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Abstract:

Urban wetlands are important natural reservoirs that help to regulate water cycles, weather and the
environment at large in rapidly growing cities. Unfortunately, the fast pace of urban growth has led to
the loss of many of these natural habitats. The paper explores spatial and temporal changes in the
wetland areas of Kolkata through a GIS-NDWI method combined with forecast analysis. Different
year satellite images were used in QGIS software to track water
bodies in four different types of  urban areas of  Burrabazar (Urban
Core), Salt Lake (planned city), Newtown (expansion zone), and the overall metropolitan area
of Kolkata. The findings show that all the spatial levels there has been a slowly and continuously
decrease in wetland areas. Overall, in the city, the water bodies have decreased from 2854.01km? or
7.82% in the year 2014 to 1834.02km? or 5.03% in 2023. A close-up focus shows that the water
bodies in the urban core have practically disappeared, the planned urban areas (Saltlake) show a
moderate level of water bodies 1.74% compared to urban core (Burrabazar) 0.98%, the expansion
areas (Newtown) are beings wiftly deprived of water bodies 1.93%. The projected data shows with
that the current pace of urbanization, the remaining water bodies will become separated and would
fail to function hydrologically. Findings indicate a severe imbalance between the growth urban
areas and ecological sustainability, and point out that wetland-sensitive urban planning,
continuously geospatial monitoring and policy-oriented conservation strategies are very necessary to
prevent permanent environmental loss.The research was verified by linear regressionand polynomial
regression (degree = 2) which estimated that in 2030 only 3.25% of wetland will be left in Kolkata
and by 2040 it would have reached a saturation level.
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1. Introduction
Wetlands are one of the most productive ecosystems on Earth. Theyhelp in many
wayslikestoringcarbon,treatingwastewater,preventingfloodsandeven changing
theweather.Butunfortunately,rapidurbanizationinthisanthropoceneeraisturning
these very important blue green areas into grey impermeable surfaces more and
more. This is particularly the case with fast-growing cities where the need for
housing and industriesis so great that environment isnot given by other concerns.
Besides biodiversityloss, the disappearance of urban wetlands leads tomakingthe
city more vulnerable to climate-induced disasters. This calls for better geospatial
monitoring systems.
Globally, downtown wetland damage and disappearance have been well recorded
andnoticed. Studies down in the Netherlands indicate that urban-wetland disputes
may become so severe that they might cause collapse by 2035 (Tendurus et al.
2013), and in addition, a wetland disappearance in the Chinese Zhujiang Delta led
totheriseoflandsurfacetemperaturethesameway(Weng,2001).InIndiaregularly
peoplehavebeenreportingwetlanddisappearanceinbigurbanagglomerations.For
example, measuring the growth of developed lands at the expense of forest and
water bodies in the last two decades in the Delhi NCR shows that it is 5.22% and
Chennai, displacements of wetlands along the coastal areas vary from 23.14% to
15.79% with the coming of industrialization (Jacintha et al.2019).At Kolkata, one
of the highly vulnerable spots where the East Kolkata Wetland (EKW) zone is
located,about60%ofitsgeographicalareaisencounteringlandencroachmentmostlydue
torealestateandillegallandfilling(Ghosh &Das, 2018; Chakraborty & Chatterjee,
2025).
Almost all the research work so far has been done on the protected wetland areas
like the EKW Ramsar sites. However, a very few have engaged with the idea of
comparing the loss of wetlands at the city-level of Kolkata not just of the
ecologically wetted old city areas but also the present-day rapidly increasing
peripheralregions. Thispaper seekstoaddressthesegapsbylookingattheoldcity areas'
potential to the degrading ecological condition to act as an early warning system
that can foreseethewetlands' collapsein thegrowth corridorsin thefuture. NDWI
analysis through QGIS has been the basis of theresearch in measuring the
fragmentation trends of the entire Kolkata as well as the case study areas of Bara
Bazaar, Salt Lake, and New Town. Finally, the research has employed machine
learning techniquestoforecast thetrendsof wetlandchangefor theyears2030and 2040
which will serve as a basis for scientifically-grounded suggestions for urban
sustainability planning design based on resilience principles.

2. LiteratureReview

Various researchhas extensivelyshown theapplication ofremotesensingand GIS in
understanding urbanization and wetland transformation across different spatial
framework. Weng (2001) showed how rapid urbanization in China led to notable
environmental changes, highlighting the usefulness of satellite-based analysis for
monitoring urbanization. Many studies showed more advanced modelling
approaches,suchascellular automata (CA)andmachinelearning, topredict future
urbanization and its ecological consequences. For example, studies in Europe and
Chinaintegrated CAwithrandomforestmodelstostudyurbanizationandfarmland ~ or
wetland loss, revealing strong linkages between infrastructure development and
landscape splitting (Yao et al., 2017;Tendurus et al., 2013). Prolonged changes in
wetlandanalysisshowedhowsustainedman-madecausedpressurealtersecosystem
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balance, shown in multi-decadal wetland studies (Li et al., 2015; Li, 2014).
Systematicreviews ofglobal LULC dynamicsfurther integratedtheunderstanding
thatpopulationgrowth,policyshifts,andeconomicdrivesareforcesbehindwetland
degradation worldwide.

In the Indian context, studies have been focused on urban wetland ecosystems,
particularly in rapidly urbanizing regions. Several studies from cities such as
Coimbatore, Chennai, Delhi NCR, and Kanchipuram have applied geospatial
techniques to quantify LULC changes and monitor their environmental impacts
(Babykalpana&ThanushKodi, 2010; Jacintha et al., 2019;
YogeshPalanivel&Sanchikantananda, 2018; Singh et al., 2025). The East Kolkata
Wetlands (EKW) have received special attention due to their ecological and socio-
economic
significance,withmultiplestudieddocumentingwetlandshrinkagedrivenbyurban
expansion between 1972 and recent years (Li et al., 2015; Mondal et al,
2017).Advanced decision-making tools such as fuzzy MCDM have been used to
assess vulnerability and risk in EKW, highlighting increasing exposure to urban-
induced stressors (Ghosh & Das; Banerjee &Dey). Other national-level studies
linked wetland loss to microclimatic changes and declining ecosystem services,
reinforcingconcernsover sustainability(Sannigrahietal.,2019;Chakrabortyetal.,
2025; Rahaman et al.). Collectively, these studies underline the urgent need for
integrated geospatial planning and policy interventions to safeguard India’s urban
wetlands.

3. Methodology
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3.1 SiteAnalysis:Thesiteanalysisincludesthestudyof3placesnamely-Burrabazar,Salt Lake
and Newtown metropolitan cities of Kolkata, West Bengal, India.

3.1.1 Burrabazar: Burrabazar was selected as a representative of the Urban Core,
developed intheyear1738whichischaracterisedbyhigh-densitybuilt-upinfrastructure and a
historical lack of planned open spaces.
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Fig2:SiteAnalysisofBurrabazar(a)ImagefromUSGSEarthexplorer(b)ImagefromGoogleMap

3.1.2 Salt Lake (Bidhannagar): Salt Lake being a planned and developed in the year
1962 serves as a critical study area for understanding the transition from a wetland-
dominant landscape to a planned urban environment.
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3.1.3.  Newtown (ActiveExpansion): Newtown, Rajarhatrepresentsthepre-urban
expansion zone built in the year 1999.
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Fig4:SiteAnalysisofNewtown(a)ImagefromUSGSEarthexplorer(b)ImagefromGoogleMap

3.2 NDWI-BasedWetlandMappingandSpatialAnalysisUsingQGIS:

Multi-temporalsatelliteimageryfromtheLandsatserieswasutilisedtoassessurbanwetland
dynamicsacrossKolkatafortheyears2014,2017,2020and2023. Allsatellitedatasetswere
acquired from the United States Geological Survey (USGS) Earth Explorer platform and
processed usingQGISwith version 3.42, and open-sourcedgeographicinformation system.
Theimageswerefirstsubjectedtoradiometricandatmosphericconsistencychecks,followed
byspatial sub-settingtothedefinedstudyboundaryofKolkata, includingthesub-regions of
Burrabazar, Salt LakeandNewtown.Toensurespatialaccuracyinarea computation, allthe
layers were projected to a common projected to a common projected coordinate reference
system.

Thenormaliseddifferencewaterindex(NDWI)wasemployedtodelineatesurfacewaterand
wetlandfeatures,astheyareeffectivelyenhanced water bodies bycontrastingreflectancein the
green and near-infrared spectral bands. NDWI was calculated in QGIS using the raster
calculator based on Landsat green andnear-infrared bands.Athreshold-based classification
was applied to convert thecontinuous NDWI outputintoa binarywater mask, wherepixels
with positive NDWI values were classified as water and negative values as non-water
surfaces. Thisbinaryrasterwassubsequentlyconvertedintovectorpolygonsusingtheraster-  to-
vector conversion tool to enable spatial and statistical analysis.

Non-waterfeatureswereremovedbyselectingandretainingonlypolygonscorrespondingto
water-class pixels. Polygon-level wetland area was calculated using the field calculator,
generating area attributes expressed in square kilometres. Descriptive statistical parameters
including feature count, minimum area, maximum patch size, mean area and total detected
waterarea werecomputedusingthe basicstatisticstool ~ withingQGIS. Thesestatisticswere
generatedfor theentire Kolkata MetropolitanArea aswell as for theindividual sub-regions
ofBurrabazar,SaltLakeandNewtown tocapturespatialvariabilityinurbanisationimpacts.
Wetland representation was performed through polygon-based classification, where each
polygonwasassignedabinaryattributeDN,whereDN=1representingwetlandareasand
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DN=0representingnon-wetland areas. The corresponding polygon areas were computed in
square kilometres (km?) and exported year-wise CSV files for further analysis.

The basis for wetland shrinkage and spatial changes over time came from the wetland
statistics data which is collected for several years. To predict the future wetland conditions
for 2030 and 2040 amid rapid urbanization, the final dataset was exported in excel format
and then machine learning was used. This geospatial workflow provided reliable inputs for
climate changes and urbanization in the field of sustainability research. It also allowed for
systematic monitoring of wetland changes due to urbanization and other causes.

3.3 MachineLearning-BasedRegressionModelling:

To predict how wetland areas might change in the future, used two machine learning
techniques: linear and polynomial regression.

3.3.1 Linear Regression Model:Used Linear Regressionas our baselinemodel tocheck for
a straightforward, direct relationship between time (the year) and the percentage of wetland
cover. This model assumes that the wetland area changes at a steady, constant rate over
time. It expressed by the standard equation:

Y=mx+c (1)
, whereyrepresentswetlandpercentageandxdenotethe year.
3.3.2 PolynomialRegressionModel(Degree= 2):Becausethechangesinwetlandarea did
not follow a perfectly straight line, we also applied a second-degree polynomial
regressionmodel. Thisapproachhelpsuscapturethecurveinthedata,revealingwhetherthe

rateofthewetlandlossisspeedingupor slowingdown over time.Bytransformingtheinput into
higher-order terms, the model fits a curved relationship expressed as:

y=ax2+bx+c 2
,whereyrepresentswetlandpercentageandxdenotethe year.

Apolynomialdegree oftwowas selected tobalancemodel flexibilityandavoid overfitting,
particularly considering the limited number of temporal observations.
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4. Result:

4.1 WetlandAreaEstimation:

Thetotalareaofspecificlocationiscalculatedbyaddingthepolygonsofthoseparticular locations for
each research years.

The total wetland area (DN = 1) is calculated from the QGIS simulationformulae asmentioned
below:

TotalWetlandarea(DN=1)=(WetlandArea/Total Area) Wetland

Percentage = (Wetland Area / Total Area) x100

ThisprocedureresultedinadatasetcontainingoflLocation, Year, Total Area,and WetlandsArea
which was then used for modelling and prediction.

Tablel:WetlandAreaEstimationofspecificlocations

SLNo.  Location Year Total Area km’ Wetland_Area_km’

1 Burrabazar 2014 36,496.74 780.39
2 SaltLake 2014 36,615.04 839.70
3 Newtown 2014 34,816.24 1,244.41
4 Kolkata 2014 36,984.72 2,854.01
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4.2. WetlandEstimation
4.2.1 NDWiI-BasedSurfaceWaterDynamicsinBurrabazar:

The statisticsrelating to wetlands in Burrabazar based on NDWI analysis show that the
trendofwetlanddeterioration intheKolkataurbancoreonTable2.In2014,thewetland area in
Burrabazar was 780.39 km? which represented 2.14% of the entire study area (36,496.74
km?). Despite the total number of polygons being quite high (15,352), the
abundanceofverysmallpatchessizes(thevalueofmainpatch=0.001km)indicatedthe
advanced fragmentation andabsenceoflarge,ecologicallyfunctional wetlands. In2017,
although there was a sharp rise the wetland area increased only to 812.15 km? (2.23%).
Thisisanindicationimprovedspectraldetectionofsurfacemoisture,probablycausedby
theeffectsofmonsoonalfloodingorthetemporarywateraccumulationinthedensebuilt-  up
partsrather than areal wetlandrecovery. The verylarge maximum patch size (93.34 km)
at that time strongly corroborates the idea of hydrological events of short duration
ratherthanthecontinualpresenceofawetland.By2020,theareaofwetlandshadshrunk
oncemoreto687.93km?(1.88%),meanwhilethelargestpatchsizehadfallento9.1 1km.
Thisisasignthatitisnowtheleadingwaterbodiesthathavebeenbrokendownintovery ~ small
patches. The consistent occurrence of the very small minimal area values (0.001
km)isaclearsignofwaterinBurrabazarshiftingtoverytemporaryfeatureslikedrainage
channels, rooftop storage and short-lived surface water-logging. The most dramatic
change was in 2023 when the area of wetlands dropped to 357.05 km? which was only
0.98%ofthetotalarea.DNbased  classification — showsthatwetlandspixels(DN=  1)are
verybroken andscattered. Thistimeisalmostequivalenttonowetlandsinthecitycentre with
almost all the few ones left being man-made or rainfall-dependent water bodies rather
than natural wetlands. All in all, the situation of the Burrabazar area is an illustration of
the almost irreversible of the almost irreversible urban wetland loss with extreme
fragmentation, decrease in wetland percentage, and the disappearance of long- term
hydrological storage capacity, which could be taken asa warningmodel for newly
urbanizing areas.

Table2.NDWI-derivedsurfacewaterstatisticsforBurrabazar

Year TotalArea(km?) WetlandArea(km?) WetlandPercentage(%)
2014 36,496.74 780.39 2.14
2017 36,496.74 812.15 2.23
2020 36,496.74 687.93 1.88
2023 36,496.74 357.05 0.98
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Fig 5:PolygoniseWaterindexMapofBurrabazarofrespectiveyears —i)201 3,ii)2017,iii) 2020, iv)2023

4.2.2 SurfaceWaterEvolutioninSaltLake(Bidhannagar):

The results of the NDWI-based wetland assessment for Salt Lake (Bidhannagar) show that
the wetland conditions of this planned urban area built on the reclaimed wetlands are
deterioratingmoderatelybutsteadilyTable3.In2014,SaltLakehadawetlandareaof839.70  km?,
which was only 2.29% of the total area of the study (36,615.04 km?). Even under the
sustained urban pressure, the planned canals, lakes, green buffers helped maintain some
surfacewater.In2017,thewetlandextentofthecityslightlyincreased, withthewetlandarea
risingto812.16km?(2.22%). Thisslightgaindoesnotseemtobearealwetlandrestoration, but
ratherlocal surfacewaterretention withinartificialreservoirs,parksandcanals, thathas been
quiteprominent  duringthemonsoon  period.Wetland coverage droppedto786.39km?
in2020andthewetlandpercentagefellto2.15%.Thislossisindicativeofthegradualfilling and
encroachments on moisture-bearing surfaces as the city densification increased. Although
Salt Lake has a well-structured drainage system, conversion of open and semi- permeable
areas into built-up land has been increasingly limiting the functionality of wetlands. In
2023, the wetland area has been reduced again to 638.66 km?, which is only 1.74% of the
total area (36,615.04 km?). This drop means changing from a semi-resilient hydrological
system to a highly stressed urban wetland regime. Even though major water bodies are still
there, they are losing their ecological effectiveness as they become
increasinglyfragmentedandisolatedfromnaturalwetlandnetworks.In ~ general,SaltLakeis an
example of an urban wetland degradation at a middle level, where the constructed
infrastructure has only postponed the eventual reduction of wetland area as a result of
continuous urban growth but has not stopped it.

Table3.NDWI-derivedsurfacewaterstatisticsforSaltLake(Bidhannagar)
Year TotalArea(km?) WetlandArea (km?) WetlandPercentage(%)

2014 36615.04 839.70 2.29
2017 36615.04 812.16 222
2020 36615.04 786.39 2.15
2023 36,615.04 638.66 1.74
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Fig6:PolygoniseWaterindexMapof SaltLake(Bidhannagar)ofrespectiveyears—i)2013,ii) 2017,
ii)2020, iv)2023

4.2.3 Wetlandtransformationalongthe Newtown:

ANDWI-based analysis of NewTown reveals that the area is a peri-urban expansion zone
undergoingrapid infrastructuredevelopmentandatthesametimeintersecting with  existing
wetlandsystemsTable4.In2014,NewTownhadarelativelylargewetlandof1,244.41km?  which
was 3.57% of the total area (34,816.24 km?).Thissituation reflected the existence of large
contiguous wetlands before the major urban consolidation, which was closely associated
with the influence of the East Kolkata Wetlands. By 2017, the wetland area had
substantially fallen to 1031.15 km? (2.96%), pointing to faster land reclamation and
conversions asresult of residential, commercialand ITinfrastructure developments. During
thistime,wetlandsoflargesizeswerebrokendownintosmaller,unconnectedpatchesdueto
fragmentation. Thedecreasecontinuedin2020asthewetlandareawentdownto798.39km?
(2.29%). Such a decline is in line with ongoing building works and the laying down of
roadways, etc. all of which have led to a breakage of thenatural water system connections.
Wetlandsat thistime aremorereflective of scattered pieces rather than full ecosystems. By
2023, New town went beyond the limit, the area of wetlands decreasing to 673.50 km?,
making up only 1.93% of the total area. This phase marks progression of wetland
disappearance, as at this point any water features are essentially limited to man-made
retention ponds, drainage canals or depressionsholding water after rains. The fast decrease
in NewTown isalmostareplayoftheveryfirststepsin thepath tothekind ofsituation one finds
nowadays in the city-centre. In fact, Newtown is a good representative of a changing but at
the same time fast going downhill wetland systems, which is a very strong call for action
before going completely going urban and finally wiping out the wetlands.

Table4:CumulativeNDWI-basedsurfacewaterstatisticsforNewtown

Year TotalArea(km?) WetlandArea(km?) WetlandPercentage(%)
2014 34816.24 1,244.41 3.57
2017 34816.24 1031.15 2.96
2020 34816.24 798.39 2.29
2023 34816.24 673.50 1.93

10
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Fig 7:PolygoniseWaterindexMapofNewtown ofrespectiveyears —i)2013,ii)2017,iii) 2020, iv)2023

4.2.4 MacroScaleWetlandDynamicsofKolkata:

TheNDWI-basedwetlandassessmentatthemetropolitan scalerevealsaprogressivedecline in
wetland extent across Kolkata, despite the near-constancy of the total geographical area
(Table5).In 2014,Kolkatarecordeda substantial wetlandarea o0f2,854.01km?,accounting
for7.82%ofthetotalarea(36,984.72km?). Thisperiodrepresentsarelativelystablebaseline
condition, where large wetland systems — primarily linked to the East Kolkata Wetlands —
still maintained spatial continuity. By 2017, wetland area declined sharply to 2,357.03 km?
(6.46%),indicatingrapidurbanizationduringthisphase. Theextentofwetlandlossindicated
thatitwasnotlimitedtosmall-scalefragmentationbutinvolvedthedivisionoflargerwetland
bodiesintosmallunits.By2020,wetlandareadroppedto2,311.54km? 0r6.25%ofthetotal  area.
This time period showed that with excessive violation and urbanization led to loos of
wetland in metropolitan area. The situation worsened in 2023, when wetland area sharply
decreasedto1,834.02km?,0nly5.03%remaining. Thisshiftmovedfrom healthywetlandto
significant wetland loss at the city level leading to disbalance of ecosystem. Most of the
remaining wetlands are now small fragmented parts of large water bodies or artificial
wetlands depending on rainfall.

Table5.CumulativeNDWI-basedsurfacewaterstatisticsfor Kolkata

Year TotalArea(km?) WetlandArea(km?) WetlandPercentage(%)
2014 36984.72 2854.01 7.82
2017 36984.72 2357.03 6.46
2020 36984.72 2311.54 6.25
2023 36984.72 1834.02 5.03

11
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Fig8:PolygoniseWaterindexMapofKolkataofirespectiveyears—i)2013,ii)2017,iii)2020,iv) 2023
4.3 DataVisualizationandTrendAnalysis:

The observed wetland percentages were plotted against time to monitor the fluctuation in
wetland cover. A simple linear assumption would not actually represent the dynamics of
wetland loss in Kolkata due to urbanization as it showed non-linear trends and annual
fluctuations.

Observed Wetland Percentage Change in Kolkata
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Fig9:ObservedWetlandPercentagetrend
4.3.1 ModelPerformanceEvaluation:
The coefficient of determination(R?) which tells us how much of the variation in wetland

percentage is explained by the regression models. Higher R? values indicate a better fit
between observed and predicted values.

12
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Table 6: Comparative analysis of R? scores was used to identify the more suitable model for future

projections.
ModelName R’Score
LinearRegression 0.98
PolynomialRegression 0.99

4.3.2 FutureWetlandCoverPrediction:

Usingthetrainedregressionmodels, wetlandpercentageswereprojected for theyears2030,
2035,and2040.Bothlinearandpolynomialmodeloutputsweregenerated;however,greater
emphasiswasplacedonpolynomialregressionresultsduetoitsimprovedexplanatorypower.

Table7: PredictedWetlandpercentage

SLNo.  Year PredictedwetlandbyLinear PredictedwetlandbyPolynomial

Regression Model (%) Regression Model (%)
1 2030 1.22 3.25
2 2035 -0.79 3.56
3 2040 -2.8 4.71
Linear vs Polynomial Regression Comparison
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Figl0: LinearRegressionvsPolynomial Regression
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Linear and polynomialregression techniques wereused tostudythechangeof wetland area
inpercentageovertimeinKolkata. Althoughthelinearregressionmodelwasverysuccessful as
reflected in the high value of the coefficient of determination (R = 0.98), it assumes the rate
of change to be constant and thus fails to properly identify the complex non-linear changes
of wetland resulting from different urbanization scenarios. Besides, the linear extrapolation
even led to drastically negative values of wetland in percentage, which is impossible
physically for long-term projections. On the other hand, the polynomial regression model
ofdegreetwowith abetter fit(R=0.99)not onlymatchedtheshape ofthe
changesovertimeinthedataverywellbutalsogaveprojectionswhichweremorephysically
realistic. Therefore, polynomial regression was the final decision for future wetland
percentage prediction the preferred model for future wetland percentage estimation

Wetland Percentage: Observed and Predicted (Polynomial Regression)

® Observed Data (2014-2023)
—— Polynomial Regression Fit

Y Future Predictions (2030, 2035, 2040)
——~ Last Observed Year (2024)

Wetland Percentage (%)

T
|
|
1
1
|
1
1
1
]
1
1
1
1
1
1
1
T
1
1
1
1
1
|
1
t
1
|
1
1
|
)
1
1
1
1
1
1
1
1
1

2015 2020 2025 2030 2035 2040

Figll1:PredictedWetlandLoss

Negativevaluesindicatea projectedincreaseinwetlandcoverage,whilepositivevalues denote a
decline relative to the baseline year.

4.4 Estimation of Wetland Loss: To determine the number of wetlands that would see
disappearance, expected percentages of wetlands for upcoming years were compared with
theactualvaluefor2023,whichwasusedasthereferencetime. WhilethePolynomialmodel has a
higher R2 score (0.99) compared to the Linear model, it is highly sensitive to the
curvatureofrecent data.In environmental science,this'increase’ mightbeinterpreted asthe
potential result of aggressive conservation efforts post construction phase or restoration
projects, though mathematically it is simply the extrapolation of a second-order curve.

14
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Wetland Percentage Comparison: Observed vs. Predicted (2014 - 2040)
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5. Conclusion:

This research offers a detailed GIS-based examination of wetland changes in Kolkata that
uncovers a significant and spatially uniform reduction in the wetland area in the period of
2014-2023.Although the boundaryof themetropolitan areasseems unchanged, the internal
urban typologies. The decrease from 7.82% to 5.03% wetland cover at the city level is not
just a reflection of the physical loss of wetlands but also of their fragmentation and the
weakening of the functions of the remaining hydrological systems. On a fine scale,
Burrabazar(0.98%) is shown to be at a very late stage of wetland extinction, extremely
fragmented and dominated bytiny-scale, temporary water bodies. Salt Lake (1.74%) is at a
stage of intermediate degradation in which the development of infrastructure planned has
delayedbutnotcompletelystoppedthelossofwetlands.NewTown(1.93%)exemplifiesthis rapid
transformation, highlighting how unchecked urban expansion quickly consumes wetland
when regulatory and ecological safeguards are missing. Together, these areas illustrate
distinct spatial pattern of wetland degradation, Kolkata's wetlands will not only
continuetoshrink but willalsolosetheir vital ecological functions.Thislossposesa severe
riskofurbanfloodcontrol,groundwaterrecharge,andoverallclimateresilience.Ultimately, — our
findings emphasize the urgent need to integrate geospatial monitoring tools with urban
planningsystems, alongsidestricter conservation policiestoprotect theremainingwetlands.
TheGIS-NDWImethodappliedinthisstudyoffersascalableandreplicabletoolfortracking habitat
changesin anyrapidlyurbanization region. Based on proposed regression models, it is
predicted that by2030, only3.25% of wetland willremain in Kolkata, reaching a critical
saturation point by 2040. In spite regression model show strong fit, however this research
work acknowledge limitation due to limited temporal data aligned with three-year
construction phase assumptions, but long-term forecasts carry inherent uncertainty.
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