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Abstract  

  

This study investigated the effect of bed and water level changes with thalweg profile variation in the Rupsa-Pussur 

River, Bangladesh. Estimation of water and bed level variations of a river is essential for river management. The 

study was carried out at three different stations along the Rupsa-Pussur River based on cross-sectional data and 

water level data from the years 1995 to 2012. The research aims to analyze the dynamicity of bed level of this river 

and consequently observe the water level changes. The analysis revealed inconsistency in variation of cross-

sections over the years. The cross-sectional area varied rapidly at all three stations, RMP-6, RMP-10, and RMP-

13. As a consequence of the bed level lowering, water level dropped while the water level was raised as a result of 

bed level rise. The analysis noticed alternative scouring and silting patterns throughout the time in a particular river 

section throughout all the monitoring stations. Analysis revealed that the thalweg point shifting also varied at times 

at different places. The highest thalweg shifting was found at RMP-6 in comparison with other stations. These 

findings underscore the need for continuous monitoring and adaptive river management strategies.  
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1 Introduction  

 

In the literature of hydrology and geomorphology, rivers are defined as channels conveying surface water flow, 

whose shape and function are formed by the hydrological regime and geological context (Zeiringer et al., 2018). 

Bangladesh is often called the land of rivers due to the crisscrossed network of rivers. Knowing the river dynamics 

is essential for managing water resources, ensuring navigability, and mitigating environmental hazards. The Rupsa-

Pussur river system is a major tidal river located in southwestern Bangladesh. It plays as a vital component of the 

Sundarbans estuarine ecosystem, which is known as the largest mangrove forest in the world. (Rahaman et al., 

2014). The Rupsa-Pussur river system is the key channel for water exchange between the Sundarbans and the Bay 

of Bengal. It is one of the main routes for the Mongla Port which is  the second busiest seaport in Bangladesh. 

River discharge increases during monsoon and results in enhanced sediment transport. Meanwhile, in the dry 

season, lower flows are seen with higher sediment deposition rates (Uddin et al., 2024; Ali, Mahjabin, & Hossen, 

2012). Researchers have observed noticeable changes in water and mean bed level variation of the Rupsa-Pussur 

river system (Kadir & Naher, 2024). The most likely causes of these morphological changes are channel shifting, 

bed level variation, siltation, erosion, etc. Monitoring the siltation-erosion regularly is vital for assessing the river 

health. Water level in this river system is directly influenced by tidal flow from the sea, flows from upstream rivers, 

and seasonal rainfalls. Fluctuation in water level and continuous shifting of thalweg variation may directly affect 

salinity intrusion, sedimentation, and flood possibilities in surrounding areas. In addition, change in bed level also 

implies erosion-deposition in the riverbed, making navigability in the river doubtful. Previous studies have explored 

various aspects of river morphology and tidal hydraulics in different parts of the Ganges-Brahmaputra-Meghna 

(GBM) delta (Elahi et al., 2020). However, studies focused on thalweg variation and bed level changes on the 

Rupsa-Pussur River remain limited. Given the river’s strategic and ecological importance, there is a pressing need 

to investigate the river dynamics for sustainable river management and port support. Hence, this study aims to 

provide a spatiotemporal variation of thalweg, water level, and mean bed level in the Rupsa-Pussur River. The 

findings are set to give insight about the river’s response to morphological changes. It will help in sustainable river 

management and benefit policy makers, responsible authorities, and researchers. 
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2 Methods and Materials  

  

2.1 Study Area  

The Rupsa-Pussur river system extends from Khulna City through Mongla to the Sundarbans which is the prime 

freshwater route feeding the world’s largest mangrove forest. The river originated as the Bhairab or Rupsa near 

Khulna and renamed as Pussur near south of Chalna and receives a significant amount of discharge from the Gorai-

Madhumati river system via the Nabaganga. This study covers three major monitoring stations (RMP-6, RMP-10, 

and RMP-13). The stations are chosen in such a manner that they expand through urban, rural, and mangrove-

dominated zones (Figure 1). The unique and various spatial coverage of the river course enables a thorough 

assessment of hydrodynamics, sediment transport, and anthropogenic effects throughout for the critical reach of 

the river. Table 1 shows the coordinates of the stations. 

 

 

 
Figure 1. Station location map. 

 

Table 1. Station Coordinates.  

Station 

ID 

District Upazilla Left Bank Right Bank 

Lat Long Lat Long 

RMP6 Khulna Rupsha 22° 49' 10" 89° 34' 26" 22° 48' 58" 89° 34' 16" 

RMP10 Khulna Batiaghata 22° 41' 02" 89° 32' 16" 22° 40' 58" 89° 31' 37" 

RMP13 Bagerhat Rampal 22° 35' 09" 89° 33' 09" 22° 34' 54" 89° 32' 33" 

 

2.2 Data Source  

Cross-sectional data and Water Level Data from the years 1996 to 2012 were collected from the Bangladesh Water 

Development Board (BWDB). Resonance of sound principles has been used to collect the data. To conduct this 

novel research, three stations were identified, and their respective data were collected for investigation. Every 

station had a hypothetical reference point known as the chart datum (CD), determined by the PWD benchmarks in 

the area. Consistency checks on raw bathymetric data were performed to ensure all elevation points were referenced 

correctly to the Chart Datum (CD). Verification on the spatial relationship between consecutive cross-section years 

were done to find improbable, sudden and unrealistic change.  
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2.3 Methodology  

 

2.3.1 Analysis of Cross-sectional Shape Variation  

The study analyzed variation of the cross-section of a particular river section by analyzing historical data. Historical 

bathymetric survey data, and other necessary secondary data were collected from the BWDB. Microsoft Excel was 

used to overlay cross-section data from a specific station for two chosen consecutive years in order to demonstrate 

changes in morphology over time. For further evaluation of sediment movement and flow impact, these data can 

be fed into hydrological models (Uddin et al., 2017; Mersel et al., 2013). 

 

2.3.2 Analysis of Mean Bed Level Variation  

Mean bed level was analyzed by means of the graphical method. Superimposing bed profiles from different years 

at selected monitoring stations illustrated bed level variation. This is an easy and effective way to detect change 

along the river course. Merging the superimposed cross-sections with longitudinal bed profiles can also give 

insights about the morphological behavior of the river system (Uddin et al., 2017). 

 

The MBL was calculated by averaging the depths of the riverbed at discrete points across the width of the cross-

section using equation 1 (Navera et al., 2010, Uddin et al., 2017). 

                 
1

1 n

i

i

MBL y
n =

=                                                   (1) 

Here, MBL = Mean Bed Level (in meters, referenced to CD). 

yi = The measured water depth at the ith ordinate, or point of measurement (in meters). 

n = The total number of ordinates (measurement points) taken across the cross-section width. 

 

2.3.3 Analysis of Thalweg Profile Variation  

Thalweg is the line that joins the deepest points along a river channel which is essential for maintaining sediment 

balance and channel stability. The lowest elevation at each cross-section was plotted against the river chainage to 

create thalweg profiles. However, these profiles do not fully cover the entire bed-level variations but show the 

deepest course of a particular section. To get a better understanding of bed changes over time, comparing mean bed 

level profiles is more effective (Micheli & Kirchner, 2002; Uddin et al., 2017). Placing structures such as boulders 

along the thalweg can help control bed erosion and sediment deposition (Morris & Fan, 1998; Ikeda et al., 2017; 

Uddin et al., 2022).  

 

3 Results and Discussion  

  

3.1 Cross-sectional Profile Variation   

Cross section at RMP-6: The cross-sectional profiles at RMP-6 from 1995 to 2012 show substantial bed level 

variation. With an initial deepening of the channel from 1995 to 2002 and a noticeable sediment deposition was 

seen in the middle portion of the bank. From 2002 to 2006, the section had changed slightly. But from 2006 to 

2009, the right bank shifted significantly rightward, and the bed section was increased. In the next three years, the 

channel section increased more, indicating more scouring. Thalweg shift and increased channel asymmetry indicate 

active erosion and sedimentation, reflecting dynamic morphological adjustments influenced by hydrological and 

tidal processes. 

Cross section at RMP-10: At RMP-10, a pronounced incision is observed from 1995 to 2002, where the left bank 

cut into the bed and the right bank lowered vertically. In the next three-year span, the left bank scoured significantly, 

whereas the right bank exhibited deposition, shifting the thalweg line. From 2006 to 2009, both the banks shifted 

negligibly, indicating no significant change in bed levels. In the final three years, at the left bank, more scouring 

occurred, and the right bank experienced continuous erosion-deposition from the thalweg line to the bank, 

ultimately creating a shape with a larger right arm. 

Cross section at RMP-13: At RMP-13, from 1995 to 2002, the channel experienced significant scouring on the left 

bank and slight siltation on the right bank. For the next three-year span, the left bank propagated upwards, indicating 

deposition, and the right bank remained unchanged. Then it persisted in a near-symmetrical shape with moderate 

deepening until 2009, followed by negligible alterations through 2012. The alignment of lowest water levels with 

bed contours suggests steady hydraulic conditions and limited morphological disturbance. 
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Figure 2. Cross-sectional variation of Rupsa- Pussur River at RMRP-6 Station from 1995 to 2012 

 

Figure 3. Cross-sectional variation of the Rupsa-Pussur River at RMP-10 Station from 1995 to 2012. 
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 Figure 4. Cross-sectional variation of the Rupsa-Pussur River at RMP-13 Station from 1995 to 2012  

 

3.2 Water and Bed Level Variation   

Analysis of cross-sectional profiles and water level data from stations RMP-6, RMP-10, and RMP-13 for the years 

1995 to 2012 reveals significant morphological adjustments across the Rupsa-Pussur River system (Table 2). Every 

monitoring station showed progressive deepening and widening of the main channel between 1995 and 2012, in an 

alternating pattern. RMP-6 witnessed significant and frequent changes with high scouring-silting and highest 

thalweg shift. These are mostly due to urban-related anthropogenic activities with high tidal energy near the city 

followed by bend effects. Whereas, changes observed in RMP-10 are particularly asymmetrical incision and bank 

shifting. It is due to the impact of strong meander induced secondary currents. At RMP-13, the channel exhibited 

an almost symmetrical shape until 2009, suggesting more stable and tidally dominated condition in the mangrove 

dominated zone. Here bank stabilization due to Sundarban ecosystem may be a factor.  

Table 2. Erosion (-ve sign) /Deposition (+ve sign) of mean bed level at different stations (m) 

Stations Year 1995-02 Year 2002-06 Year 2006-09 Year 2009-12 

RMRP-6 -4.49 1.6 -4.21 0.96 

RMRP-10 -1.89 0.47 -0.27 0.63 

RMRP-13 -3.42 2.65 -0.72 1.77 

 

3.3 Analysis of variation of Thalweg Profile  

Significant fluctuation was observed in the thalweg height at the three monitoring stations of the Rupsa-Pussur 

River between 1995 and 2012. In some places, it rose, while in others, it fell, indicating dynamic sediment transport. 

RMP-6 saw a sharp and steady rise in height.  There were periods of elevation growth and reduction over the years 

in both RMP-10 and RMP-13.Elevation at RMP-6 rose dramatically from 2.23 m in 1995 to 16.51 m in 2012, 

indicating erosion and deposition. RMP-10 showed a higher average elevation than the other two monitoring 

stations. The highest elevation at RMP-10 was 13.94 meters in 2002, and the lowest elevation was 9.07 meters in 

1995. At RMP-13, elevation was 6.34 in 1995, followed by an increase of 10 meters in 2002, which ultimately 

decreased to 4.41 meters in 2012. (Table 3). 
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Table 3. Variation of thalweg elevation of the Rupsa-Pussur River over the years (m, CD) 

 

Stations Distance from RMP-6 (Km) Year 1995 Year 2002 Year 2006 Year 2009 Year 2012 

RMP-6 0 2.23 12.57 13.42 16.65 16.51 

RMP-10 8 9.07 13.94 10.50 11.00 11.42 

RMP-13 14 6.34 10.00 4.65 6.50 4.41 

 

4 Conclusion  

  

The study reveals the morphological behavior of the Rupsa-Pussur river system by analyzing its water and bed 

level variation from the period 1995 to 2012. The continuous inconsistent cross-sectional variation of the river 

showed the continuous scouring-sedimentation nature of the river over time. Increased scouring and channel 

widening are most likely due to high river discharge during the monsoon season and enhanced force increases flow 

velocity and sediment carrying capacity. On the contrary, the instance of depositions is attributed to the lower flows 

during dry season.  The water level variation with respect to bed level changes in the monitoring stations suggests 

the erosive dominance over sedimentation in the river estuary from the selected study period. It follows an 

alternating repetitive pattern. The thalweg point shifted significantly at different places over the study period. This 

research will open doors for policymakers, river engineers, and researchers. 

Further research should be conducted considering more monitoring stations and incorporating GIS technology. 

Given the river’s ecological and environmental importance, more detailed study should be done. Moreover, in the 

last decade, a railway bridge was constructed over the river. Impacts like localized scouring around pier, altered 

sedimentation pattern are likely to occur due to change in flow condition. It may significantly affect the river 

dynamics and their erosion-deposition pattern. Hence, the morphological change and hydraulic response of the 

river should be studied. 
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