | Accretion | Accretion (m) Accretion Accretion Accretion
Estuaries Transects | Transects | Transects (2002-2022) (mlyr) Transect ID Rates (m/yr)
Mandovi 1880 1690 89.89 2191.97 7.95 133 1.29
Zuari including 1772 1143 64.5 846.39 8.21 236 0.7
Cumbarjua Canal
Table 7
End Point Rate-Erosion
Erosion- EPR (End Point Rate) in meters/year
Maximum Maximum Average of
No. of % of Overall value of value of all Erosion
Total Erosion Erosion Erosion (m) Erosion Erosion Rates
Estuaries Transects | Transects | Transects | (2002-2022) (mlyr) Transect ID (mlyr)
Mandovi 1880 190 10.1 -95.27 -4.98 126 -0.5
Zuari including 1772 629 35.49 -792.24 -8.88 271 -1.25
Cumbarjua Canal

Net shoreline movement (NSM) is described as the distance
between the oldest and the most recent shoreline along a
transect that has been considered'4. Tables 4, 5, 6 and 7
represent the statistical analysis of shoreline change analysis.

Both river shoreline analyses represent maximum deposition
which can be observed from the difference between number
of transects generated for accretion and erosion respectively.
In the case of Mandovi river, 1690 transects represent
accretion while only 190 transects represent erosion which
are 89.89% and 10.1% of accretion and erosion. Maximum
accretion is 7.95 m/yr while maximum erosion is -4.98 m/yr.
From 2002-2022, overall accretion and erosion noted are
2191.97 m and -95.27 m respectively. Maximum positive
and negative NSM are 159.59 m and -99.97 m respectively.

Out of a total of 1772 transects generated for the Zuari river
including the Cumbarjua Canal, 1143 transects represent
accretion and 629 transects represent erosion which are
64.5% and 35.49% of accretion and erosion respectively.
Maximum accretion is 8.21 m/yr while maximum erosion is
-8.88 m/yr. From 2002-2022, overall accretion and erosion
noted are 846.39 m and -792.24 m respectively. Maximum
positive and negative NSM are 164.67 m and -178.22 m
respectively. Figures 4 and 5 show graphical representation
of EPR and NSM.

Figures 6 and 7 represent the shoreline change and mangrove
spatial extent. Prominent accretion and landward migration
of mangroves in Mandovi River have been observed at St.
Estevam, Vanxim Island, Chorao Island, Salvador-Do-
Mundo etc. In Zuari river, Adpai, Quelossim, Rachol and
Curtorim have prominent accretion and landward migration
of mangroves.
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Mangrove ecosystems being dynamic can migrate landward
when considering the effect of sea level rise’l. However, Xie
et al* stated that there can be an increase in mangrove cover
regardless of sea-level rise if sediment supply is adequate
and landward space is available. Higher rainfall can supply
greater organic matter and detritus-rich fluvial sediment and
hence can increase mangrove productivity and diversity until
a maximum threshold**2,

Mangroves flourish in regions where the annual mean
precipitation is approximately 1500-3000 mm as they
benefit from heavy runoff and discharge from river systems
resulting in sedimentation. These conditions are therefore
likely to lead to increased productivity of mangroves and
changes in diversity, structure and extentS.

Tomlinson*! stated that richer species of mangroves exist
along the regions of high rainfall and heavy runoff leading
to extensive sedimentation.

The overall annual rainfall in the State of Goa based on the
last 30 years' rainfall data is 3483.3mm®. In addition,
accretion has been dominant rather than erosion rate which
can be associated with high rainfall and resultant heavy
runoff causing sedimentation. Hence, it can be concluded
that there is an increase in mangroves along with landward
migration due to sedimentation. The elevation also plays an
important role in the landward migration of mangroves. The
mangroves along the estuaries of Goa are fringing
mangroves that lie in low elevation zones along the estuaries.
Due to low elevation or flat surface, inward migration of
mangroves is likely to occur as there is no obstruction for
inward growth.
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Figure 4: End Point Rate (2002-2022): A) Mandovi river, B) Zuari river including Cumbarjua Canal
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Figure 5: Net Shoreline Movement (2002-2022): A) Mandovi Estuary, B) Zuari Estuary including Cumbarjua Canal
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Figure 6: Shoreline change and mangrove spatial extent in Mandovi Estuary
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Figure 7: Shoreline change and mangrove spatial extent in Zuari Estuary including Cumbarjua Canal

Conclusion

Over the last 20 years, increase in mangrove cover in
Mandovi is by 14.79 km? and in Zuari including Cumbarjua
canal it is 8.58 km?. The increase in mangrove cover can be
attributed to the natural regeneration of the mangroves and
also to the plantation drives taken up by the forest
department and NGOs. The rate of accretion is more

https://doi.org/10.25303/178da08017

dominant than the rate of erosion. Hence, landward
migration of mangroves has been observed in many regions
and can be associated with the dynamic nature of mangroves
and excess sediment supply where mean annual rainfall is
approximately 1500-3000 mm. Low elevation along the
estuaries also favours the inward growth of mangroves due
to no obstruction.
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