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Abstract

Rivers are dynamic systems with changing morphology that significantly impact land use, agriculture, and
settlements. The Padma River, one of the largest and most active rivers in Bangladesh, exemplifies such dynamic
behavior with frequent bank erosion and channel shifting leading to significant hardships and losses for nearby
communities. This study analyzes riverbank erosion, deposition, and shifting dynamics along the Padma River
using GIS and remote sensing techniques over three decades: 1995-2005, 2005-2015, and 2015-2025. The
primary objective is to quantify erosion, deposition, and stable areas, as well as to identify temporal trends in
riverbank changes. Satellite images and digital elevation models (DEMs) were analyzed using multi-temporal
Landsat data on GIS platforms. Techniques like supervised classification and change detection were employed to
define riverbank boundaries and quantify transformations. Findings reveal substantial fluctuations in riverbank
dynamics. From 1995 to 2005, erosion accounted for 25,699.77 hectares, while deposition covered 21,601.60
hectares. Between 2005 and 2015, erosion was 34,389.52 hectares, and deposition was 34,389.52 hectares,
showing a balanced shift. However, from 2015 to 2025, erosion declined again to 23,100.61 hectares, and
deposition was measured at 20,104.15 hectares. The alternating phases of intense activity and stabilization reflect
the Padma River’s dynamic morphological evolution, driven by changing hydrological and sedimentary
conditions over time. The findings emphasize the need for targeted erosion management and long-term land-use
planning to mitigate the adverse effects of riverbank dynamics.

Keywords: Remote Sensing; Riverbank Shifting; Erosion; Deposition; GIS; Padma River.
1 Introduction

Riverbank erosion is a gradual but critical natural hazard that destabilizes riverbanks by removing soil and
sediment, causing shorelines to shift and directly affecting the lives and livelihoods of nearby communities
(Islam & Rashid, 2011; Chatterjee & Mistri, 2013; Das et al., 2007; Pati et al., 2008; Varouchakis et al., 2016;
Bhuiyan et al., 2017). Along the Padma River, one of Bangladesh’s most dynamic fluvial systems, erosion and
deposition patterns vary over decades, influenced by natural forces such as tidal ranges, storm surges, and wave
action, as well as human interventions including shrimp farming and unplanned construction (Hasan et al., 2018;
Shamsuddoha & Chowdhury, 2007; Ahamed, 2010). These processes have resulted in significant land loss,
including the reduction of islands and alteration of river courses within the Bengal delta, which is shaped by
complex sediment dynamics (Allison, 1997; Akter et al., 2015; Naus et al., 2017). The sustained riverbank
erosion has rendered many inhabitants landless and homeless, disrupting livelihoods and causing substantial
socio-economic challenges (Shamsuddoha et al., 2012; Islam et al., 2020). Displacement often leads affected
populations to migrate in search of safer environments and better livelihood opportunities, although migration
decisions are multifaceted and influenced by social, economic, environmental, and demographic factors
(Nicholls et al., 2018; Kolmannskog, 2008; Mallick & Etzold, 2015; Black et al., 2011). Meanwhile, some
residents remain in erosion-prone areas, either voluntarily or due to limited options, exposing them to ongoing
risks (Bangladesh Bureau of Statistics, 2015; Mallick & Schanze, 2020). Remote sensing and GIS technologies
have been increasingly applied to monitor and analyze the spatial-temporal dynamics of riverbank erosion and
shifting, providing critical insights for sustainable river management (Dewan et al., 2007; Khan & Islam, 2024;
Hossain & Rahman, 2021). Understanding these fluvial processes and their socio-environmental impacts along
the Padma River is essential for developing effective mitigation strategies and supporting vulnerable
communities (Rahman & Salehin, 2013; Shajahan & Reja, 2012). This study employs multi-temporal satellite
imagery and GIS techniques to assess erosion, deposition, and riverbank shifting patterns, contributing to
informed planning and disaster risk reduction efforts in the region.
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2 Materials and Methods

This study examines the Padma River's riverbank shifting across three decades (19952005, 2005-2015, and
2015-2025) utilizing satellite imagery and GIS-based methods. Faridpur, Munshiganj, Chandpur, Shariatpur, and
Barishal are the five districts in the study area that are prone to erosion. These districts were chosen because of
their frequent morphological changes and direct exposure to the river. Landsat 5 TM for 1995, Landsat 7 ETM+
for 2005, and Landsat 8 OLI-TIRS for 2015 and 2025 were used to gather multitemporal satellite pictures from
the USGS database. ArcMap was used for image preparation, which included georeferencing and clipping
(ArcGIS 10.3). The Channel Migration Toolbox (CMT) was utilized to align banklines and identify stable zones,
erosion, and deposition. Riverbanks were digitized annually. Thematic maps in ArcMap were used to quantify
and illustrate the spatial changes, while statistical analysis and validation were assisted by Google Earth Pro and

Excel.
Table-01 The selected satellite images details

Satellite ID Sensor 1D Path/Row Acquisition date Cloud Coverage
Landsat 5 ™ 137/44 30/11/2010 0.1
Landsat 8 OLI & TIRS 137/44 30/12/2025 0.1
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3 Result and Discussion

3.1 Erosion Dynamics

The erosion analysis across the Padma River segment spanning Faridpur, Munshiganj, Shariatpur, Chandpur, and
Barishal shows significant spatio-temporal variation. During 1995-2005, erosion was recorded over 25,699.77
hectares, concentrated mainly along the western banks near Faridpur and northern Shariatpur, where the river
migrated laterally into settlements and agricultural land. Erosion peaked in the 2005-2015 period, with 34,389.52
hectares lost, especially along the central and lower reaches near Chandpur and the southern parts of Shariatpur
and Barishal, as shown by the widespread red zones in the map. This period saw the most aggressive bank retreat
due to intensified hydrological forces. However, between 2015-2025, erosion declined to 23,100.61 hectares,
suggesting a relative stabilization of the channel. The decline could be attributed to increased sediment retention
upstream, river training works, and reduced monsoon flow intensity. Despite this, some highly active erosion
hotspots persist particularly visible in the central meander zones of the river.

3.2 Deposition Trends

Deposition followed a fluctuating pattern in line with erosion. From 1995-2005, 21,601.6 hectares of new land
formed mostly along inner bends and abandoned channels near southern Munshiganj and eastern Shariatpur. The
2005-2015 period saw a large increase in deposition (34,389.52 hectares), with significant new land visible in
the lower southern zones near Barishal and Gournadi. This aligns with the high erosion-deposition balance of the
decade, likely indicating active channel migration and island formation. In 2015-2025, deposition dropped to
20,104.15 hectares, a clear shift toward reduced sedimentation. This may reflect upstream sediment trapping or
altered discharge conditions. Still, significant deposition continued in specific regions such as southern
Shariatpur and adjacent to newly formed river islands, as highlighted in green in the image. The imbalance
between deposition and erosion in some sections contributes to land loss risk and changing floodplain dynamics.

3.3 Riverbank Shifting

Riverbank shifting, derived from eight observation lines placed throughout the river’s course, further confirms
intense channel migration between 2005-2015. The average migration increased from 1,400 meters (1995-2005)
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to 3,255 meters (2005-2015), indicating widespread lateral shifts especially along middle Shariatpur, Chandpur,
and southern Munshiganj, as shown by complex overlapping colored zones in the map. The maximum migration
of +5,797 meters was observed at observation line 8, near the confluence downstream toward Barishal, where
river energy is naturally higher. In contrast, the 2015-2025 period recorded reduced shifting (1,602 meters
average), highlighting a relatively more stable river course. However, abrupt movements such as the +4,400
meters shift in observation line 5 suggest that certain local zones are still highly dynamic and vulnerable.

Tables and Figures
Table-02 River bank Shifting over the 25 years

1995 -2005 2005-2015 2015-2025
Observation line (unit in meters) (unitin meters) | (unitin meters)
1 -2242 1844 -1169
2 -3118 -789 2694
3 -1581 -3134 -2530
4 -1136 -3825 -394
5 -549 -4198 4400
6 -258 820 -224
7 309 2126 -211
8 -1188 5797 -1937
Table-03 Average bank Shifting over 25 years
Average Migration (in meters)
1995 -2005 2005-2015 2015-2025
1400 3255 1602
Table-04 Erosion, Deposition, Unchanged Area
Unchanged Erosion Deposition
Year (in Hectares) | (in Hectares) | (in Hectares)

1995-2005 41622.6 25699.77 21601.6
2005-2015 40572.1 34389.52 34389.52
2015-2025 41286.3 23100.61 20104.15

EROSION-DEPOSITION-UNCHANGED

EROSION,DEPOSITION AND UNCHANGED AREA (1995-2005)

AREA

®1995-2005 m™2005-2015 w2015-2025

UNCHANGED EROSION DEPOSITION

EROSION,DEPOSITION AND UNCHANGED AREA (2005-2015)

EROSION,DEPOSITION AND UNCHANGED AREA (2015-2025)

Legend
B
[ [—

Figure-02 Erosion, Deposition, Unchanged Area for 1995-2005, 2005-2015,2015,2025
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Figure-03 Bank Shifting for 1995-2005, 2005-2015,2015,2025

4 Conclusion

This study assessed the spatio-temporal dynamics of riverbank erosion, deposition, and channel shifting of the
Padma River across Faridpur, Munshiganj, Chandpur, Shariatpur, and Barishal districts over three decades:
1995-2005, 2005-2015, and 2015-2025. The results indicate a gradual reduction in both erosion and deposition
rates, suggesting a shift toward a relatively more stable river morphology in recent years. Between 1995 and
2005, erosion affected 25,699.77 hectares and deposition 21,601.6 hectares, while during 2005-2015, erosion
peaked at 34,389.52 hectares, with deposition also reaching a maximum of 34,389.52 hectares. However, by
2015-2025, erosion decreased to 23,100.61 hectares, and deposition declined further to 20,104.15 hectares,
reflecting a notable reduction in morpho dynamic activity. This trend toward stabilization may be attributed to
hydrological changes, upstream sediment control, and engineered interventions such as embankments and river
training structures (Islam & Rashid, 2018; Khan et al., 2024). Despite this overall decline, several erosion
hotspots particularly around the central meandering stretches of Shariatpur, Chandpur, and southern Barishal
remain active, posing risks to agricultural land, human settlements, and local infrastructure (Rahman et al.,
2019). The analysis also confirms that Geographic Information Systems (GIS) and remote sensing techniques are
valuable tools for tracking riverbank changes, identifying vulnerable zones, and informing evidence-based
management (Haque & Basak, 2020). To ensure sustainable river management, policymakers must prioritize
erosion control, sediment monitoring, and adaptive land-use strategies. Incorporating G1S-based monitoring into
planning frameworks can help mitigate socio-economic disruptions and enhance long-term resilience in the
Padma River basin (Asian Development Bank, 2013). Future research should focus on understanding upstream
sediment flux, assessing the long-term impacts of climate variability, and evaluating the effectiveness of current
erosion mitigation efforts. A proactive, integrated approach is essential to safeguarding the ecological balance
and socio-economic well-being of communities living along the Padma River.
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