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ABSTRACT

Wetlands, which are either periodically or permanently inundated by water, play a crucial role in our 
ecosystems. They aid in flood control, recharge groundwater, preserve biodiversity, improve water 
quality, and help to manage climate change. Coastal wetlands are particularly important as they sup-
port habitats, reduce erosion, and encourage tourism. However, rapid pace of urbanization and indus-
trialization has resulted in significant degradation of these vital areas. Remote sensing and GIS tech-
nologies are helpful in identifying, mapping, and assessing wetland changes, essential for sustainable 
water management. This study aims to assess the long-term changes in India’s major coastal wetlands—
Mumbai-Thane Creek (Maharashtra), Mandovi-Zuari Estuary (Goa), Aghanashini Estuary (Karnata-
ka), Vembanadu Lake (Kerala), Vedaranyam Swamp (Tamil Nadu), Pulicat Lake (Andhra Pradesh), 
and Chilika Lagoon (Odisha)—using the global surface water dataset (1984–2015), Landsat imagery, 
and GIS tools. The findings suggest varied trends for wetlands: Mumbai-Thane Creek and Mando-
vi-Zuari Estuary shrank by 8.7% and 0.1%, respectively, while Aghanashini Estuary and Vembanadu 
Lake increased by 3.8% and 1.8%. Chilika Lagoon noted the highest increase, i.e., 0.9% (1,417 Ha of 
permanent water). Vedaranyam Swamp and Pulicat Lake presented nominal changes. The changes are 
influenced by seasonal flooding, beach accretion, and mangrove growth. The study emphasizes the 
crucial role of geoinformatics in monitoring wetland status and offers valuable insights for sustainable 
wetland management. The study highlights the importance of targeted environmental policies to pro-
tect India's coastal wetland ecosystems and supports decision-making for urban planning, fisheries 
development, aquaculture, hydrology, and the protection of biodiversity.

Cite this article as: Maheriya RG, Patel BB. Long term changes of the major coastal wetlands of 
India using global surface water datasets. Environ Res Tec 2025;8(4) 843-855.

INTRODUCTION

Wetlands are regions where water is found, either on a per-
manent or temporary basis, and can be either vegetated or 
non-vegetated. They are found both inland and along coast-
lines, they act as crucial interfaces between land and water. 
Historically, wetlands have supported civilizations by provid-
ing water resources. As one of the most productive ecosys-
tems, they contribute to eco-hydrological sustainability and 
offer essential resources such as food, biodiversity, drinking 
water, recreation, and climate stabilization [1–4]. Wetlands 
provide drinking water, fish, fodder, fuel, and wildlife hab-

itat, while also controlling runoff, buffering shorelines, and 
offering recreational opportunities. [2, 5]. They recycle nu-
trients, purify water, reduce floods, preserve stream flow, and 
replenish groundwater. Often called the "kidneys of the land-
scape," wetlands also store water, retain nutrients, sequester 
carbon, and support plant growth [1, 6, 7].
Wetlands are identified and mapped using a variety of satel-
lites using remote sensing and geographic information sys-
tems (GIS). The advantage is that the earth surface and sub-
surface data can be covered within a short time for accessing, 
processing, and monitoring the long-term changes [8–14].
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Wetland conservation requires effective environmental man-
agement, regular updates of Ramsar sites in India, and scien-
tific, technical, and socio-economic co-operation. The UN's 
17 Sustainable Development Goals (SDGs) address critical 
issues such as energy, consumption, poverty, health, and cli-
mate change. Wetlands are vital for achieving several of these 
goals, especially SDG6 (clean water and sanitation), SDG13 
(climate action), and SDG14 (life below water). Coastal wet-
lands act as natural water filter, conserve resources, and en-
hance access to clean water (SDG 6). They play a vital role 
in climate action (SDG13) by sequestering carbon and re-
ducing the effects of rising sea levels and extreme weather. 
Furthermore, they safeguard marine biodiversity and sustain 
coastal ecosystems, which aligns with SDG14. A significant 
challenge in decision-making is the lack of scientific data on 
natural resources impacted by human and environmental 
factors [14–17].
Numerous studies based on GIS and RS have provided sig-
nificant information about wetland and shoreline changes, 
climate impacts, and vulnerability assessments in a variety 
of geographic and ecological contexts. Wetland and coastal 
ecosystems are increasingly vulnerable to climate and hu-
man pressures. Mishra et al. [18] studied tidal inlet morpho 
dynamics in Chilika Lake, while Acharyya et al. [19] studied 
Cyclone Fani’s impact on its morphology. Lehner et al. [14] 
rationalize the global lakes and wetlands database for better 
conservation assessments. Cyclonic impacts have caused de-
forestation and shoreline changes in the Sundarban and Bhi-
tarkanika mangroves [18]. Paul et al. [20] and Mishra, Guria, 
et al. [21, 22] emphasized erosion risks in cyclone-prone ar-
eas. Remote sensing studies by Queiroz et al. [23] and Mish-
ra, Santos, et al. [24] highlight the key role of geospatial tools 
for wetland conservation and management.
Zhang et al. [5] studied climate change impacts on wetland 
changes in the Tibetan Plateau. Hossen and Sultana [25] 
used the digital shoreline analysis system (DSAS) technique 
to assess the shoreline changes on Saint Martin Island, Ban-
gladesh. Mabwoga and Thukral [26] evaluated the ecosystem 
degradation in Harike wetland, India, using Landsat data. Ja-
cintha et al. [27] studied wetland dynamics along the Chen-
nai coast with geospatial tools. Dutta et al. [28] evaluated and 
quantified shoreline variations in the Hooghly estuary using 
Landsat data and DSAS, while Nandi et al. [29] predicted 
shoreline chanes on Sagar Island, West Bengal. Mahapatra 
et al. [3, 30] tracked shoreline changes along South Gujarat’s 
coast and assessed coastal vulnerability. Dehadrai et al. [31] 
provided early insights into tidal impacts on the Zauri and 
Mandovi estuaries.
The studies indicate a significant global surface water loss, 
especially in the Middle East and Central Asia, caused by 
human activities and climate change [32]. Coastal erosion 
is exacerbated by human activities and rising sea-levels [8]. 
Pulicat Lake is experiencing a swift decline due to urban de-
velopment, industrial growth, and loss of forest cover [33]. 
These studies underscore the necessity of tackling both nat-
ural and human-induced threats in wetlands, highlighting 
the critical role of geospatial tools in managing wetland and 

shoreline changes.
Indian coastal wetlands play a significant role in conserv-
ing biodiversity, reducing the effects of climate change, and 
protecting coastal communities from natural calamities. 
However, urbanization, industrialization, invasive species, 
and climate-induced sea level rise brought serious threats to 
habitat degradation and biodiversity loss [18]. Industrial ac-
tivities degrade the ecological health, while rising sea levels 
disrupt their protective functions [34, 35]. Integrated con-
servation strategies are essential to safeguard these wetlands 
for environmental sustainability and the resilience of human 
populations [21, 22].
Coastal wetlands can be monitored over an extended pe-
riod of time using the global surface water (GSW) dataset, 
which is derived from Landsat imagery and records surface 
water changes from 1984 to the present. Its global datasets in 
30-meter resolution offer comprehensive insights into both 
seasonal and permanent water changes, which are crucial 
for comprehending how anthropogenic activity and climate 
change affect wetlands. It is a useful tool for resource con-
servation planning, policy development, and climate impact 
assessments because of its temporal and spatial changes [21].
This study aims to assess the long-term changes in major 
coastal wetlands of India, such as Mumbai-Thane Creek in 
Maharashtra, Mandovi-Zuari Estuary in Goa, Aghanash-
ini Estuary in Karnataka, Vembanadu Lake in Kerala, Ve-
daranyam Swamp in Tamil Nadu, Pulicat Lake in Andhra 
Pradesh, and Chilika Lagoon in Odisha. By utilizing the 
Global Surface Water (GSW) dataset (1984-2015), Landsat 
imagery, and GIS tools such as ArcGIS, the study evaluates 
the changes in the wetland ecosystems over time. The out-
comes are intended to support decision-making for sustain-
able coastal wetland management and conservation strate-
gies.

MATERIALS AND METHΟDS

Selected Study Area
The present study assesses the long-term changes in major 
coastal wetlands in India. Figure 1 illustrates the locations 
of these major coastal wetlands assessed in the study. Table 1 
highlights the key features of identified wetlands.
The methodology provides a robust framework for assess-
ing the long-term changes in coastal wetlands, obtaining the 
GSW datasets, comprehensive classification techniques and 
accuracy assessment. The integration of spatial and temporal 
analyses ensures a detailed understanding of wetland chang-
es over the past three decades.

Data Acquisition
The global surface water (GSW) dataset was used in this re-
search, it shows the distribution and the seasonality of sur-
face water. The GSW dataset was developed from satellite 
imagery of Landsat 5, 7 and 8 from 1984 to 2015. Figure 2 
depicts the Landsat image (Year 2015) of the identified seven 
major coastal wetlands. Each pixel in the dataset was catego-
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rized as water body, land or non-valid observations using an 
expert system of classifiers. Surface water changes were cap-
tured in the dataset at a resolution of 30 m over a period 32 
years. Main parameters assessed are water occurrence, sea-
sonality, recurrence, transition, and maximum extent. These 
parameters are significant for assessment of the spatial and 
temporal changes in the surface water due to natural factors, 
human activities and other environmental aspects.

Pre-Processing
The datasets indicating the various parameters that affect the 
changes in the areal extent of the water bodies under study 

were processed and analysed using the ArcGIS tools. Initial-
ly, the features of the areas under study were extracted by 
using the “Extract by Mask” option under the Spatial Analyst 
tools. For those study areas that were present in more than 
one dataset, the rasters were combined using the “Mosaic to 
New Raster” option under Data Management tools. After 
obtaining the desired study area as a single raster dataset, its 
value and count were calculated using the “Calculate Statis-
tics” option under “Raster Properties” in Data Management 
tools. The respective layers were then classified into their re-
spective classes based on the percentage that was calculated 
from the statistics of the respective layer.

Figure 1. Selected study area i.e., major coastal wetlands of 
India (Wetlands included for the study are highlighted in 
rectangle) 1: Mumbai-Thane creek, 2: Mandovi-Zuari estuary, 
3: Aghanashini estuary, 4: Vembanadu Lake, 5: Vedaranyam 
swamp, 6: Pulicat Lake, 7: Chilika Lagoon

Classification
The unified raster dataset was classified into respective class-
es based on the percentage values derived from the calculat-
ed statistics. The classification process adhered to the follow-
ing metrics:
•Occurrence:  The global surface water occurrence (SWO) 
provides information on water dynamics from 1984 to 2015, 
capturing intra and interannual variability. To compute 
SWO, the water detections (WD) and valid observations 
(VO) from the same months are summed, so that SW month 
= ∑WD month / ∑VO month. Averaging the results of all 
monthly SW month calculations gives the long-term overall 
surface water occurrence. 
•Seasonality: The seasonality map shows water surface in-
formation annually, dividing permanent and seasonal wa-
ter. Permanent water remains underwater, while seasonal 
water appears for less than 12 months. Ice-covered lakes are 
non-valid observations. Seasonality is calculated annually.
•Recurrence: It measures water surface behavior and fre-
quency, mainly on temporal variability. It defines a 'water 
period' for each pixel, identifying water seasons based on 
monthly recurrence. Water recurrence is calculated as the 
ratio of water years to observation years.
•Transition: It deals with seasonal changes in water seasonal-

Wetland Name Key Features

Mumbai-Thane Creek A coastal inlet along the Arabian Sea, formed due to a seismic fault. Rec-
ognized as a bird zone for migratory birds and flamingos.

Mandovi-Zuari Estuary
Located in Goa, includes Mandovi and Zuari rivers. Monsoon-induced 

changes affect salinity, pH, turbidity, dissolved oxygen, and other param-
eters [36].

Aghanashini Estuary Found in Karnataka, this estuary flows through the Western Ghats with-
out dams, maintaining its pristine state. Merges with the Arabian Sea.

Vembanad Lake India’s largest water body located in Kerala, nourished by 10 rivers. Fea-
tures mangroves, lagoons, and reclaimed lands.

Vedaranyam Swamp Situated in Tamilnadu, includes eco-sensitive mangroves, tidal streams, 
and lagoons. Houses the Muthupet Lagoon and wildlife sanctuary [37].

Pulicat Lake India’s second-largest brackish water lake, spanning Andhra Pradesh and 
Tamil Nadu. Home to diverse ecological zones and bird sanctuaries.

Chilika Lagoon The largest brackish water lagoon in India, located in Odisha. Known for 
its ecological importance and tentative UNESCO status.

Table 1. Key features of identified wetlands
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ity between observations and identifying three water classes: 
not water, seasonal water, and permanent water. It utilizes 
thematic maps and temporal profiles to identify transitions, 
comparing each year with the annual pattern for monthly 
recurrence. The overall confidence level is determined by the 
annual sum of monthly long-term recurrences.
•Maximum Extent:  The global surface water maximum wa-
ter extent provides information on all the locations ever de-
tected as water over a 32-year period (1984-2015).

Accuracy Assessment
Accuracy assessment plays a crucial role in ensuring reliable 
classification results. Independent validation samples were 
utilized to evaluate the accuracy of water and non-water 
classifications. A confusion matrix analysis was performed 
to compare the classified results with reference data, gen-
erating key metrics such as overall accuracy, producer’s ac-
curacy, user’s accuracy, and kappa statistics [27]. Threshold 
settings were carefully recognized to reduce misclassification 
errors, ensuring the water and non-water categories. More-
over, temporal validation was done to verify the consistency 
of classifications across multiple time intervals, ensuring that 
the results were robust and reflective of long-term trends. 
This comprehensive approach strengthens the reliability of 
the study's findings.

Wetland Change Detection
Wetland change detection is one of the fundamental appli-
cations in imagery and remote sensing. It is the comparison 
of multiple raster datasets, typically collected for one area at 
different times, to determine the type, magnitude, and loca-
tion of change. Change can occur because of anthropogenic 
activity, abrupt natural disturbances, or long-term climato-
logical or environmental trends. The output from change 
detection is a difference raster where each pixel contains the 
type or magnitude of change. When comparing thematic 
land-cover rasters, the result contains information about the 
type of change that occurred. The geoprocessing tools in the 
change detection toolset allow you to perform simple change 
detection between raster datasets. You can also use the com-
pute change raster function to perform change detection in 
real time between two raster datasets.
The methodological approach used in the GSW dataset have 
several similarities with recent coastal changes studies but 
also differ in their specific focus and approach. Santos et al. 
[38, 39] employ multi-decadal remote sensing assessments 
and sea-level rise scenarios to predict future coastal evo-
lution, aligning with GSW dataset long-term observation 
framework but with a focus on regional sea-level rises and 
vulnerability.
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Figure 2. Landsat images of identified seven major coastal wetlands of India ((a) Mumbai-Thane creek, (b) Aghanashini estuary, 
(c) Vembanadu Lake, (d) Pulicat Lake, (e) Mandovi-Zuari estuary (f) Vedaranyam swamp, (g) Chilika Lagoon)
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Similarly, studies along the Digha coast [20]  and Odisha 
coast [40], [41] employed remote sensing and statistical 
tools to analyse shoreline changes, erosion, and accretion, a 
focus that complements the GSW datasets detailed temporal 
metrics of surface water occurrence and recurrence. GSW 
dataset recurrence and transition maps offer broader-scale 
insights into water variability, which could enhance the lo-
cal-scale analyses done by these studies. Additionally, while 
the GSW datasets assesses water changes over large areas and 
decades, studies emphasis on the response of specific coastal 
regions to both natural and anthropogenic factors, often in-
tegrating statistical and GIS-based methods to model shore-
line changes and socio-ecological risks [41], [42]. Together, 
these studies highlight the important roles of global water 
datasets and localized research using remote sensing and 
geospatial tools for inclusive coastal management

RESULTS 

GSW dataset are analysed for the major coastal wetlands of 
India to study the changes that have undergone from 1984 

to 2015. The statistical parameters estimated under the pres-
ent study are seasonality, transition from permanent water 
to land area (net decrease in water area) and land area to 
permanent water (net increase in water area), increase in 
surface water occurrence above 75%, and decrease in surface 
water occurrence above 75%. Figures 3 to Figure 5 show the 
parameters in pixel count for each wetland system based on 
GSW datasets are analysed. Table 2 highlights the summary 
of the identified major coastal wetland area analysed along 
with its observations as well as its probable reasons for wet-
land shrinkage and increase.
Around 4,262 ha of the wetland region of the Mumbai-Thane 
creek is analysed. Figure 3 (a,b) shows the extent and transi-
tion from GSW dataset for the Mumbai-Thane creek system. 

Sr. 
No.

Name of 
wetland 

Area Analysed 
(Ha)

Net decrease 
in wetland 
area (Ha)

Net increase 
in wetland 
area (Ha)

Main 
observations 
for wetlands

Probable Reasons

1
Mum-

bai-Thane 
creek

4,262 684 315 Shrink (-8.7%)
Construction of harbour and 
growth of intertidal zone and 

mangroves

2
Mando-
vi-Zuari 
estuary

15,428 653 636 Shrink (-0.1%)
Construction of harbour and 
growth of intertidal zone and 

mangroves

3 Aghanashini 
estuary 4,207 133 293 Increase 

(+3.8%)
Conversion of land near the 
river into aquaculture ponds

4 Vembanadu 
Lake 31,812 151 731 Increase 

(+1.8%)

Recovery of land for expan-
sion of settlements and other 

purposes

Seasonal cultivation of fishes, 
prawns and other aquatic 

organisms

5 Vedaranyam 
swamp 34,692 684 315 Shrink (-1.1%)

Construction of harbor and 
growth of intertidal zone and 

mangroves

6 Pulicat Lake 58,619 13 9 Shrink (-0.0%) Construction activities

7 Chilika La-
goon 108,296 480 1,417 Increase 

(+0.9%)

Fluctuating rainfall patterns, 
converted permanent water 
area to seasonal and growth 

of intertidal zone

Table 2. Major coastal wetland area analysed along with its major observations and probable reasons
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Figure 3.Mumbai-Thane Creek system (a) Extent and (b transition

Figure 4.Mumbai-Thane Greek (a) Transition from GSW datasets, (b) Landsat image of 2015 and (c) Landsat image of 1991
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The Mumbai-Thane creek is observed to shrink in volume 
with respect to the decrease in permanent wetland area (Fig-
ure 4). The increase in wetland area is observed to be around 
315 ha, while the net decrease in wetland area is 684 ha. The 
net decrease in permanent wetland area is mainly due to the 
construction of harbours and the growth of intertidal zones 
and mangroves.
The assessment focused on about 4,207 ha of the Aghanash-
ini River wetland region. Figure 5 (a,b) gives the extent and 
transitions noted in the GSW datasets for the Aghanashini 
River. The analysis reveals a net increase of 293 ha in per-
manent wetland area, while 133 ha of net decrease in wet-
land area. This increase in the new permanent wetland area 
is primarily due to land conversion into aquaculture ponds 
near the river.
The study analyzed approximately 31,812 ha of the Vem-
banadu Lake wetland region. There is a dynamic change in 
the waterbody's extent over time. There was an increase of 
around 731 ha in new permanent wetland area, while 151 ha 
of net decrease in permanent wetland area, as mentioned in 
Figure 5 (c,d). The net decrease in permanent wetland was 
mainly due to land reclamation for settlements and other 
purposes, while the increase in water bodies was attributed 
to the seasonal cultivation of fish and other aquatic organ-
isms.
The study assessed nearly 58,619 ha of the Pulicat Lake wet-
land area. Figure 5 (e,f) depicts the extent and transitions 
observed in the GSW dataset for the Pulicat Lake. The lake 
observed a decrease in its volume, with a net increase in wet-

land area of around 9 ha and a net decrease in wetland area 
of 13 ha. Overall, there was a net decrease of 4 ha of wetland 
area during the study period.
In the Mandovi-Zauri Goa wetland region, covering around 
15,428 ha, Figure 5 (g,h) shows the extent and transitions 
noted in the GSW dataset. Similar to Pulicat Lake, the Man-
dovi-Zauri Goa region experienced a reduction in wetland 
area. There was a new wetland area of nearly 636 ha, while 
653 ha of wetland area were lost. This lost was primarily due 
to harbor construction, intertidal zone growth, and man-
grove expansion. The net decrease in wetland area during 
the period was 17 ha.
The analysis of the Vedaranyam wetland area, about 34,692 
ha, is shown in Figure 5(i,j). The creek observed a decrease 
in its volume, with a new wetland area of around 315 ha 
and a decrease of wetland area of 684 ha. This decrease was 
noted due to harbor construction, intertidal zone growth, 
and mangrove expansion. The net decrease in wetland area 
during the period was 369 ha.
Finally, the Chilika Lake wetland region, covering around 
108,296 ha, displayed a reduction in wetland area, as shown 
in Figure 5(k,l). There was a net increase in wetland area of 
nearly 1,417 ha and a decrease in wetland area of 480 ha. The 
decrease in wetland was primarily driven by changing rain-
fall patterns, leading to the conversion of permanent water 
areas to seasonal areas, as well as the growth of the intertidal 
zone. The net decrease in wetland area during the period was 
937 ha. 
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Figure 5.Extent and transition of identified coastal wetlands of India (a,b) Aghanashini estuary, (c,d) Vembanadu Lake (e,f) 
Pulicat Lake, (g,h) Mandovi-Zuari estuary (i,j) Vedaranyam or Point calimere or Cape calimere swamp, (k,l) Chilika Lagoon
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ENHANCED DISCUSSION 

The analysis of major coastal wetlands in India determines 
the varied impacts of both anthropogenic and natural fac-
tors on water dynamics, which have resulted in significant 
changes to wetland areas across the country. These chang-
es are noted human factors such as construction projects, 
tourism activates etc. and natural environmental factors like 
changing rainfall patterns and storm events. The results sec-
tion covers the major coastal wetland areas assessed with its 
observations and potential reasons for wetland shrinkage or 
increase. By integrating insights from several studies, it can 
better to understand the drivers of these changes and their 
implications on wetland ecosystem.
Mumbai-Thane Creek (4,262 ha) and Mandovi-Zuari Es-
tuary (15,428 ha) both show a net decrease in wetland area 
by 8.7% and 0.1% due to construction activities, especially 
harbour development. These findings align with the work of 
Santos et al.[38], who emphasized how coastal evolution and 
sea-level rise scenarios in Conde County, Brazil, also pointed 
to the impacts of harbour development and other infrastruc-
ture projects on wetland areas. Furthermore, the growth of 
intertidal zones and mangroves helped to maintain some 
ecological balance, is a common observation across several 
wetlands, reinforcing the importance of natural restoration 
mechanisms in mitigating human impacts [18, 20].
Aghanashini Estuary (4,207 ha) gives an interesting case of 
wetland area increase by 3.8% due to the conversion of land 
for aquaculture. This phenomenon, similar to findings from 
Acharyya et al. [19] on the impact of land use changes on the 
Chilika Lake's ecology, highlights how aquaculture can lead 
to an increase in water bodies while also changing local eco-
systems. The change, however, often comes with long-term 
ecological trade-offs, as aquaculture ponds can disrupt the 
natural hydrology and biodiversity of wetlands.
Vembanadu Lake (31,812 ha), which has experienced both 
shrinkage (1.8%), demonstrates the dual nature of hu-
man-induced changes. Expansion of settlements and other 
infrastructure, as well as the seasonal cultivation of aquatic 
species, have led to increases in water area [34]. This mirrors 
the findings from Mishra et al. [40] on Odisha’s coast, where 
human activities have resulted in fluctuating shoreline dy-
namics. Additionally, mixed responses to wetland changes, 
such as those seen in Vembanadu, are also observed in stud-
ies of other Indian wetlands, where both ecological recovery 
and degradation are occurring simultaneously.
Vedaranyam Swamp (34,692 ha) and Pulicat Lake (58,619 
ha) both show shrinkage in wetland area, primarily attribut-
ed to harbour construction and other anthropogenic activi-
ties. These observations align with the results from studies 
on cyclone impacts  by Mishra, Acharyya, et al. [19], [34] 
and shoreline erosion, like in the case of Puri’s coastline [42], 
where the construction of infrastructures like ports has led 
to major erosion and loss of wetland. Furthermore, natural 
factors like cyclone damage have resulted these losses, as 
seen in the rapid impact assessments of Cyclone Fani [19] 
and Cyclone Yaas [43], which have also led to the destruction 

of wetland vegetation cover and further exacerbated shore-
line erosion.
Chilika Lake (108,296 ha) demonstrates the most dynamic 
changes i.e. increase in 0.9%, with fluctuating wetland area 
due to both natural and anthropogenic factors. The changing 
rainfall patterns and growth of intertidal zones have altered 
the lagoon's hydrology, transitioning permanent water areas 
into seasonal ones. Similar observations have been made 
in the long- and short-term tidal inlet morphodynamics of 
Chilika Lake [18], where storm events and changing tidal 
regimes have dramatically affected its wetland extent. The 
lagoon's vulnerability to both climate change and human ac-
tivities underscores the need for effective management strat-
egies to balance ecological conservation and development.
This study clearly indicates that wetland changes affected by 
the human development activities like infrastructure project 
construction and aquaculture have led to significant changes 
in the water area of Indian wetlands. At the same time, natu-
ral phenomena like cyclones and seasonal changes in rainfall 
also play a vital role in shaping wetland dynamics. As studies 
such as those by Mishra et al. [21], Santos et al. [35], Ngonid-
zashe Mangoro et al. [44], and Paul et al. [20] have shown, 
understanding the complex interaction between these fac-
tors is essential for developing sustainable management 
strategies that can protect and restore these valuable ecosys-
tems. Efforts must focus not only on reducing anthropogenic 
pressures but also on enhancing the resilience of wetlands to 
climate change and extreme weather events.

CONCLUSION

The study assesses a long-term change of major coastal wet-
lands of India, using the global surface water (GSW) dataset 
(1984–2015), Landsat images, and ArcGIS software tools. 
The study highlights the application of remote sensing for 
environmental monitoring. The methods included are data 
pre-processing, classification, and accuracy assessments. The 
findings highlight significant spatial and temporal changes 
over 32 years of the study period, with shrinkage in Mum-
bai-Thane Creek and Mandovi-Zuari Estuary by 8.7% and 
0.1%, respectively, due to urbanization and hydrologi-
cal changes. In contrast, natural processes like mangrove 
growth and seasonal flooding increase in the Aghanashini 
Estuary and Vembanad Lake by 3.8% and 1.8%, respectively, 
with Chilika Lagoon recording the highest gain in 0.9%. No 
changes in the Vedaranyam Swamp and Pulicat Lake were 
noted due to localized stability.
The study emphasizes the benefits of remote sensing datasets 
in the evaluation of wetland changes over extended periods, 
which can be a cost-effective approach for ecosystem as-
sessment. However, limitations like image resolution, cloud 
cover interference, and challenges in extensive ground-based 
validation for wetland. These results suggest the critical eco-
logical roles of coastal wetlands in biodiversity conservation, 
flood regulation, and climate mitigation while highlighting 
growing threats of urbanization, industrialization, and cli-
mate change. By integrating geospatial tools, the study high-
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lights the need for informed environmental policies and sus-
tainable wetland management strategies, offering actionable 
insights for policymakers, urban planners, and conserva-
tionists. This research sets a robust baseline for future mon-
itoring and preservation of these vital wetland ecosystems.

LIMITATION OF THE STUDY

It is challenging to extrapolate the noted results over broad 
regions due to the complexity of coastal wetland changes, 
which vary in scale and spatial resolution. High-resolution 
(1 to 10 m) datasets are more effective for precise identifica-
tion. Data dependency on global surface water datasets and 
remote sensing databases may not fully represent the com-
plexity of these real coastal changes. Cloud cover and vis-
ibility issues can affect the quality of remote sensing data. 
Uncertainties (misclassification, sensor errors, temporal 
inconsistencies, etc.) may impact the reliability of the final 
noted results. The lack of ground truth validation can also 
impact study results.

FUTURE SCOPE OF WORK

Future studies can be obtained with specific focuses on iden-
tification and assessment of coastal wetland changes using 
multi-source data, region-specific studies (Mangroves, mud 
flats, etc.), long term climate change impact assessment, 
socio-economic impact analysis, ecosystem services evalu-
ation, modelling and predictive studies, seasonal and tem-
poral dynamics for coastal vulnerability and sustainability, 
advanced classification techniques, long-term monitoring 
programs, biological and ecological responses, and trans-
disciplinary research. Further, it can use high-resolution 
satellite imagery, ground-based observations, and advanced 
LiDAR or radar datasets to enhance accuracy and reliability.
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