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Abstract

Reservoir sedimentation holds a significant threat to the sustainability of water infrastructure worldwide. This
study assesses the sedimentation pattern in the Kaptai Reservoir, Bangladesh’s largest artificial lake, using an
integrated remote sensing and Geographic Information System (GIS) approach. Digital Elevation Models (DEMs)
from 2000 and 2021 were processed using a cut-and-fill technique of GIS to calculate volumetric changes resulting
from erosion and deposition. Besides, Landsat imagery from 2014 to 2024 was analyzed using the Normalized
Difference Water Index (NDW!I) to extract waterbody extents, which were then paired with elevation capacity data
to estimate annual variations in storage. The results depict a cumulative storage loss of 1.69 million acre-feet over
57 years, corresponding to an average sedimentation rate of 29,716 acre-feet per year. DEM-based analysis
between 2000 and 2021 yielded a comparable rate of 28,461 acre-feet per year. This study investigates the
feasibility of utilizing geospatial methods for long-term, effective monitoring of reservoir sedimentation in data-
scarce regions.
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1 Introduction

Reservoir sedimentation warrants significant concern in water resource management, particularly in rainfall-prone
countries such as Bangladesh (Wahab et al., 2025). The Kaptai Reservoir, which was constructed in 1961, is
Bangladesh’s largest multipurpose reservoir, providing support for hydropower, irrigation, and flood control
(Wahab et al., 2025). Over decades, sediment buildup has reduced its storage capacity, yet remains inadequately
monitored due to the limitations of traditional surveys (Alganci et al., 2018). Remote Sensing (RS) and GIS offer
efficient alternatives, enabling volumetric analysis through satellite imagery and DEM differencing (Jha et al.,
2024). Global studies on Kadana, Legedadi, and Rihand reservoirs have proven the effectiveness of such
approaches (Jha et al., 2024; Goel et al., 2002). However, Kaptai lacks a comprehensive sedimentation assessment
using these techniques. The aim of this study is

* To identify sedimentation and erosion zones in the Kaptai watershed using DEM data (2000 & 2021) and estimate
the average annual sedimentation rate.

* To evaluate temporal changes in Kaptai Reservoir’s storage volume (2014—2024) using Landsat imagery.

* To develop and compare the original elevation—capacity curve (1967) with the remote sensing—derived curve
(2024), and validate the sedimentation rate from the curve with DEM-based annual sedimentation estimates.

2 Study Area

The Kaptai Reservoir is located in the Rangamati district of southeastern Bangladesh. It is the largest artificial lake
in Bangladesh, constructed in 1961 by damming the Karnaphuli River for hydropower generation. It covers a
catchment area of about 11,003 km2 and receives inflows from rivers such as the Karnaphuli, Kassalong, Chengi,
Miyani, and Rainkhyong (Do et al., 2022). Figure 1 depicts the geographic location of the Kaptai Reservoir in
southeastern Bangladesh, within the Rangamati District. The region's steep terrain, high rainfall, and deforestation
have intensified erosion, making Kaptai a suitable site for sedimentation studies using remote sensing.
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Figure 1. Location of Kaptai Reservoir in Bangladesh

2 Methodology

This study employs a dual-method approach, combining remote sensing and elevation data, to estimate
sedimentation in the Kaptai Reservoir. Two datasets were utilized: DEMs from 2000 and 2021, and Landsat
satellite imagery (2014-2024). DEM differencing (cut and fill) was employed to detect elevation changes
indicative of erosion and sediment deposition, and from these, the sedimentation rate was calculated over the 21
years. At the same time, the surface water area from satellite images was analyzed using the NDWI to track
temporal variations in volume and sedimentation rate.

e Inthe DEM analysis, DEMs are first preprocessed, and then the cut-fill tool of GIS is used to determine
the sedimentation and deposition zones. From the results of the cut-fill analysis, the sedimentation rate
was calculated.

¢ In the Landsat imagery method, using the NDWI index, the volumes of the water were calculated with
the help of elevation data, and from the calculation, the rate of sedimentation is also estimated.

2.1 DEM-Based Sediment Analysis

The 2000 and 2021 DEMs were pre-processed to ensure uniform resolution, projection, and accuracy (Alganci et
al., 2018). After geometric correction and clipping to the Kaptai watershed boundary, elevation differences were
computed using DEM subtraction. Positive values (red marked) represented sedimentation zones, while negative
values (blue marked) indicated erosion in the Figure. The cut-and-fill tool in GIS software was used to quantify
volumetric changes (Lidzhegu et al., 2020).
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Figure 2. Reservoir Sedimentation and Erosion Analysis Using DEM-Based Cut-Fill Assessment

The total sedimentation volume in Kaptai Reservoir from 2000 to 2021 was estimated at 775605.1417 acre-feet
using DEM-based cut-and-fill analysis, and the

775605.1417
21

Sedimentation Rate = = 28461.10 acre-feet/year Q)

This indicates a consistent yearly reduction in storage capacity.

Satellite-Based Volume Estimation:

Landsat imagery from 2014 to 2024 was processed to extract waterbody extents using the NDWI described in
Figure 3.

NDWI = (Green — NIR) (2)

(Green + NIR)
NDWI values greater than zero identified water pixels, enabling the calculation of surface area, as shown in

Table 1. These areas, paired with corresponding water elevation data from BWDB, were used to estimate
reservoir volume via the trapezoidal formula (McFeeters, 1996):
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Figure 3. NDWI and extracted water body of Kaptai Reservoir
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Table 1. Area from the NDWI process
mask_24 3 _23.tif
OID | Value ] Countl Area_sq_km]
» 0 1| 198092 178.2828 |
Area = No of water pixel * one pixel Areaz%ézgw:l?&%% sq. km 4

For the date 24/03/2023, the mean height is 85.93 ft msl, with a water spread area of Al = 178.283 sg. km
44054.571 acres; for 10/3/2024, the mean height is 91.61 ft msl, with a water spread area of A2 = 215.977 sg. km

=53368.898 acres.
_ (91.61-85.93)

v X (44054.571+53368.898+ V44054.571 x 53368.898) (5)

= 276260.176 acres-ft.
All calculations for determining consecutive volumes in this study were performed using equations similar to the
one presented above, as shown in Table 2. Figure 4 illustrates the yearly variation in Kaptai Reservoir’s storage
capacity from 2014 to 2024, derived using Landsat imagery and elevation capacity data. The trend exhibits seasonal

fluctuations, accompanied by an overall decline, suggesting a gradual loss of storage due to sedimentation.

Table 2. Temporal VVolume Variations in Kaptai Reservoir (2014-2024) Derived from Landsat Satellite Imagery
Analysis
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Figure 4. Temporal variation in storage capacity (acre-ft)

Elevation Capacity Curve Revision:

The historical capacity curve (1967, Nippon Koei mapping) was used as a baseline. By comparing satellite-
derived volumes with historical capacities at similar elevations, sedimentation volumes were computed. In
Figure 5, a revised elevation—capacity curve was then generated to reflect current storage losses (Do et al., 2022)
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Figure 5. Comparison graph between the original elevation-capacity curve (1967) and the remote sensing

elevation-capacity curve (2024).

The original capacity of Kaptai Reservoir in 1967 was 4,682,706 acre-feet, while the current estimated capacity in
2024 is 2,988,861 acre-feet, indicating a total loss of 1,693,845 acre-feet over a period of 57 years. This
corresponds to an average annual sedimentation rate of 29,717 acre-feet/year. The total capacity loss is 36.17%,
with an average annual loss of approximately 0.635% per year.

3 Results and Discussion

This study depicts persistent sedimentation in the Kaptai Reservoir since its commissioning. Remote sensing
analysis of Landsat imagery (2014-2024) estimated the current storage capacity at 2,988,861 acre-feet, compared
to the original 4,682,706 acre-feet in 1967 (Do et al., 2022). This represents a 36.17% reduction, equivalent to a
total capacity loss of 1,693,845 acre-feet, averaging 29,717 acre-feet/year over 57 years.
DEM-based cut-and-fill analysis (2000-2021) revealed a loss of 775,605 acre-feet, corresponding to an annual
sedimentation rate of 28,461 acre-feet/year. Spatial analysis revealed significant volume loss in mid- and lower-
elevation zones, indicating heavier sediment deposition in deeper parts of the reservoir. The integration of NDWI-
based water surface extraction and elevation—capacity curve comparison demonstrated the potential of satellite-
based techniques in assessing long-term sedimentation trends.

Model Validation

The close agreement between the Landsat-BWDB-based sedimentation rate (29,717 acre-feet/year) and the
DEM-derived rate (28,461 acre-feet/year) provides strong validation of the model’s reliability. This consistency
between two independent approaches confirms that the applied remote sensing and DEM methodologies are
effective for estimating long-term reservoir sedimentation. The validated results indicate that the developed
model can be confidently used to monitor storage loss and sediment dynamics in the Kaptai Reservoir and
similar environments

4 Conclusion
This study applied an integrated remote sensing and DEM-based approach to quantify sedimentation in the
Kaptai Reservoir. DEM differencing (2000-2021) and Landsat analysis (2014-2024) showed consistent annual
sedimentation rates of ~28,461 and 29,717 acre-feet, respectively. The cumulative capacity loss of 1.69 million
acre-feet represents a 36.17% reduction since 1967, highlighting the severity of sedimentation. The revised
elevation—capacity curve offers updated insights into declining storage, and the remote sensing approach has
proven to be cost-effective and scalable. These findings underscore the importance of proactive sediment
management and the effectiveness of geospatial tools in monitoring reservoir health.
Recommendations:

e Use higher-resolution satellite data (e.g., Sentinel-2, PlanetScope, LiDAR) to improve spatial precision

in detecting elevation and area changes.
o Integrate periodic field surveys to validate remote sensing estimates and strengthen validation.
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o Consider factors like rainfall intensity, slope, soil type, vegetation, and land use when analyzing

sedimentation causes and patterns.
Boundary Conditions:

e Temporal: DEM analysis (2000-2021) captured long-term changes; Landsat analysis (2014—2024)
captured decadal variations.

e Hydrological: Only main inflows from Karnafuli, Kassalong, Chengi, Miyani, and Rainkhyong rivers,
with outflow at Kaptai Dam is considered.

e Assumptions: DEM changes reflect only sedimentation and erosion. Water level data were considered
consistent. Short-term events, such as floods, landslides, or extreme erosion, were excluded, with the
focus on long-term trends.
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