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Abstract

The Padma River, one of the major rivers in Bangladesh, which is famous for its rapid current characteristics, has
faced intense riverbank erosion in recent years. This erosion is largely due to the frequent shifting of river
channels. The Padma Bridge, an important infrastructure project for Bangladesh's economy, has also influenced
the erosion and accretion dynamics of the Padma River. This study focuses on analyzing riverbank erosion and
accretion along the Padma River from the year of 2006 to 2024 using geospatial techniques. Satellite images from
Landsat 8-9, Landsat 7 and Landsat 4-5 satellites were used to measure the changes in the river's courses to assess
the dynamics of erosion and accretion of Padma. Results show that the average annual rates of erosion and
accretion over the past 18 years were 202.02 km? and 189.01 km?, respectively with the highest rates occurring
between 2012 and 2015, followed by an overall decreasing trend in erosion and accretion along the Padma
between 2021 to 2024. However, in recent years, a few hotspots have been identified in the lower Padma showing
a dramatic increase in erosion and accretion. This study identified 4 hotspots in Faridpur, Madaripur, Munshigonj
and Shariatpur districts. It is found that during the river training and piling activities of the Padma bridge, the rates
of erosion and accretion were as high as it was before. When the river training and piling works were almost
finished, there was a significant reduction in the rates of erosion and accretion. The findings of this study provide
insights about the evolving morphology of the Padma River, offering valuable guidance for planning, and
infrastructure development in this floodplain.

Keywords: Padma River; Erosion-Accretion; GIS and Remote Sensing; Padma Bridge; River Morphology,
ArcGIS.

1. Introduction

In Bangladesh, the Padma is one of the most important rivers amongst other big rivers, contributing significantly
to the economic development of this country, especially the southern part, by enriching agriculture, transportation,
and commerce. In this context, a branch of the Ganges River enters Bangladesh via Rajshahi. This section of the
Ganges River is known as the Padma in Bangladesh, but the main Padma River starts after it connects with the
Brahmaputra at Dauladia, and it flows as Padma for approximately 110 km until it meets the Meghna River at
Chandpur. Over 30 million people are directly dependent on the river for their livelihoods, agriculture, and daily
needs (Ahmed, 2024). This river has a highly dynamic morphological nature, which induces a lot of erosion and
accretion in the river stream that greatly influences riverbank stability and floodplain connectivity, and each year
the livelihoods of thousands of native people along the riverbank are affected by erosion and accretion, leading to
frequent displacement, loss of land, and occupational changes among char dwellers (Siam Alam et al., 2023).
These morphological changes arise from a complex interaction between the river’s different characteristics, i.e.,
natural hydrodynamics, sediment transportation, climatic variability, and increasing anthropogenic impacts such
as hydraulic structures and river training works (Sarker et al., 2021). Multi-temporal satellite imagery analyses
give a clear view of spatial and temporal variations in erosion and deposition, with the river showing alternating
meandering and braided channel patterns (Billah, 2018; Islam et al., 2020). These planform changes are connected
with the fluctuations in sediment load, variability of flow conditions, and also human activities (Sarker et al.,
2021). For quantitative assessment of the planform, morphological parameters such as sinuosity index and braiding
index are being widely adopted to characterize channel complexity and stability. The braiding index efficiently
quantifies the variety between meandering and braided states of the river, reflecting sedimentation-energy
interactions and channel diversity (Brice, 1964; Islam et al., 2020; Leopold and Wolman, 1957). Empirical studies
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showed a negative correlation between sinuosity and braiding parameters consistent with global river behavior,
where single-thread channels exhibit high sinuosity and multi-thread channels display increased braiding
(Robertson-Rintoul and Richards, 1993). The Padma River has shown an increasing trend of braiding in recent
years, attributed to climate change effects and intensified human activities (Islam et al., 2020; Shahid et al., 2024).
The construction of the Padma Bridge and the construction and river training works associated with it have
introduced significant morphological alteration by changing local erosion and accretion patterns and greatly
impacting the downstream channel stability (Islam et al., 2020). Furthermore, recent analysis of the Padma River
using satellite imagery has shown detailed morphological changes of the river with quantification of erosion and
accretion rates along the river channel, highlighting abnormal channel shifting and the river’s sensitivity to climatic
and anthropogenic activities (Rahman et al., 2021; Huda and Naim, 2021). The rapid changes in river formations
lead to environmental concerns that endanger the aquatic ecosystems, fisheries, and overall biodiversity.
Therefore, this study is conducted to assess the erosion and accretion of the Padma River by analyzing the
secondary data collected from satellite imagery from Landsat 4-5 and Landsat 7-8 for the time period of 2006 to
2024. This time frame (2006-2024) is selected to examine the effect of the overall construction of the Padma
Bridge, which may increase the alteration process of the river stream line. In this process, the sinuosity index is
applied separately in the upstream and downstream of the river according to the Padma Bridge, where the reach
from the bridge to the upper confluence and the bridge to the lower confluence are respectively considered as
upstream and downstream, and the braiding index is applied throughout the entire river. The findings from this
study are expected to help visualize the impact of the Padma Bridge and provide insight for regular monitoring of
existing river training work and future risk-mitigating infrastructure in risk-prone areas.

2. Study Area:

The study area covers 110 km of the river course between the point where the Padma meets the Upper Meghna
River at Chandpur District (latitude 23°20'10.60"N, longitude 90°30'25.99"E) and the confluence of the Ganges
and Jamuna rivers at Rajbari District (latitude 23°49'43.72"N, longitude 89°41'4.61"E).
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Figure 1: Study area.

Both sides of the riverbank were taken into the analytical process for finding out the overall dynamics and
morphological changes due to erosion and sedimentation processes. The effect of Padma Bridge’s construction on
the river’s erosion and sedimentation behavior is the major area of interest of this study. The districts of Faridpur,
Madaripur, Munshiganj, and Shariatpur were found to have notably high rates of channel migration and riverbank
shifting. Significant morphological changes occurred even after River Training Works (RTW) were implemented
on the bridge approach regions, which are 13.08 km on the Zanjira side and 3.135 km on the Mawa side (Ahmed,
2024). These findings show that the bridge construction activities have changed the river flow regime.

3. Materials and methodology:

This study primarily used secondary data sourced from United States Geological Survey (USGS) Earth Explorer
platform. Landsat satellite imagery spanning the years 2006 to 2024 was selected to analyze the morphological
dynamics of the Padma River.

The study period was selected by giving priority to the construction timeline of Padma Bridge, which began in
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2015 and achieved significant piling and pier completion by mid-2020, facilitating a thorough evaluation of
riverbank erosion and accretion regarding the bridge's influence (Ahmed, 2024; Islam et al., 2020). To extract
water bodies and to accurately delineate the riverbanks, the Normalized Difference Water Index (NDWI) was
calculated using the images from Landsat 4-5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper Plus
(ETM+), and Landsat 8 Operational Land Imager (OLI). The NDWI is calculated by the equation: NDWI = (Green
— NIR)/(Green + NIR). Initially, images from April and May were specifically selected as this pre-monsoon season
period transitions between the dry season to the onset of the monsoon, when river swelling begins due to increasing
upstream flow and localized rainfall. Additionally, satellite images have less cloud coverage during these periods
relative to the peak monsoon season, which enables clearer and consistent river morphological analysis.
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3.2 Sinuosity Index

Sinuosity index (SI) is a dimensionless index which is the ratio of the actual channel length measured along the
river’s thalweg to the straight-line or valley length between the same two points; which provides information
about river’s morphological behavior by giving values from 1 to 1.5, where 1 indicates a nearly straight river and
values exceeding 1.5 characterize meandering rivers (Hooke, 2003; Simon and Hupp, 1986; Leopold and Wolman,
1957). In this study, the SI was calculated using the formula: SI = Channel Length (CL)/Valley Length (VL). This
approach allows the temporal comparison of changes of channel planform by using satellite-derived centerline,
and with this, the active migration area and morphological shifting zone can be highlighted, which may be driven
by natural processes or human activities like the Padma Bridge. Additionally, this index varies with spatial scale,
and through multi-scale analysis, deeper insight into river behavior can be determined (Petrovszki et al., 2011)

3.3 Braiding Index

The Braiding Index (BI) is a widely used parameter for quantifying the complexity and degree of braiding in a
river (Brice, 1964; Friend and Sinha, 1993). As a higher Braiding Index is connected with more channel instability,
bank erosion, and dynamic sediment transport mechanisms, Bl is an important indicator of river morphology
(Billah, 2018). BI = Total Length of all channels (Lt) / Total Length of main channel (Lm)

The Padma River carries a lot of sediment as it is a perennial river, and also due to some human interventions like
the Padma Bridge and associated river training works, which have altered flow and sediment dynamics, the BI
became an essential tool for monitoring the morphological changes (Sarker et al., 2021). For planning and carrying
out the river management and flood protection work efficiently, the determination of BI can help to find the erosion
hotspots and assess riverbank stability.
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4. Result & Discussion:
4.1 Overall Change in Erosion and Accretion of the Padma River

The overall analysis of erosion and accretion of the whole Padma was done from 2006 to 2024, which gives a
clear view of temporal changes on the river. The graph reveals that in the initial years from 2006 to 2008, the
amount of erosion was high, with a value of 181.44 km? where accretion was 87.54 km? Over the next years,
from 2008 to 2010 and from 2010 to 2012, accretion rates began to increase and matched or exceeded erosion,
which indicates the river’s natural tendency of active channel migration and land formation. A noticeable peak in
both erosion and accretion was found in the period between 2012 to 2015, with 202.22 km? of erosion and 189.01
km? of accretion. The high amount of changes during this period likely showcases heightened river instability due
to both natural variability and early construction disturbances. In the period of 2015 to 2018 the both erosion and
accretion reduced to a significant amount, showing 128.00 km? of erosion and 128.08 km? of accretion. In the
following periods, erosion continues to decrease further and becomes 116.05 km? in 2018 to 2021 and ends up
reaching 88.08 km? in 2021 to 2024, while accretion remained relatively consistent, exceeding erosion in 2018 to
2021 with a value of 131.82 km? and in the 2021 to 2024 period accretion became 116.95 km?. These shifts indicate
that the implementation of river training structures and the completion of major bridge components gradually
reduced the riverbank erosion and showed a more stable balance between erosion and accretion. The post-2021
data marked by a stabilized or even accretion-favored balance suggest that the river is adapting to the flow and
sediment regime changes induced by the Padma Bridge infrastructure

4.2 Bank shifting in important spots

In this section, the riverbank shifting was analyzed over time from 2006 to 2024 at four important locations
identified by visual analysis. In the upstream section, the river was shifted about 2.6 km at Harirampur upazila
and 6.78 km in the Sadarpur—Shibchar area between 2006 and 2024. During the pre-construction phase from 2006
to 2015 the river moved 1.54 km to the left at Harirampur, and during the construction and post-construction
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period from 2015 to 2024, it shifted more than 1.06 km. Similarly, near Sadarpur and Shibpur upazila, the river
shifted 3.66 km to the right from 2006 to 2015, and more 3.12 km from 2015 to 2024. In the downstream section
at Lohajang Upazila, the river shifted 0.47 km to the left during 2006 and 2015 but from 2015 to 2024 it moved a
further 4.53 km. At Zanjira, the river moved 0.72 km to the right during the earlier period and 1.11 km more
afterward. From this analysis, it can be found that the amount of riverbank shifting decreased in the upstream
section during and after construction, while shifting increased in downstream locations. This indicates that the
Padma Bridge construction may have had a clear effect on the river's flow direction and stream path.

4.3 Change in Sinuosity Index

For analyzing the changes in the sinuosity Padma River course was divided into upstream and downstream
sections according to the Padma Bridge. The sinuosity index was calculated by comparing the river’s curved
length with its straight-line distance between fixed endpoints. In the upstream section, the curved length was
approximately 70.10 km in 2006 and increased to 74.09 km in 2021 due to continuous lateral shifts. Specifically,
the upper part of the upstream section showed movement toward the left bank near Harirampur Upazila, while the
lower part of the same section shifted toward the right bank near Sadarpur Upazila and Shibchar Upazila. The
value of the sinuosity index reached a peak in 2021 with a value of 1.131 and after this, the value decreased in the
following year and became 1.071 in 2024, likely due to sedimentation, channel straightening, or stabilization. In
the downstream section, the curved length of the river was 39.23 km in 2006, which increased to 40.72 km in
2024. The upper portion of the downstream section shifted toward the left bank near Lohajang Upazila, while the
lower portion of this section shifted toward the right bank at Zanjira Upazila. This resulted in a continuous rise in
the sinuosity index, which was 1.028 in 2006 and increased to 1.204 in 2024. In all these years, the sinuosity index
remained above 1.05, which confirms the sinuous nature of the Padma River. Linear regression analysis indicates
a positive trend at downstream (r = 0.9) and upstream (r = 0.7). Though these trends were determined considering
the overall changes from 2006 to 2024, a recent decline in the value of the sinuosity index was observed in the
upstream which suggests channel straightening or reduced meandering, possibly influenced by sediment
deposition or structural interventions near the Padma Bridge.

4.4 Change in Braiding Index

The braiding index was calculated from 2006 to 2024 for the full Padma river course. This index helps to
understand how much the river splits into multiple channels, which indicates how dynamic or stable the river was
over time. In 2006, the braiding index (BI) was highest with a value of 3.48, which means the river had more
active channels and was highly braided at that time. After that, the index gradually decreased and became 2.43 in
2012, which indicates a shift toward a more simplified or stable channel pattern. However in 2015 the index again
increased to 3.18, suggesting the river became more braided possibly due to higher flow or more sediment entering
the flow system. In 2018 the value dropped to 2.53 and again increased to 2.90 in 2021. In 2023 and 2024 the
values were 2.77 and 2.84 respectively. These ups and downs in the braiding index value indicate that the Padma
River channel formation did not remain steady. It has gone through phases of both simplification and re-braiding
which might be due to a mix of natural factors like floods or sediment changes and human activities such as river
training works and the construction of the Padma Bridge.

5. Conclusion

This paper offers a complete GIS-based analysis of the erosion and accretion processes of the Padma River
between 2006 and 2024, especially to gain insight into how the Padma Bridge would work. The study managed
to determine the main morphological changes using the Landsat satellite imagery and geospatial methods, quantify
the rate of erosion and accretion by establishing the sinuosity index and braiding index, one of the methods of
measuring the overall stability of a river. The outcome shows three different phases of behavior in the river. As
shown in the pre-construction levels (2006 and 2015), erosion and accretion were recorded as high with a
maximum of about 202.22 km2 and 189.01km2 respectively showing destabilization. During the construction
phase (2015-2018), the activities of both processes decreased and united in an area of about 128 km2, which was
a shift towards stabilization. Post-construction erosion also continued to decline to 88.08 km2 in 2018 to 2024,
with accretion remaining constant at 116.95 km2 bringing about an indication that the river was at the stage of
accretion dominance. The morphological indices supported these trends. Sinuosity Index in the upstream region
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started increasing up to 2021 and then it decreased possibly because of sediment deposition or implementation of
structure. A stretch of the river, on the contrary remained downstream quite vigorously meandering. The Braiding
Index is not constant over the period of the study, it is subject to various interactions of natural or other human
activities like river training works. There are certain limitations associated with this study. It was based on only
pre-monsoon satellite images and it did not use field data, discharge records or measurements on sediment loads.
These may have helped to give a better insight on seasonal and hydrological knowledge. Nevertheless, the results
eloquently indicate that although the Padma Bridge led to the stabilization of part of the river, it also caused
localized changes downward. This shows the need of the site-specific adaptive management of the rivers.
Comprehensively, the research can be very helpful to policymakers, engineers and environmental planners. The
combination of satellite information, field measurements and hydrodynamic modeling will be necessary to
continue monitoring this dynamic and complicated river system as new infrastructure development and climate
change, this will be the only method of management.
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