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Abstract

The transboundary Ganges River, a vital hydrological system between India and Bangladesh, experiences
significant planform changes due to erosion and sedimentation, posing risks to ecosystems and riverside
communities. This study analyzes spatiotemporal dynamics along the Rajshahi-Murshidabad border over a 343.17
km2 area from 1985 to 2020 using Landsat imagery and GIS. Results show the left bank experienced escalating
net erosion, increasing from 6.09 km?2 during 1985-1995 to 15.89 km? by 2020, while deposition peaked at 11.33
km2. The right bank initially saw substantial deposition of 15.50 km?2 until 2005 but shifted to severe erosion of
15.60 km2 by 2020, indicating changing fluvial forces. Islands exhibited notable area fluctuations, with one island’s
top section expanding from 18.02 km2 in 1995 to 33.70 km?2 in 2015 before declining to 29.71 km?2 by 2020,
reflecting sediment variability. The post-2005 acceleration in erosion suggests potential anthropogenic or
hydrodynamic influences. This study offers a robust framework for monitoring transboundary river systems, with
critical implications for sustainable management of the Ganges and similar dynamic environments.
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1 Introduction

Transboundary rivers play a critical role in sustaining agricultural productivity, ecological balance, and socio-
economic activities in South Asia (Uprety & Salman, 2011). Among them, the Ganges River is one of the most
dynamic and vital fluvial systems, flowing across India and Bangladesh (Faisal & Hayakawa, 2022; Islam et al.,
1999; Rudra, 2018). Over the decades, the river has undergone substantial morphological changes driven by natural
hydrological processes and increasing anthropogenic interventions (Ekka et al., 2020; Surinaidu et al., 2020;
Swarnkar et al., 2021). These changes often manifest as erosion and deposition along riverbanks and shifting of
islands, significantly affecting riverside communities, farmland stability, and overall river health.

Understanding planform dynamics is essential for sustainable river basin management, especially in regions where
sediment transport and Bankline migration alter the river's geometry over time (Deb & Ferreira, 2015; Grabowski
et al., 2014; Soar et al., 2017). Traditional field-based measurements are often inadequate for capturing long-term
and large-scale morphological variations. However, advancements in remote sensing and Geographic Information
Systems now allow systematic analysis of such changes using historical satellite imagery (Apostolopoulos &
Nikolakopoulos, 2021).

This study investigates the multi-decadal planform evolution of the Ganges River along the Rajshahi-Murshidabad
transboundary stretch from 1985 to 2020. By analyzing changes in erosion, deposition, and island morphology
using Landsat imagery and GIS tools, the research aims to provide insights into the spatial-temporal dynamics of
the river. The findings contribute to understanding how the river corridor evolves over time and offer a scientific
basis for policymakers involved in transboundary river governance and disaster risk reduction.

2. Methodology

This study investigates the long-term planform dynamics of the Ganges River along the Rajshahi—-Murshidabad
transboundary stretch, which spans from 88.18665°E to 88.39855°E longitude and 24.51477°N to 24.36989°N
latitude, covering approximately 343.17 km2 The methodology involved a combination of remote sensing,
digitization, and G1S-based spatial analysis.

2.1 Data Collection and Image Extraction

Historical satellite imagery for the years 1985, 1995, 2005, 2015, and 2020 was obtained using Google Earth Pro.
These high-resolution time-series images were used to visually assess and extract river features. Each image was
carefully examined to trace the active channel, left and right riverbanks, and major mid-Channel Islands.
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2.2 Polygon Digitization
Using Google Earth Pro, polygon shapefiles were created by manually digitizing the following features for each
time step:

i Left and right riverbanks

ii. Islands within the river channel
These shapefiles captured the spatial extent of the river system at each time and were exported for GIS-based
analysis.

2.3 Erosion and Deposition Analysis
The digitized polygon boundaries were imported into ArcGIS Pro, where a change detection overlay analysis was
performed. For each time interval, the 1985 riverbank was treated as the baseline, and erosion and deposition zones
were computed using:

i Erosion: Areas lost from land to river

ii. Deposition: Areas gained by land over previous water zones
Erosion and deposition were calculated separately for left and right banks over each period.

2.4 Island Morphodynamics
Prominent islands within the river were individually digitized and monitored for area change. The top and bottom
sections of the islands were analyzed to understand growth and shrinkage trends from 1985 to 2020.

2.5 Spatial Computation and Mapping
All area calculations were performed in ArcGIS Pro using the Field Calculator and Geoprocessing Tools. A final
erosion—deposition composite map (1985-2020) was generated showing:
i Dotted zones: Erosion
ii. Dark shaded zones: Deposition
iii. Red lines: 1985 riverbank reference lines
Additionally, a time-series of island maps was created to visualize morphologic shifts across decades.

3. Results and Discussion

3.1 Riverbank Erosion and Deposition Trends

The planform analysis revealed substantial spatial and temporal changes along the left and right banks of the
Ganges River between 1985 and 2020. As shown in Table 1, the left bank experienced a consistent increase in
erosion over time. From 6.09 km? of erosion during 1985 to 1995, the value more than doubled to 14.75 km? during
the 2005 to 2015 period, eventually reaching 15.89 km? for the full 1985 to 2020 timeframe. This trend indicates
progressive lateral shifting of the river channel toward the left bank, particularly after 2005.

In contrast, deposition on the left bank peaked during 1995 to 2005 at 8.33 km? but declined to 3.19 km? in the
next decade, suggesting that erosional processes became more dominant in recent years.

Table 1. Left and right bank erosion and deposition areas (km?) across time periods
Time Period Left Bank Erosion Left Bank Deposition Right Bank Erosion Right Bank Deposition

1985-1995 6.09 6.44 3.72 2.73
1995-2005 5.60 8.33 1.55 15.50
2005-2015 14.75 3.19 12.37 1.07
1985-2020 15.89 11.33 15.60 0.62

On the right bank, a reverse pattern was observed. Deposition was dominant in the earlier years, especially during
1995 to 2005, with a deposition area of 15.50 km2. However, this shifted to severe erosion in the 2005 to 2015
period, with 12.37 km? eroded. By the end of the study period, the right bank experienced a net erosion of 15.60
km2, while total deposition was limited to 0.62 kmz2.

These spatial patterns are visualized in Figure 1, which displays cumulative erosion and deposition from 1985 to
2020. Erosion zones (dotted) are predominant along both banks, especially downstream of the central island
complex. Deposition zones (dark shaded) were more prominent in the earlier years.
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Figure 1. Planform change of the Ganges River from 1985 to 2020.
Erosion areas are represented with dotted patterns, while deposition zones are shown in dark gray. The lines mark
the 1985 riverbanks.

3.2 Island Morphodynamics

The mid-Channel Islands within the active river corridor displayed considerable spatial and areal variations across
the decades. As shown in Table 2, the top section of Island_95 increased from 18.02 km? in 1995 to 33.70 km2 in
2015, representing substantial growth over 20 years. However, by 2020, the island's area slightly declined to 29.71
kmz, suggesting erosion or redistribution of sediment in the channel.

Table 2. Island area changes over time (km?)

Year Island Section Area (km?)
1985 Bottom 7.71

1995 Bottom 10.60

1995 Top 18.02

2005 Bottom 2.74

2015 Top 33.70

2020 Top 29.71

The bottom portion of the island, visible in the earlier images, fluctuated in size. It grew from 7.71 km2 in 1985 to
10.60 km2 in 1995, then sharply decreased to 2.74 km?2 in 2005. This trend reflects an unstable depositional
environment, possibly influenced by changes in flow direction, sediment supply, or hydraulic structures upstream.
The sequential changes are presented in Figure 2, where island positions and shapes (hatch lines) are shown for
each of the five study years. The spatial shift and area variation highlight the dynamic nature of sediment processes
and in-channel deposition within this reach of the Ganges River.
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Figure 2. Temporal changes in the river island morphology from 1985 to 2020. The sequence (top-left to bottom)
represents the years: 1985, 1995, 2005, 2015, and 2020.
**The lines mark the 1985 riverbanks and hatch areas indicates island

4. Conclusion

This study assessed the multi-decadal planform dynamics of the Ganges River along the Rajshahi—-Murshidabad
transboundary stretch using satellite imagery and GIS-based spatial analysis. The results demonstrate significant
morphological transformations driven by fluvial processes over the 35-year period from 1985 to 2020. The left
bank experienced progressive erosion, with the highest loss observed after 2005. While deposition occurred during
the earlier years, it declined significantly in the later periods. Conversely, the right bank initially exhibited large
deposition areas, particularly from 1995 to 2005, but later transitioned into a zone of high erosion, especially in
the 2005 to 2015 decade. The analysis of mid-Channel Islands revealed dynamic changes in both position and size.
The top section of Island_95 expanded substantially between 1995 and 2015 but showed a slight reduction by
2020, indicating instability in sediment deposition and redistribution processes.

These findings highlight the dynamic nature of the river system and emphasize the need for continuous monitoring.
The integration of high-resolution imagery with GIS offers an effective and practical method to quantify riverbank
and island changes, which is essential for planning erosion control, managing sediment transport, and protecting
vulnerable communities along transboundary rivers like the Ganges.
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