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ARTICLE INFO ABSTRACT

The mangrove ecosystem of Sundarbans region plays a significant

Article history: ecological and socio-economic role in both India and Bangladesh. An
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exclusive group of plants, provide many ecological services such as
reducing the impacts of cyclonic storms and gales and minimizing the sea
level rise due to global warming. Sundarbans were facing immense
destruction due to super cyclones during the past years. The present study
investigated the ecological disturbance caused by the cyclone Amphan in
Indian Sundarbans using remote sensing multispectral imagery. The pre
and post-cyclonic Landsat data were analyzed to quantify the damaged
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Keywords: area in Sundarbans due to the effect of the cyclone, Amphan. Normalized
Sundarbans Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI) were used
Cyclone to estimate the vegetative changes or losses that occurred due to the
NDVI cyclone. Normalized Difference Water Index (NDWI), Normalized
EVI Difference Bareness Index (NDBal) and Normalized Difference Salinity
Salinity Index (NDSI)) were the other indices used to study the effects of cyclone.
LST The study found that from pre to post-cyclonic period, mangroves reduced

from 1,851.88 km? to 1,643.74 km? and about 50.18 km? of vegetation
becomes sparse. High salinity values were observed during the post-
cyclonic period which indicated that the super cyclone resulted in
saltwater intrusion. From pre to post cyclone, NDBal results showed an
increase in barren land from 908.13 km2 to 1,365.57 kmZ.

been quantified in terms of its economic value (Akber et al,,
1  Introduction 2018). A scientific study reports that mangrove forests in
the Sundarbans reduced both wind and storm surge
intensity during cyclone Sidr (Paul, 2009; Sakib, 2015). A
rapid rise in sea surface temperature induced by climate
change makes the east coast of India extremely vulnerable
to tropical cyclones (Mishra and Vanganuru, 2020).
According to climate models and observations, tropical
cyclone intensity is expected to increase under future
climate scenarios, making coastal communities more
vulnerable to these natural disasters. However, it is not
possible to stop disasters, but their impacts can be
minimised using a range of management approaches,
(response, recovery, prevention/reduction and
preparedness).

The mangroves are a group of plants with remarkable
ecological importance that mainly inhabit areas that are
washed by the tides. Extensive and deep-rooted system of
mangroves helps in protecting coastline from erosion,
assist in reclaiming land and purify water through their
ability to absorb pollutants, including heavy metals.
Mangrove forests are disappearing at an alarming rate in
many parts of the world as a result of ongoing natural and
anthropogenic activities. Sundarbans is the largest single
patch of mangrove forest in the world, stretching over the
southern coast of Bangladesh and India, offering coastal
protection to millions of people. However, storm protection
provided by this unique mangrove ecosystem has not yet =~ Remote sensing and GIS are efficient and accurate tools to
provide useful information in every phase of cyclone
disaster management (Hoque et al, 2017). An important
contribution of satellite remote sensing is the use of
repeated high spatial resolution satellite images before and
after an event, such as a cyclone, to assess impacts and
monitor recovery progress (Klemas, 2009; Krishnamohan
et al, 2014). In addition, satellite remote sensing can be
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accurately. The study presented here focuses on the
assessment of ecological disturbance caused by cyclone
Amphan in Indian Sundarbans using Geospatial tools. This
study is expected to contribute to the realisation of the
storm protection function of the Sundarbans mangrove
forest and, in turn, influence the conservation policies of
the region. Spectral indices are a good approach to
distinguish land cover types (Rasul et al., 2018). Dutta et al,,
(2015) conducted similar study on ecological disturbance
caused by cyclones of different intensities (eg: SIDR,
Rashmi and Aila) striking the mangrove at different
phonological stages using MODIS Global Disturbance Index
(MGDI) based approach. Simple vegetation indices (Vis)
including Normalized Difference Vegetation Index (NDVI),
Enhanced Vegetation Index (EVI), Leaf Area Index (LAI),
can highlight plant intrinsic properties that are closely
related to leaf greenness and vigour (Baloloy et al., 2020;
Rouse et al.,, 1973). Moisture, vegetation cover, bare areas
and soil condition are essential to analyse the vegetation
health of an ecosystem (Dutta et al, 2020). The present
study analyses different indices such as NDVI, EVI,
Normalised Difference Water Index (NDWI), Normalised
Difference Salinity Index (NDSI) and Normalized Difference
Bareness Index (NDBal) of pre and post cyclonic periods to
analyse the changes that occurred after the super cyclone.
NDVI and EVI are some of the most widely used techniques
to monitor the vegetation (Jaman et al., 2019). Moreira et
al,, (2015) identified the saline-exposed soils, using several
indices of salinity such as Salinity Index (SI), Normalized
Difference Salinity Index (NDSI), and correlated with
electrical conductivity values. Statistical correlations
between electrical conductivity (EC) and remote sensing
spectral indices indicated that the SI correlated most
strongly with EC (Elhag and Bahrawi, 2017).

2 Materials and Methods
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Fig. 1: Study area.

The study was carried out in the Indian part of Sundarbans
which lies between 21° 36" N 88° 0’ E - 22° 38’ N 89° 0’ E,
which is the world’s largest contiguous mangrove forest
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(Fig. 1). Boundaries of Indian Sundarbans Delta (ISD) is
defined by boundaries Ichamati-Raimangal River in the
east, the Hoogli River in the west, the Gulf of Bengal in the
south, and the Dampier and Hodges line drawn in
1829-1830 in the north. The region is susceptible to
cyclonic activity and has a prolonged history of cyclones
hitting the area, resulting in the loss of lives and properties.

2.1 Land Use Land Cover Mapping

Landsat 8 OLI/TIRS images of year 2020 and 2021 were
used for the entire study. Cloud free images of January
2020 (pre cyclone) and April 2021 (post cyclone) were
downloaded from USGS Earth Explorer. All images were
geometrically corrected for pre-processing. Using the
maximum likelihood classification method, supervised
classification was employed to generate Land Use Land
Cover (LULC) maps for the pre- and post-cyclonic periods
of the years 2020 and 2021. Over the last two decades,
supervised maximum likelihood classification techniques
have been used worldwide to study mangrove LULC (Akbar
Hossain et al., 2022). Based on literature reviews and high
resolution imagery from Google Earth as reference data,
6 LULC categories as healthy mangroves, unhealthy
mangroves, water-bodies, aquaculture, agriculture and
plantation with built up areas were identified in the study
area. Random sampling method was adopted for accuracy
assessment (Akbar Hossain et al.,, 2022).

2.2 Calculation of NDVI, EVI, NDWI, NDSI, NDBal

Using the radiance rescaling factors provided in the
metadata file of satellite images, all bands were converted
to top of the atmosphere (TOA) spectral radiance and the
atmospheric corrected images were used for the
calculation of different indices using the equations in Table
1. Zonal statistics was performed for each index with LULC
to evaluate vegetation health of different LULC classes.

Table 1: Formulae used for the calculation of indices.

Index Name Formula

Normalised Difference

Vegetation Index (NDVI) (NIR-RED)/(NIR+RED)

Enhanced Vegetation
Index (EVI)

2.5 x ((NIR-RED)/(NIR+6 x RED -7.5
xBLUE+1))

Normalised Difference

Water Index (NDWI) (GREEN-NIR)/(GREEN+NIR)

Normalised Difference

Salinity Index (NDSI) (GREEN-SWIR)/(GREEN+SWIR)

Normalized Difference

Bareness Index (NDBal) (NIR - TIR)/(NIR+TIR)

3 Results and Discussion

3.1 Patterns of LULC Changes

Six LULC classes were identified in the study area with an
overall accuracy of 85.3% (Ghosh et al,, 2015). Fig. 2 shows



S. Prakash et al.

the representation of the total area of LULC during the
temporal period of analysis.
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Fig. 2: Total area of each LULC class during pre and post cyclone
period.

LULC analysis shows that majority of the vegetated area
had drastically changed after the cyclonic period. Mangrove
area coverage decreased from 1,851.88 km? to 1,643.74
km? and unhealthy mangroves increased from 332.48 km?
to 412.63 km?, indicating that Amphan has caused damage
and fragmentation to the mangrove vegetation. On the
other hand aquaculture decreased from 5.27% to 3.25%
while water-bodies increased from 32.34% to 32.91%
indicating a loss of aquaculture areas due to flooding
(Ghosh et al, 2015). Agriculture area increased from
19.43% of the total area in 2020 to 27.61% in 2021 (an
increase of 42.10%), indicating a shift in the LULC
dynamics. Open forests are being converted to agriculture
in order to maximise yield and are destroyed
uncontrollably to accommodate the surging population,
resulting in a decrease in mangrove habitats (Dutta et al.,
2015). 28% change in plantations with the built up class
occurred from pre-cyclonic to post-cyclonic periods,
indicating that not only vegetative losses occurred, but
human resources were also damaged due to Amphan. Most
of the forest degradation occurred in the western part of
the Indian side, near populated areas and along the path of
the cyclone, including where it made landfall (Mishra et al.,
2021).

3.2 NDVI Patterns in the Study Area

From Table 2, it can be seen that the mean NDVI values for
most of the LULC categories have decreased after the
cyclone. For mangrove forests, the average NDVI values
have declined from 0.3042 in 2020 to 0.043 in 2021
(Table 2), which indicates a decline in the healthy forest
covers and an increase in open patches/non-vegetated
cover (Kamble et al., 2013; Mishra et al.,, 2021; Mondal et
al, 2021). Some studies may conclude unsustainable and
illegal harvesting of forest resources as the major
contributory factor to spatial and temporal changes in the
tree cover of Sundarbans. The temporal NDVI maps of the
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study for pre and post cyclonic period are shown in Fig. 3.
Plantations mapped in the study area exist mostly as
homestead orchards. Plantation with built up areas shows
an increase in NDVI values from 0.1378 to 0.309.

Table 2: Index values for each LULC class during pre and post
cyclonic periods.

Indices
LULC NDVI EVI NDSI
2020 2021 2020 2021 2020 2021
Water- -040 -0511 -0492 -0.610 0.945 0.964
bodiies
Agriculture  0.003 -0.014 0.007 -0.013  0.692 0.711
Mangroves 030  0.043 0509  0.068  0.804 0.762
Plantations
with built 013 0309 0218 0518 0742 0.810
up area
Aquaculture  -0.22  -0.309 -0.294 -0.395 0.862 0.911
Unhealthy 100 136 0282 0216 0.790 0.799
Mangroves
Agriculture  0.003 -0.014 0.007 -0.013  0.692 0.711
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3.3 EVIPatterns in the Study Area

Fig. 3 shows the EVI for pre and post-cyclone which
indicates the richness of vegetation. EVI values declined
after cyclonic events, indicating that almost every part of
the Sundarban mangrove forest was degraded and
fragmented during the cyclone Amphan. A rapid change in
EVI from 0.5099 to 0.0682 was observed in areas with
mangroves and an increase in plantation with built up
areas from 0.2186 to 0.5189. The EVI results also show that
the cyclone had a significant impact on agricultural areas in
the region because this cover is more sensitive than
mangrove vegetation, which has roots that are more deeply
embedded in the soil. There has been an alarming increase
in the rate of change in parts of the western, eastern, and
central Sundarbans. Mishra et al,, (2021) discovered that
the change in the landscape caused by Amphan was
comparably greater in the Indian Sundarbans area (87%)
than in Bangladesh (83%).

3.4 Normalised Difference Salinity Index

Stressed vegetation could be an indirect sign of the
presence of salt in the soils. NDSI values indicate that
salinity increased elsewhere from pre to post cyclone,
except in the mangrove class. The increase in NDSI value
indicated that the cyclone had resulted in a high level of salt
water intrusion even in faraway places from the coastal
line. Sundarban mangroves are extremely resistant to
extreme weather conditions (Giri et al., 2007) and only a
slight difference was observed in NDSI values of the
mangrove class after the cyclonic period.
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Fig. 3: Map of indices (NDVI, EVI, NDWI, and NSDI from top to bottom) for the pre (left) and post (right) cyclonic period.

The highest NDSI values were observed in water-bodies for
both pre and post cyclonic periods. Higher salinity values
indicate greater water stress and less water content (Hunt
Jr and Rock, 1989). LULC pattern study showed a gradual
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decrease in the area of aquaculture, as an increase in
salinity triggers the death of juvenile fishes, resulting in a
decline in this class.
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Table 3: Summary of the LULC classification using NDBal and NDWI during the pre and post cyclone period.

2020 2020-2021
Indices Category
Area (km?2) Area (%) Area(km?) Area (%) Area change % change
NDWI Water-bodies 3084.268 34.29 3211.844 35.71 160.576 -5.20
Water-bodies 5733.49 63.74 5937.56 66.01 -204.07 -3.53
NDBal Vegetation 2352.97 26.15 1691.44 18.80 -661.52 -28.11
Barren land 908.13 10.09 1365.57 15.18 457.44 50.37
T T z T T =
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Fig. 4: Map of NDBal during the pre and post cyclonic period.

3.5 Normalised Difference Water Index

The results of the index can range from -1 to +1. Positive
values are assigned to water features, whereas zero or
negative values are assigned to soil and terrestrial
vegetation features (McFeeters, 1996). Values greater than
0.3 were considered as water-bodies, while negative values
were considered as vegetation, and values between 0 and
0.2 were considered as buildup areas. Water-bodies was
delineated using these values and about 34.29% of the total
area (3,084.268 km?) was considered as water-bodies in
2020. Table 3 shows that the area of water-bodies
increased by 5.20% with an area change of 160.576 km?2.

3.6 Normalised Difference Bareness Index

NDBal values ranged from -1 to +1. Values greater than 0
were demarcated as barren land, -0.25 to 0 as vegetation
and < -0.25 as water-bodies (Chen et al,, 2006). Table 3
shows that the total bare land area obtained from the index
before Amphan was 908.13 km?, which is about 10.09% of
the total area. A significant increase, of about 50.37%, was
observed in barren land after the cyclone. Water-bodies
also increased from 5,733.49 km? to 5,937.56 km? due to
storm surges and water logging accompanied by Amphan.
On the other hand, a large decrease was observed for the
vegetation due to massive destruction and saltwater
intrusion, which converted agriculture and other vegetated

areas to salt marshes, thereby increasing barren lands due
to the cyclone. In the west and north-east part of the Indian
Sundarbans, bareness increased as the super cyclone
passed through (Mishra et al,, 2021).

4  Conclusion(s)

The research aimed to study the impact of the cyclone
Amphan in the Indian Sundarbans using remote sensing
multispectral imagery. It can be concluded that the cyclone
Amphan caused a devastating impact on the landscape in
the Sundarban mangrove ecosystem. NDVI and EVI values
revealed massive fragmentation and degradation of
mangrove plants, resulting in a shift in land cover from
dense to sparse. Barren land extracted from NDBal index
showed that the area of barren land increased by 50.37%
after the cyclone. Salinity indices showed a rapid increase,
which indicated that the super cyclone resulted in
saltwater intrusion. According to the results of the NDWI,
the area of water-bodies increased by 160.576 km?2. More
intensive research is needed to estimate and comprehend
the ecological damage caused by cyclones, as their
frequency and intensity are increasing due to climate
change.
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