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Abstract 

 

The Ganges-Padma River plays a vital role in the socio-economic and environmental landscape of Bangladesh, 

particularly in the southwestern region where millions depend on its flow. However, regularly measuring river 

discharge is challenging due to high expanses and practical difficulties. To address this, the study focuses on 

analyzing seasonal changes in water level and discharge and developing rating curves for efficient discharge 

estimation. Hydrological and morphological data from 1980 to 2021 were collected from the Bangladesh Water 

Development Board for three key stations: Hardinge Bridge, Baruria Transit, and Mawa. Seasonal variations 

during the pre-monsoon, monsoon, and post-monsoon periods were analyzed using regression methods, and cross-

sectional changes over decades were evaluated to understand morphological changes in the river. The results 

showed that the water level and discharge were generally weakly to moderately related to time. The Baruria Transit 

station showed noticeable changes in river width (0.1–0.28), while large changes in river bed elevation were found 

at Hardinge Bridge and Mawa. Rating curves were successfully developed using power-law equations: Hardinge 

Bridge: Q=0.5061(h-0.043)4.244, Baruria Transit: Q=696.477(h-0.56)2.28, and Mawa: Q=1639.96(h-0)2.3, making it 

possible to accurately estimate discharge from water level data. This study confirms that, despite variation in 

hydrological conditions and river morphology, rating curves remain a reliable and effective tool for discharge 

estimation. They play a crucial role in flood prediction, water resource planning, and navigation management 

within the Ganges-Padma River system. 

 

Keywords: Ganges-Padma River, Stage–Discharge Relationship, Rating Curve, Hydrological Analysis, River 

Morphology 

 

1. Introduction 

 

Bangladesh is a land of rivers, and its economy and livelihood are closely related to these river systems (Uddin et 

al., 2017). The Ganges-Padma River, one of the three major river systems in Bangladesh, extends approximately 

2,200 km from its source in the Himalayas in Nepal to its confluence with the Jamuna River in Bangladesh 

(Yeasmin & Islam, 2011). This river system plays an important role in the socio-economic and environmental 

landscape of the southwestern region, supporting millions through agriculture, fisheries, navigation, and water 

supply (Afroz & Rahman, 2013). The rivers of Bangladesh are morphologically dynamic, characterized by 

continuous erosion and sedimentation processes that change hydraulic geometry, plan form, and longitudinal 

profiles (Uddin et al., 2017). These changes deeply impact water availability, flood risk, and navigation, with 

erosion annually affecting thousands by damaging farmland and infrastructure (Dewan et al., 2017). 

Accurate measurement of river discharge is essential for water resource management, flood control, and ecological 

sustainability (Chauhan et al., 2025; Negatu et al., 2022). The most common approach involves using rating curves, 

which establish relationships between water stage (level) and discharge (Ali Shah et al., 2020; Chauhan et al., 

2025; Saadon et al., 2023). However, direct measurement of discharge is costly, labor-intensive, and often 

impractical, especially during flood events or in remote areas (Medisetty et al., 2020; Singh Chauhan et al., 2014).  

Furthermore, rating curves are affected by morphological changes in river cross-sections, sediment transport, and 

upstream water regulation, such as the construction of the Farakka Barrage in 1975, which has changed the flow 

regime of the Ganges-Padma River (Md. Abu Sayed & Akter, 2021; Rahman & Rahaman, 2018; Saadon et al., 

2023). These factors lead to temporal variability in stage-discharge relationships, making continuous updates of 

rating curves necessary for reliable discharge estimation. 
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While several studies have mentioned hydrological analysis and rating curve development globally, most 

research has been conducted in data-rich environments with frequent and systematic measurements (Mcmillan 

& Westerberg, 2015; Morlot et al., 2014). In contrast, the Ganges-Padma River region faces significant 

challenges due to scarce continuous data, dynamic river morphology, and upstream water withdrawals that affect 

seasonal flow patterns (Md. Abu Sayed & Akter, 2021; Uddin et al., 2017). Previous research in this area often 

lacked comprehensive integration of cross-sectional changes over time and seasonal variability, resulting in 

uncertainties in discharge estimation and limitations in flood forecasting and water resource planning. 

 

This study aims to address these challenges by analyzing seasonal variations in water level and discharge at key 

stations along the Ganges-Padma River, while incorporating cross-sectional morphological changes over 

decades. The main objectives are to develop updated rating curves that accurately estimate discharge from water 

level data. These findings will improve flood prediction, water resource planning, and navigation management, 

contributing to sustainable river basin management in Bangladesh. 
 

2. Materials and Methodology 

 

2.1 Study Area 

The study area is selected based on previous literature and available data from various stations. In the Ganges-

Padma River, Water level, discharge data, and cross-section are taken from the Hardinge Bridge of Pabna district, 

which is located at latitude 24°4’06.49” N, and longitude 89°1’58.19” E, from the Baruria transit of Manikganj 

district, which is located at latitude 23°46’52.54” N and longitude 89°47’35.12” E, and from the Mawa of Munshi 

Ganj district, which is located at latitude 23°28’16.54” N and longitude 90°15’23.98” E.   
 

 

 
                                  

                                       

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location map of the stations in the Ganges-Padma River (Uddin et al., 2017) 

 

2.2 Data Collection  

For the hydrological analysis and development of rating curves, discharge data, water level data, and cross-

sectional data of selected stations were collected from the Bangladesh Water Development Board (BWDB). 

Specifically, data for the Hardinge Bridge and Baruria Transit stations were collected for the period 1980 to 2021, 

while data for the Mawa station were collected for the period 1996 to 2021. 

 

2.3 Data Analysis 

 

2.3.1 Water level  

In Bangladesh, rainfall-based seasons are divided into pre-monsoon (Mar–May), monsoon (Jun–Oct), and post-

monsoon (Nov–Feb). Water level and discharge data from 1980–2021 were analyzed seasonally. For each year, 

seasonal maximum, minimum, and average values were calculated and plotted using Excel. Linear trendlines 

with regression coefficients were used to assess trends, a positive slope (m) indicates an increase in water level 

and discharge over time, a negative slope indicates a decrease, and a near-zero slope suggests stability. 

 

2.3.2 Cross-Section Data Analysis 

The cross-sectional profile variations over the years for a particular station were analyzed graphically for every 

decade. The cross-section is analyzed to understand the variation of the depth, width. 
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2.3.3Establish a relation between water level and discharge  

Generally, the most commonly used stage-discharge rating curves treat the discharge as a unique function of the 

stage, which typically follows a power curve where the discharge Q is related to the stage h. (Subramanya, 2013) 

Power equation,  

 

Q=c*(h-a)b                                                                                                                                                            [1] 

 

where Q is the stream discharge, h is the gauge height (stage), a is the constant which represents the gauge reading 

corresponding to zero discharge, and c and b are the rating curve constants. 

 

This relationship is typically illustrated by plotting the observed relative stage (h-a) against the corresponding 

discharge values using either an arithmetic or logarithmic scale. Logarithmic plots are particularly useful because 

Equation (1) appears as a straight line on such a scale. In both types of plots, discharge is shown on the horizontal 

axis (x-axis), while the gauge height or stage is displayed on the vertical axis (y-axis). 

 

3. Results and Discussion 

 

3.1 Discharge and Water Level Analysis 

Figures 1,2, and 3 show the average discharge trends across pre-monsoon, monsoon, and post-monsoon seasons at 

Hardinge Bridge, Baruria Transit, and Mawa stations based on data from the period 1980 to 2021. These figures 

express distinct seasonal and spatial variations. During the pre-monsoon season, discharge values at Hardinge 

Bridge and Baruria Transit remain consistently low with very weak increasing trends (R² = 0.0411 and 0.0007, 

respectively), indicating minimal hydrological changes during the dry period. Post-monsoon flows exhibit a slight 

increase at Hardinge Bridge (R² = 0.0423), possibly due to residual runoff or variable upstream inflows, while 

Baruria Transit shows stable flow conditions (R² = 0.0007). The monsoon season displays relatively stable 

discharge patterns at Hardinge Bridge and Baruria Transit, with negligible changes over time (R² = 0.0006 and 

0.0541), suggesting a regulated flow regime upstream. In contrast, the downstream Mawa station experiences a 

moderate increase in monsoon discharge (R² = 0.5143), reflecting cumulative basin-wide hydrological changes 

influenced by dynamic river morphology and sedimentation, consistent with findings by (Pal & Pani, 2016). These 

observations are related to earlier studies,(Dewan et al., 2017; Uddin et al., 2017) highlighting that upstream 

reaches of the Ganges exhibit stable seasonal discharge trends, whereas downstream areas like Mawa are more 

sensitive to climatic variability and upstream water management impacts 

 

Figures 4, 5, and 6 show the decadal trends of average water levels during monsoon, pre-monsoon, and post-

monsoon seasons at Hardinge Bridge, Baruria Transit, and Mawa stations based on data from the period 1980 to 

2021. Monsoon seasons exhibit slight increasing trends with weak to moderate correlation (R² = 0.1511–0.2141), 

while pre- and post-monsoon periods show mostly declining or stable trends, especially at Hardinge Bridge (R² 

= 0.2491 and 0.1673). Baruria shows very poor correlation in dry seasons (R² = 0.0106 and 0.0739). These 

patterns align with previous studies, where dry-season flows significantly declined due to upstream interventions. 

Islam et al. (2022) reported that average dry-season discharge at Hardinge Bridge dropped from ~2,080 m³/s to 

~910 m³/s after the Farakka Barrage began operation. Uddin et al. (2017) also observed declining flows and 

channel instability due to sedimentation and flow changes. Overall, the results suggest monsoon flows are stable 

or slightly increasing, while dry-season flows are increasingly impacted by upstream regulation and climatic 

variability. 

 

 

 

Figure 1. Trend line of average discharge 

with time during pre-monsoon. 

 

Figure 2. Trend line of average discharge 

with time during monsoon. 

 

Figure 1. Trend line of average discharge 

with time during post-monsoon. 
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Figure 4. Trend line of average water 

level with time during pre-monsoon 
 

Figure 5. Trend line of average water 

level with time during monsoon 
 

Figure 6. Trend line of average water level with 

time during post-monsoon 

 

 

3.2 Cross-sectional Data Analysis  

Figures 7, 8, and 9 illustrate the changes in bed level elevation along three key cross-sections of the Padma River 

at Hardinge Bridge, Baruria Transit, and Mawa only in 2010 and 2021. These figures show that while river width 

remained unchanged across all stations (coefficient of variation = 0), indicating stable lateral boundaries, 

substantial vertical morphological changes occurred. At Hardinge Bridge (Figure 7), the bed level remained 

stable from 0–3 km and 4.5–7.8 km, while the middle section (3–4.5 km) experienced significant sediment 

deposition, reflecting localized aggradation, as also discussed by (Murillo Muñoz, 2012). Figure 8 (Baruria 

Transit) displays bed erosion from 0–2.5 km on the left bank, followed by massive deposition from 2.5–6 km, 

and stable conditions beyond. This pattern supports findings by (Reza & Islam, 2016), who noted alternating 

erosion and deposition due to sediment redistribution. Figure 9 (Mawa) shows the most dynamic profile, with 

deposition on the left bank (0–2.5 km), intense bed erosion in the middle reach (2.5–7.5 km), and further 

degradation on the right bank, resulting in a larger cross-sectional area despite constant river width. This 

deepening trend aligns with Coleman, (1969), An understanding of vertical adjustments in braided rivers with 

high sediment transport capacity. Overall, these figures and analyses collectively highlight the Padma River’s 

pronounced vertical morphological changes over the decade, governed by complex interactions between 

hydraulic forces and sediment dynamics, even in the absence of lateral channel migration. 

 

3.3 Rating Curve  

Figures 10,11, and 12 show the stage-discharge relationships at three key stations: Hardinge Bridge, Baruria 

Transit, and Mawa, based on data collected during the period 1980 to 2021 for Hardinge Bridge and Baruria 

Transit and 1996 to 2021 for Mawa. Each figure highlights different flow behaviors based on the shape and 

features of the river at that location. Figure 10 (Hardinge Bridge) shows a strongly curved (nonlinear) relationship 

(R² = 0.8065), which often happens in wide rivers with floodplains, where a small rise in water level can cause a 

large increase in discharge, similar to what (Leopold & Maddock ,1953) described. Figure 11 (Baruria Transit) 

has a smoother curve (R² = 0.8935), which suggests the river here is more confined and does not spread out as 

much. Figure 12 (Mawa) shows a more direct and steady relationship between stage and discharge (R² = 0.8552), 
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Figure 7. variation in cross-section profile at Hardinge 
Bridge (2010 and 2021) 

Figure 8. Variation in cross-section at Baruria Transit 

(2010 and 2021) 
Figure 9. Variation in cross-section at Mawa                      
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likely due to a steeper slope or a narrow, stable channel, as explained by (Dingman, 1993). Even though all three 

models show good fits, the differences in curve shape and values show how important it is to customize the 

analysis for each station. This is especially true during floods or unusual flow conditions, when changes in 

sediment and flow direction can affect accuracy (Di Baldassarre & Montanari, 2009). The small stage shifts in 

Figures 10 and 11 may be due to local changes in the riverbed or measuring point, while Figure 12 shows nearly 

perfect alignment, which means the water level sensor was well set up (Herschy & Herschy, 2014). Overall, these 

results show that river shape and slope strongly affect how stage and discharge are related, so each station needs 

its own approach for reliable flow estimates. 

 

 

 

Figure 10. Stage and Discharge relation for 

Hardinge Bridge section    (1980-2021) 
Figure 11. Stage and Discharge 

relation for Baruria Transit section  

(1980-2021) 

Figure 12. Stage and Discharge relation 

for Mawa section (1996-2021) 
 

4. Conclusion  

 

This study assessed seasonal discharge variation, water level trends, morphological changes, and rating curve 

development at three major Ganges-Padma River stations at Hardinge Bridge, Baruria Transit, and Mawa. 

Results show stable upstream flow patterns and increasing variability downstream, particularly at Mawa, due to 

cumulative hydrological and morphological influences. Significant vertical bed level changes were observed, 

despite stable river widths. Accurate, station-specific rating curves were developed with strong correlation, 

supporting their use in discharge estimation. However, regular collection of discharge, water level, and 

continuous cross-sectional data is essential, as gaps in long-term datasets (1980–2021) limit detailed trend and 

morphological analysis. These findings are critical for informed water management and flood forecasting in the 

region. 
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