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Abstract

This study examines the spatio-temporal dynamics of erosion and accretion in the Jamuna River from 2010 to 2024
using satellite imagery and Google Earth Engine (GEE). Waterbody extents for the years 2010, 2015, 2020, and
2024 were derived using the Normalized Difference Water Index (NDWI), a widely used technique for detecting
water bodies from satellite images. Change detection maps were generated for three consecutive time intervals
(2010-2015, 2015-2020, 2020-2024) as well as cumulative periods (2010-2020, 2010-2024). These maps captured
both short-term fluctuations and long-term trends in river morphology. The derived data was processed using QGIS
to calculate area statistics, enabling the identification of regions experiencing significant erosion or accretion. The
study reveals important insights into the dynamics of riverbank changes, particularly in the areas of high erosion,
which were concentrated around specific meander zones of the Jamuna River. This methodology, integrating GEE
and GIS-based analysis, provides a valuable tool for river management, offering spatially explicit insights into
river change patterns. The approach can be applied to other river systems experiencing similar erosion and
accretion phenomena, making it a scalable framework for environmental monitoring and decision-making.
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1 Introduction

The Jamuna River, one of the major rivers in Bangladesh, experiences significant morphological changes over
time due to erosion and accretion, which have a direct impact on surrounding land, communities, and infrastructure
(Best et al., 2022; Sarker et al., 2014). The continuous erosion of riverbanks and formation of new land through
accretion create both challenges and opportunities for land use and flood management (Rahman, 2010). Monitoring
these changes is critical for understanding the river’s behavior and for making informed decisions related to land
use planning, flood mitigation, and disaster management (Haque et al., 2023).

Traditional field-based monitoring methods are often limited in spatial and temporal coverage. In contrast, satellite
remote sensing offers a powerful and efficient alternative for large-scale river monitoring (Rahman, 2022). Despite
this advantage, few studies have analyzed the long-term morphological dynamics of the Jamuna River using cloud-
based platforms like Google Earth Engine (GEE), which provide access to vast archives of satellite data and enable
automated processing for temporal analysis (Islam et al., 2019).

In this study, satellite data from Google Earth Engine (GEE) is used to analyze the spatio-temporal dynamics of
erosion and accretion in the Jamuna River from 2010 to 2024. The study employs the Normalized Difference Water
Index (NDWI) to detect waterbody extents for the years 2010, 2015, 2020, and 2024 (Ali et al., 2019; Rokni et al.,
2014). Using change detection techniques, maps are generated for the time intervals 2010-2015, 2015-2020, and
2020-2024 to capture both short-term and long-term river dynamics. The generated maps are analyzed to calculate
the areas of erosion and accretion, providing insights into the river’s morphological changes.

The main objectives of this study are to (i) generate waterbody extent maps using NDWI for the specified years,
(ii) analyze the spatio-temporal dynamics of erosion and accretion through change detection, and (iii) provide
valuable insights that can assist in river management and planning for flood control, infrastructure, and disaster
mitigation in the Jamuna River system.

2 Study Area and Dataset

The study focuses on a reach of the Jamuna River in the northwestern region of Bangladesh, specifically around
the Sirajganj and Bogura districts. The river system is known for its dynamic and changing morphology, with
significant areas of erosion and accretion observed along its banks. This study covers a region of approximately
2,425.37 square kilometers (between 24.3294°N, 89.6538°E and 24.5263°N, 89.8667°E), encompassing the river's
main flow as well as its meandering zones. The area includes several key locations such as China Badh, Jamuna
Eco Park, and Makimpur, providing a diverse setting for monitoring river dynamics. This section of the Jamuna
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River is particularly significant due to its exposure to rapid morphological changes and flood-prone nature, making
it crucial for ongoing monitoring and management.

For this study, satellite data was used to analyze the spatio-temporal dynamics of erosion and accretion in the
Jamuna River between 2010 and 2024. Waterbody extents for the years 2010, 2015, 2020, and 2024 were derived
using the Normalized Difference Water Index (NDWI) in Google Earth Engine (GEE). Change detection
techniques were applied to create maps for the intervals 2010-2015, 2015-2020, and 2020-2024 to capture both
short-term and long-term changes in the river’s morphology (Aher et al., 2012; Mohamad et al., 2018). The results
provide valuable insights into the spatial distribution of erosion and accretion, which were processed in QGIS to
calculate area statistics and visualize the spatial patterns of change in the river system.

3 Methodology

This study adopted a GIS-based change detection framework using Google Earth Engine (GEE) and QGIS to
assess the erosion and accretion dynamics of the Jamuna River from 2010 to 2024. The methodology was carried
out in four main steps: data selection, preprocessing, change detection using satellite imagery, and final analysis
of the riverbank changes through spatial mapping. Similar frameworks have been effectively applied in river
change detection studies worldwide.

3.1 Selection of Criteria and Dataset Preparation
Based on literature review and environmental guidelines, four spatial criteria were selected: waterbody extent,
Normalized Difference Water Index (NDWI), erosion, and accretion. These parameters were chosen for their
relevance to river morphology and proven applicability in hydromorphological studies.
The NDWI values were derived using Landsat surface reflectance imagery available in Google Earth Engine
(GEE). Specifically, Landsat 5 TM data were used for 2010, Landsat 8 OLI data for 2015 and 2020, and Landsat
9 OLI-2 data for 2024. These datasets (Collection 2, Tier 1, Level-2) provide atmospherically corrected surface
reflectance products suitable for long-term change detection analysis (Kshetri, 2018).
The Normalized Difference Water Index (NDWI) is widely used to delineate surface water bodies by enhancing
the contrast between water and non-water features. It utilizes the green and near-infrared (NIR) spectral bands to
maximize water reflectance while minimizing the influence of vegetation and soil. The NDWI is calculated using
the formula:

(Green — NIR)

NDW] = ————=
(Green + NIR)

For Landsat imagery, this corresponds to Band 2 and Band 4 for Landsat 5 TM, and Band 3 and Band 5 for Landsat
8and 9 OLI.

3.2 Data Processing and Change Detection

The derived waterbody extents were processed in QGIS to calculate area statistics for erosion and accretion zones.
All spatial datasets were processed and exported using the WGS 84 / UTM Zone 46N coordinate reference system
(EPSG:32646) to ensure spatial consistency and accurate area calculations across different years. These areas were
visualized and classified into two categories: Erosion and Accretion. Change detection maps were generated using
the GEE platform, where NDWI thresholds were applied to differentiate waterbody extents for different years (Ji
et al., 2009). The change detection process captured both short-term changes (2010-2015, 2015-2020) and long-
term trends (2010-2024) in river morphology.

3.3 Area Calculation and Spatial Analysis

Following the change detection process, the area of erosion and accretion for each time interval (2010-2015, 2015-
2020, and 2020-2024) was calculated using the QGIS tool. The spatial distribution of these changes was then
visualized and analyzed to identify key areas of significant morphological changes. This spatial analysis also
included the generation of maps displaying the areas of erosion and accretion over time, with specific attention
given to meandering zones and areas with significant land loss.

3.4 River Dynamics Analysis and Interpretation

The final analysis involved interpreting the changes detected in the Jamuna River system. The erosion and
accretion zones were cross-referenced with existing floodplain maps and geographical features, such as settlements
and infrastructure, to assess the potential impact of these changes on local communities (Rahman, 2010). The
analysis aimed to provide a better understanding of the long-term river dynamics and their implications for land
use and river management.
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4 Results and Discussions

4.1 Erosion and Accretion Analysis

The analysis of erosion and accretion in the Jamuna River over the period from 2010 to 2024 revealed significant
spatio-temporal changes. The results of the area calculation for each time interval are shown in Table 1. During
the period of 2010-2015, the Jamuna River experienced considerable erosion with 56.23 km2 of land lost to erosion,
while 53.51 km? of land was gained through accretion. In the subsequent period, 2015-2020, there was a marked
decrease in erosion and accretion compared to the previous interval, with 27.6 km?2 of erosion and 29.24 km? of
accretion observed. The 2020-2024 period witnessed further stabilization, with 26.39 kmz2 of erosion and 26.79
km? of accretion, indicating that the riverbanks began to stabilize after the initial rapid changes. The cumulative
period from 2010 to 2024 saw a total erosion area of 35.25 km? and a total accretion area of 34.56 kmz, highlighting
the balance between erosion and accretion in this stretch of the river.

Erosion decreased by 50.9% from 2010-2015 (56.23 km?) to 2015-2020 (27.60 km?), indicating substantial
stabilization of the riverbank. It further decreased slightly by 4.4% from 2015-2020 to 2020-2024 (26.39 km?),
suggesting continued but slower stabilization. Overall, from 2010-2015 to 2010-2024, erosion declined by 37.3%,
reflecting long-term improvement in bank stability.

Accretion decreased by 45.3% from 2010-2015 (53.51 km2) to 2015-2020 (29.24 km?), followed by a minor decline
of 8.4% between 2015-2020 and 2020-2024 (26.79 km?). The overall reduction of 35.4% in accretion from 2010-
2015 to 2010-2024 suggests a gradual decrease in depositional activity along the studied river reach.

4.2 Temporal Trends in Riverbank Changes

The erosion-accretion maps generated for the intervals 2010-2015, 2015-2020, and 2020-2024 reveal distinct
spatial patterns of erosion and accretion along the Jamuna River. The 2010-2015 erosion-accretion map (Figure 1)
shows the most significant morphological shifts, with erosion predominantly occurring in the northern meander
bends, while accretion was observed along the southern banks. In contrast, the 2015-2020 map (Figure 2) indicates
a decrease in both erosion and accretion, with fewer areas experiencing large-scale changes, suggesting that the
river began to stabilize. The 2020-2024 map (Figure 3) further confirms the trend of stabilization, with a more
uniform distribution of erosion and accretion, particularly in the middle stretches of the river.

4.3 Spatial Distribution and Impact on Local Communities

The spatial distribution of erosion and accretion zones, as shown in the change detection maps, suggests that certain
regions of the river are more susceptible to erosion, particularly around meander bends and areas near settlements.
These zones, identified through the analysis, are at risk of losing land and affecting local communities that rely on
agriculture and other river-dependent activities. Conversely, the areas of accretion present opportunities for land
reclamation and expansion, especially along the southern banks where new land has formed.

The results also highlight the importance of river management strategies, as both erosion and accretion are critical
factors in flood risk management, land use planning, and infrastructure development. The insights gained from the
generated maps and area statistics are essential for policymakers and local authorities in making informed decisions
about the management of the riverbank and surrounding areas.

4.4 Discussion

The Jamuna River has demonstrated dynamic morphological changes over the 14-year study period, with
significant erosion occurring in specific regions, especially in meandering sections. While the rate of change has
slowed down over the years, the overall balance between erosion and accretion remains a key concern for future
river management. The use of Google Earth Engine and QGIS for processing satellite data and calculating area
statistics provides a comprehensive tool for monitoring river dynamics over extended periods. This method can be
applied to other rivers facing similar challenges, offering a scalable and effective framework for river change
detection and management.

Table 1. Erosion and Accretion Area Calculation

Year Interval Erosion (km?) Accretion (km?)
2010-2015 56.23 53.51
2015-2020 27.6 29.24
2020-2024 26.39 26.79
2010-2024 35.25 34.56
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Figure 3. Erosion-Accretion Map (2020 to 2024).
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Figure 4. Erosion-Accretion Map (2010 to 2024).

This study analyzed the spatio-temporal dynamics of erosion and accretion in the Jamuna River from 2010 to 2024
using satellite imagery and Google Earth Engine (GEE). The results indicate significant erosion during the earlier
years, especially from 2010 to 2015, followed by stabilization in the 2015-2024 period. The total area of erosion
(35.25 km2) and accretion (34.56 km?) for the 2010-2024 period highlights a balance between the two processes.

2069



S. M. Akil, M. R. Joy & G. M. Munna
ICCEI 2025

These findings provide valuable insights into the river's morphological changes, offering essential data for river
management, flood risk assessment, and infrastructure planning. The use of GEE and satellite data presents an
efficient and scalable approach to monitoring river dynamics, with potential for application in other river systems
globally. Future research could combine hydrological measurements and sediment transport data to build
predictive tools, enabling early-warning assessments and more proactive management of erosion and accretion
along the Jamuna River.
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