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Abstract

The construction of river control structures like barrages often leads to significant geomorphological and hydrological
changes. This study investigates the impact of the Teesta Barrage, located at Barakhata, Bangladesh, on the erosion-
accretion dynamics, bar area transformation, and channel migration of the Teesta River over multiple time frames.
Using remote sensing and GIS techniques, changes from 1990 to 2000 were quantified, revealing an erosion of 41.83
km? and accretion of 65.08 km2, resulting in a net bar area increase of 12.54 km2. It was determined that the average
river migration during this time was 795.71 meters. Preliminary data from a comparison of 2000 to 2010 indicate a
change in sediment dynamics following the building of the barrier, with increased erosion (66.78 km?) and decreased
accretion (41.36 km?). This study will be extended to the years 2010-2025 in order to evaluate cumulative effects and
continuing morphological responses. Understanding sediment transport, long-term channel stability, and the socio-
environmental effects on riverine populations will all be greatly aided by these observations. This study provides a
guide for comparable fluvial systems impacted by hydraulic structures and supports sustainable river management
techniques in the Teesta basin.
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1 Introduction

Rivers are dynamic systems by nature, constantly changing their course due to migration, erosion, and deposition. These processes
have a big impact on agriculture, land use, and human settlements (Rahman et al., 2013; Mallick et al., 2021). Riverbank erosion
has long been acknowledged as a serious environmental problem in Bangladesh, displacing thousands of people annually, changing
the country's geography, and endangering food security(Islam et al., 2020). The Teesta, one of the main transboundary rivers, is
strategically significant because it provides for domestic and agricultural needs in northern Bangladesh. However, its controlled
flow following the commissioning of the Teesta Barrage Project in Dalia, Bangladesh, and the Gajoldoba barrage in India has
changed the downstream morphology(Asian Development Bank, 2013; Gupta et al., 2023). The downstream reach of the Teesta,
particularly at Barakhata under Lalmonirhat district, has emerged as a highly vulnerable zone, experiencing frequent bank erosion,
shifting channels, and sediment redistribution. This study area, located just below the barrage, is characterized by its floodplain
environment and intensive agricultural use, making it particularly susceptible to geomorphic changes and socio-economic risks.
Previous studies have emphasized the growing need to understand river dynamics in regulated systems(Sultana et al., 2011), yet
limited research has focused specifically on the long-term spatio-temporal patterns of erosion and deposition in the Teesta
downstream of the barrage. Therefore, this research aims to assess channel migration, erosion—deposition dynamics, and
morphological adjustments of the Teesta River in the Barakhata region using GIS and remote sensing techniques, contributing to
sustainable river management strategies in northern Bangladesh.

2 Methodology and Materials
Around 100km of river line was taken from the barrage downstream for study. Landsat imagery was clipped to the
study area and classified using an unsupervised algorithm in a Python environment, yielding three classes: water, sand

bars, and vegetation. Following this, a post-classification analysis was performed to delineate areas of erosion and
accretion, generating distinct raster layers for these changes. The total area for each category was quantified by a
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pixel-counting method applied to these output rasters. The entire workflow, from classification to area calculation,
was executed using Python, supported by geospatial libraries like Rasterio and GeoPandas for efficient data
processing. Riverbank shifting was performed using Channel Migration tools in ArcGIS v10.8 software.
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Figure-01 Methodology Flowchart and Study Area Map
3 Result and Discussion

The Teesta River's channel movement and erosion-deposition dynamics vary considerably among decades, according
to a spatiotemporal study conducted downstream of the barrage at Barakhata. These morphological changes are a
result of the intricate interactions between human activities and natural fluvial processes. In particular, the construction
of the barrage and bridge changed the river's hydraulic and sediment regimes. The results are examined independently
in terms of erosion, deposition, and channel shifting before and after the barrage to give a thorough understanding.

3.1 Erosion Dynamics

Approximately 41.83 km? of the Teesta River was eroded between 1990 and 2000, the pre-barrage period. Higher
rates of deposition somewhat offset this significant level of erosion, suggesting a robust but dynamic fluvial system.
Since hydraulic pressures place the greatest stress on bank materials at outer meander bends, where channel widening
and gradual reorganization result, the erosion was mostly concentrated there. However, erosion significantly increased
to over 66.78 kmz2 during the barrage building (2000-2010). This increase indicates that the channel balance and
sediment supply were upset by the changed flow regime, which accelerated bankline retreat in a number of
downstream reaches. The river continued to exhibit localized instability with severe erosional zones, indicating a
partial adjustment to the barrage's consequences rather than a full stabilization, even though erosion dramatically
decreased to 34 kmz2 in the following period (2010-2024). These patterns are consistent with earlier findings that
structural interventions in the Teesta intensified bank erosion in the immediate post-construction decades before
showing partial stabilization (Sumit et al., 2021).

3.2 Deposition and Bar Area Transformation

During the pre-barrage period (1990-2000), deposition predominated over erosion, with an estimated 65.08 km? of
accretion, leading to an extension of bar areas and a net gain of depositional surfaces. This implies that the natural
sediment regime was favorable for deposition, resulting in the formation of new point and mid-channel bars that
improved the development of floodplains. But during the decade following the barrage (2000-2010), deposition
sharply dropped to 41.36 km2. The barrier curtailed the downstream supply of material required for bar formation by
controlling flow and interfering with sediment transport processes, which is reflected in the decreased accretion. It's
interesting to note that the most recent time frame (2010-2024) shows a rebound in deposition, with 72 km? of
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accretion exceeding pre-barrage levels. This increase suggests that the system is partially recovering, with increased
bar growth and floodplain expansion as a result of sediment reorganization and redistribution. Recent studies also
reported similar findings, highlighting that although barrages initially reduce depositional activity, long-term sediment
adjustments can restore accretional dominance in downstream reaches (Uddin et al., 2024)

3.3 Channel Shifting and Migration

Channel shifting offers another viewpoint on the Teesta River's morphological reaction. The average channel
migration between 1990 and 2000 was 795.71 m, with simultaneous eastward and westward displacements. For
instance, Line 5 saw a notable westward movement of —1120 m, while Line 4 recorded a considerable eastward
migration of 823 m. The natural dynamic of the river system, where localized sediment transport and hydrological
conditions induce differential channel changes, is reflected in these opposing tendencies. The average migration
decreased to 552.8 m during barrier construction (2000-2010), suggesting a brief restriction of lateral mobility.
Significant changes were still seen in a few places, though, such as Line 5 moving 888 meters eastward and Line 7
moving -647 meters westward, highlighting the regional variation in responses. Migration rose significantly to 868.9
m in the most recent decade (2010-2024), exceeding pre-barrage levels. Severe displacements, such as the westward
shift of —2105 min Line 4 and the eastward movement of +982 m in Line 6, were noted, indicating increased instability
and channel system reorganization. These findings align with recent studies that identified increased channel migration
and instability in the Teesta following structural interventions, particularly in reaches downstream of the barrage and
bridge (Podder et al., 2023).

3.4 Integrated Morphodynamic Response

The temporal fluctuations seen in erosion, deposition, and channel migration demonstrate the barrage's dual function:
initially accelerating erosion and inhibiting depositional processes, the system gradually regained depositional
dominance, albeit at the cost of heightened channel instability. This dynamic adjustment emphasizes how the Teesta
River is still reorganizing under changed hydrological conditions rather than having reached a new equilibrium. The
spatial diversity among observation lines demonstrates that local geomorphic and hydrological circumstances have a
significant influence on the impacts, which are not uniform. These findings highlight how barrages and bridges, which
are intended for flood control and water regulation, can result in significant and long-lasting alterations to river
morphology from the standpoint of river management. The results highlight the urgent need for continuous
geomorphological monitoring and adaptive river management strategies to address risks of land loss, population
displacement, and socio-environmental challenges in the Teesta basin (Saha et al., 2024).

Table-01 Erosion, Deposition over the years

Year Erosion in km? Deposition in km?
1990-2000 42 65
2000-2010 67 41
2010-2024 34 72

Table-02 Average bank shifting over the years.

Length Average Shifting in meters
1990-2000 2000-2010 2010-2024
795.7 552.8 868.9
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Table-03 River bank shifting over the years.

Channel Shifting Throughout the following Years in meters

Observation Line 1990-2000 2000-2010 2010-2024
(Before Bridge Construction)  (After Bridge Construction)
1 -335 629 -1676
2 -12 262 -8.4
3 229 155 336
4 823 103 -2105
5 -1120 888 -1809
6 -818.5 -473 982
7 7255 -647 -1025
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Figure-03 Bank Shifting for 1990-2000, 2000-2010,2010-2024
4 Conclusion

A spatiotemporal investigation of the Teesta River downstream of the barrage at Barakhata shows that the geomorphic
behavior of the river has been significantly changed by structural interventions like the bridge and barrage. The river
demonstrated depositional dominance with widespread bar building during the pre-barrage era (1990-2000), along
with moderate levels of channel displacement that represented the natural equilibrium between flow and sediment
supply. However, this balance was upset in the first ten years following construction (2000-2010) when deposition
decreased and erosion increased, causing riverbank instability and a decrease in channel migration rates. This pattern
demonstrates how hydraulic structures can destabilize sediment movement and riverbank morphology. Deposition
restored its dominance while erosion decreased in the most recent era (2010-2024), indicating a partial recovery of
the system. However, there was a significant rise in the severity of channel migration, with localized areas
experiencing severe displacements. Despite apparent improvements in depositional balance, these findings suggest
that the river is currently in an adjustment period, marked by increased lateral instability. The spatial diversity seen
across transects further supports the idea that the impacts of bridges and barrages are not consistent and are heavily
influenced by local hydraulic and geomorphic factors. In order to reduce the risks of land loss, displacement, and
disruption of livelihood for people along the Teesta floodplain, sustainable methods must place a high priority on
adaptive management, bank protection, and socio-environmental safeguards. The dynamic shifts in erosion,
deposition, and channel migration reveal that the river system has not yet achieved equilibrium, but is undergoing
continuous transformation. These results reinforce the importance of integrating geomorphological monitoring with
engineering interventions in river basin management. Sustainable strategies must prioritize adaptive management,
bank protection, and socio-environmental safeguards to mitigate the risks of land loss, displacement, and livelihood
disruption for communities along the Teesta floodplain.
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