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INTRODUCTION
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Traditional Remote Sensing often fails to distinguish between turbid silt and chlorophyll bloom.

o The Ganga Ecosystem Challenge:

• The River Ganga supports one of the most 

productive yet vulnerable fisheries globally. 

Small-scale fishers face

• Dynamic hydrological shifts from Himalayan 

confluences to the Bay

• Silt-heavy plumes that mask genuine 

biological productivity

• Impact of high-velocity regimes on habitat 

stability
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o Remote Sensing:

• Provides the Spatial and Temporal framework

• Captures the surface-level signals (SST, Chlorophyll, Turbidity)

o Hydro-Ecological Analysis:

• Interprets physical water parameters (Bathymetry, Wind) and biological 

indicators (Chl-a) dictate fish behavior and survival.

o Integration:

•  The mathematical and logical overlap where Satellite data is validated by 

ecological rules to pinpoint Potential Fishing Zones (PFZs)
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o Mapping of PFZ :

• Data Fusion: Bathymetry, Wind Flow, and Turbidity with satellite SST 

and Chlorophyll-a to create a multi-layer habitat map.

• Algorithmic Filtering: To exclude areas that appear productive on the 

surface but are physically unsuitable (e.g., too shallow or hypoxic).

o Strategic Outcome :

• Precision Fisheries

• Operational Efficiency

• Livelihood Support



RESEARCH GAPS
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•Limited Multi-Source Data Integration

     Models miss river flow, bathymetry, wind, human factors that boost accuracy

•Real-Time Prediction Deficiency

•Geographical Limitation of Studies

•Lack of Proper Information for Fishers

       Very few models are available as mobile apps/advisories for small-scale fishers.



OBJECTIVES

Objectives:

• To classify fishing areas into different fishing zones using remote sensing and 

hydro-ecological analysis

• Develop a GUI to dynamically identify fishing zones using INCOIS data sources

• To analyze the spatial and temporal trends and shifting patterns of Potential 

Fishing Zones over multiple years through remote sensing data
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STUDY AREA

Three key stretches of the River Ganga:

1.) Prayagraj to Buxar Stretch - Confluence Dynamics (Water mixing, nutrient fronts, 

and Turbidity)

2.) Bhagalpur Stretch - Riverine Complexity (Bathymetry, deep-water refugia, and 

sediment)

3.) Estuarine Zone near West Bengal - Marine Transition (SST, Chlorophyll-a, and 

Wind-driven upwelling)
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STUDY AREA- Prayagraj to Buxar Stretch 
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Fig No.- 1  a.) India map showing AOI near Prayagraj–Buxar                b.) AOI and District stretch near Prayagraj and Buxar Ganga River



STUDY AREA- Bhagalpur Stretch 
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Fig No.- 2 (a.) India map showing AOI near Bhagalpur                                   (b.) AOI and District stretch near Bhagalpur Ganga River



STUDY AREA- Estuarine Zone near West Bengal 
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Fig No.- 3 (a.) India map showing AOI and nearby Seacoast of West Bengal                (b.) Showing AOI and Nearby Seacoast of West Bengal



DATA AND IT’S SOURCES

Boundary 

• Parameter: Study Area (AOI) 

• Source DataSet: OpenStreetMap (OSM) 

• Agency: OSM 

Biological 
    Chlorophyll-a

• Source DataSet: MODIS-Aqua (L3SMI) 

• Agency: NASA 

• Role: Primary food indicator for marine zones

Thermal 

• Parameter: Sea Surface Temp 

• Source DataSet: MODIS-Aqua (SST

• Agency: NASA

• Role:Identifies thermal fronts 
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DATA AND IT’S SOURCES

Water Quality 

• Parameter : Turbidity (NDTI)

• Source DataSet: Sentinel-2 / Landsat

• Agency: ESA/USGS

• Role: Filters out "choked" or silt-heavy zone 

 Atmospheric 

• Parameter : Wind Flow (u/v)

• Source DataSet: ERA5-Land Monthly

• Agency: ECMWF

• Role: Measures nutrient mixing/upwelling
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DATA AND IT’S SOURCES

Physical 
   Bathymetry

• Source DataSet: ETOPO1 / GEBCO

• Agency: NOAA 

• Role: Locates deep-water refugia and shelf 
   Water Occurrence

• Source DataSet: JRC Surface Water

• Agency: JRC

• Role: Identifies permanent active river channels
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The SWAT-Remote Sensing Integrative Framework

• SWAT Hydrological Simulation
• Calculation of Streamflow Velocity, Nutrient Loading (N/P), and Sediment Yield across 

catchment sub-basins

• Biological & Thermal Sensing
• Fusion with MODIS-Aqua signals (SST and Chlorophyll-a) to locate metabolic 

biological fronts

• Multi-Sensor Filtering
• Application of NDTI Masks and JRC Surface Water filters to isolate permanent active 

channels from seasonal sandbars
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Multi-Source Data Synergy
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Ecosystem Component Analytical Source Key Deliverable

Hydro-Ecological SWAT Model Output

Streamflow regimes and 

Nutrient bioavailability 

(Nitrogen/Phosphorus)

Biological Signals MODIS-Aqua (4km)
Primary productivity density 

and Thermal gradient detection

Physical Masking Sentinel-2 (10m)

Normalized Difference 

Turbidity Index (NDTI) for silt 

interference correction

Structural Refugia GEBCO Bathymetry
Identification of deep-water 

habitats and spawning shelters



OSM Asset (AOI)

Modis Aqua

GEBCO/ETOPO1

Sentinel-2/ 

Landsat Imagery

ERA5-Land

SST Gradiants 

(26℃-30 ℃) 

Chlorophyll-a 

(0.2 and 2 ppm)

Turbidity (NDTI)

Masking (Sentinal-2)

Bathymetry 

(0-200m) 

Wind Flow (0-7m/s)

Study Area (AOI)

Potential 

Fishing Zone

Trend 

Analysis
Dynamic GUI

Validation through 

INCOIS PFZ
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NDWI > -0.15 

Water Bodies

Weighted Overlay 

(Total PFZ score/5)

JRC GSW >15%

High Turbidity (0.2-1)
Less Turbidity 

(-1 to 0.2)

NO/LESS 

PFZ
HIGH 

PFZ

METHODOLOGY FLOW CHART



FINAL RESULTS - Prayagraj to Buxar Stretch 
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Fig No.- 4 PFZ of Praygraj to Buxar Stretch of oct 2017

Confluence Nutrient Dynamics

SWAT-calculated flow regimes 

reveal that the mixing of the 

Yamuna and Ganga triggers high 

nutrient bioavailability

Primary Drivers: Nutrient runoff 

peaks from sub-catchment routing 

provide the chemical basis for 

fertile hotspots found 5-8km 

downstream of mixing zones
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Fig No.- 5 (a)PFZ of Praygraj to Buxar Stretch of oct 2018 (b) PFZ of Praygraj to Buxar Stretch of oct 2019

FINAL RESULTS - Prayagraj to Buxar Stretch 
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Fig No.- 6 (a) PFZ of Praygraj to Buxar Stretch of oct 2020 (b) PFZ of Praygraj to Buxar Stretch of oct 2021

FINAL RESULTS - Prayagraj to Buxar Stretch 



FINAL RESULTS - Bhagalpur Stretch 
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Fig No.- 7 PFZ of OCT 2017 of Bhagalpur Stretch

Stable Side-Channel Refuge

Model indicates that in 

Bhagalpur, high-velocity main 

streams are unsuitable for 

biomass concentration

SWAT Routing Analysis: 

Highest biological signatures 

correlate with stable, low-

velocity side channels that 

provide energy-efficient 

shelters.

Main Stream Velocity

         High Displacement

Side-Channel Stability

         Low Velocity / High PFZ
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Fig No.- 8 (a) PFZ of OCT 2018 of Bhagalpur Stretch (b) PFZ of OCT 2019 of Bhagalpur Stretch

FINAL RESULTS - Bhagalpur Stretch 
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Fig No.- 9 (a) PFZ of OCT 2020 of Bhagalpur Stretch (b) PFZ of OCT 2021 of Bhagalpur Stretch

FINAL RESULTS - Bhagalpur Stretch 



FINAL RESULTS - Estuarine Zone near West Bengal 
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Fig No.- 10 PFZ of Seacoast Near West Bengal of OCT 2017

Estuarine Silt Correction

The delta region experiences 

intense oceanic upwelling coupled 

with high sediment discharge

• Integration: SWAT sediment 

transport models utilized to 

predict seasonal plume 

intensity

• Precision: NDWI filters 

isolate permanent water bodies 

by removing ephemeral 

sandbars

NDTI:- Normalized Difference Turbidity Index



31

Fig No.- 11 (a) PFZ of Seacoast Near West Bengal of OCT 2018 (b) PFZ of Seacoast Near West Bengal of OCT 2019

FINAL RESULTS - Estuarine Zone near West Bengal 
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Fig No.- 12 (a) PFZ of Seacoast Near West Bengal of OCT 2020 (b) PFZ of Seacoast Near West Bengal of OCT 2021

FINAL RESULTS - Estuarine Zone near West Bengal 
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GUI for Visualization 

https://ee-aadityarajstm.projects.earthengine.app/view/gangapfz

https://ee-aadityarajstm.projects.earthengine.app/view/gangapfz
https://ee-aadityarajstm.projects.earthengine.app/view/gangapfz
https://ee-aadityarajstm.projects.earthengine.app/view/gangapfz


Trend Analysis - Prayagraj to Buxar Stretch
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•Unpredictable Size: High PFZ wildly changes every year (from 50 to almost 100 sq km).

•Bouncing Movement: Fishing spots don’t follow straight line; bounces randomly because 

Prayagraj is a confluence zone

Fig No.- 13 Temporal Area Variation and Spatial Migration of PFZs in the Prayagraj to Buxar Stretch



Trend Analysis - Bhagalpur Stretch
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• The absolute best fishing spots are steadily migrating down the river year after year.

• Muddy floods (2017 & 2021), the good fishing areas shrink dramatically.

Fig No.- 14 Temporal Area Variation and Spatial Migration of PFZs in the Bhagalpur Stretch



Trend Analysis - Estuarine Zone near West Bengal
36

• Massive Habitat Footprint

• Erratic Core Shifting.

Fig No.- 15 Temporal Area Variation and Spatial Migration of PFZs in the Estuarine Zone near West Bengal



Impact & Sustainable Management
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This framework serves as a vital tool for policy-makers and environmental managers in 

balancing human needs with ecosystem conservation.
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Questions & Discussion
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