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Abstract

The Mahananda River is a significant transboundary tributary of the Ganges, supporting agriculture, fisheries,
and local livelihoods in Bangladesh. The present study analyzes its environmental flow requirements (EFR) with
three hydrological methods and assesses morphological change from 1994 to 2024. Flow data from Nawabganj
Station (SW211.5) and eight cross-sections were analyzed, and seasonal variability was found to be considerable.
The Tennant method recommends 72.18 m3/s (low flow) and 144.35 m3/s (high flow) for good habitat quality,
and 36.09 m3/s (low flow) and 108.27 m3/s (high flow) for fair habitat quality. The flow duration curve (FDC)
and constant yield methods also reported dry-season shortages, despite sufficient monsoon high-flow.
Morphological surveys (2003-2023) identified major erosion and deposition: thalweg migration and channel
deepening at river morphological monitoring areas (RMMAS). Overall, the river reach exhibits a dominant trend
of channel deepening/erosion (RMMAs 5, 7, 9, 11, 12), while RMMAs 6, 8, and 10 display complex, mixed
changes, characterized by both significant erosion in the channel and localized sedimentation on the banks or
bars. These geomorphological responses show the river's response to altered flows and sediment dynamics.
Declining water levels post-2007 further indicate vulnerability. To promote ecological sustainability, measures
such as augmenting dry-season flow (e.g., rubber dams) and erosion control are unavoidable. The necessity of
integrated river management for guaranteeing the ecological and socio-economic functions of the Mahananda is
emphasized in this research.

Keywords: environmental flow requirement, Mahananda River, hydrological methods, morphological changes,
dry-season flow deficit

1 Introduction

Rivers are essential to sustaining ecosystems, biodiversity, and human livelihoods globally, providing freshwater,
transportation, and supporting economic activities such as agriculture and fisheries (“Rivers for Life,” 2004). However,
increasing anthropogenic interventions such as damming, water abstraction, and land use changes have significantly altered
river flow regimes, threatening ecological health and sustainability (Tharme, 2003). Environmental flow (e-flow) assessment
has become an essential tool for balancing ecological needs with human demands. It refers to the quantity, timing, and quality
of water flows required to sustain freshwater ecosystems and the services they provide (Arthington et al., 2018). The Brisbane
Declaration (2007) emphasizes that environmental flows are critical for maintaining ecological integrity, biodiversity, and
community well-being. Bangladesh, the "Land of Rivers," is endowed with an extensive network of about 800 rivers, of
which 57 are transboundary rivers with its neighboring countries (54 with India and 3 with Myanmar) (“Sharing Water
Across Indo-Bangladesh Border,” 2017). Despite the importance of environmental flows, scientific assessments remain
limited, often relying on empirical or ad hoc methods rather than instead of scientifically established methods (Bari &
Marchand, 2006). Notable exceptions include flow studies on major rivers like the Teesta, Ganges, and Surma using Tennant,
flow duration curve, range of variability, and PHABSIM (Physical Habitat Simulation System) approaches (Akter, 2010; Pal
et al., 2009; Zobeyer, 2004). The Mahananda River, a vital transboundary tributary of the Ganges, flows from the Darjeeling
hills in India through Bangladesh’s Chapainawabganj district. Spanning approximately 360 km, the river holds ecological,
economic, and hydrological significance (Shil et al., 2019). It is the only perennial river in northwestern Bangladesh, making
it essential for regional agriculture and fisheries (Paul, 2017). However, its flow has significantly declined in recent decades
due to climate change and upstream water diversions. Recent hydro-morphological studies indicate sedimentation, altered
depth—width ratios, and shrinking cross-sections, further stressing the river system (Akter et al., 2016). This study addresses a
critical knowledge gap by assessing environmental flow requirements in the Mahananda River, Nawabganj Sadar station
(SW211.5). The findings will provide science-based recommendations for sustainable transboundary river management,
enhancing ecosystem resilience, biodiversity, and livelihood security in the region.
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2 Methodology
2.1 Study Area
A 36 km reach of the Mahananda River at Nawabganj Sadar was studied using 30 years (1994-2024) of
discharge and water level data from Bangladesh Water Development Board (BWDB) and bathymetric data from

eight stations (RMMA 5-12) for environmental flow and morphological analysis (Figure 1 and Table 1).

Table 1. Summary of the data used in the study.

Data Station Name Station Id Data Source Period
Type (year) ==
BANGLADESH N
~ A
Discharge Nawabgan] SW2115 BWDB January 1,1994-Augest T~
Sadar 31,2024 =
Water Nawabganj Sw211.5 BWDB January 1,1994-Augest W
Level Sadar 31,2024
Mahananda River
RMMAS5, RMMA 6,
RMMA7, RMMAS,
RMMA 9, RMMA 10,
Cross Along the RMMAL1L, RMMA 12 2003, 2009, 2013, 2019,
Section Mahananda BWDB 2023
River Figure 1. Study Area.
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Figure 2. Location of Nawabganj station and cross sections. Figure 3. Outline of the methodology of the study.

This study employs three hydrological methods (Tennant, flow duration curve (FDC), and constant yield) to
assess the environmental flow requirements of the Mahananda River and also analyzes its morphological
changes. Each method provides a distinct approach to estimating the minimum flow needed to sustain ecological
health (Figure 2-3).

3 Results & Discussions

3.1 Analysis of Flow Characteristics

The hydrological characteristics of the Mahananda River were analyzed using discharge data from Nawabganj
Sadar station spanning 1994-2024, focusing on yearly maximum, minimum, and average values and seasonal
variability between low-flow (November—June) and high-flow (July—October) periods, with results shown

graphically in Figure 4 and Figure 5. Low flow months are defined as those where the mean monthly flow
(MMF) is less than 40% of the mean annual flow (MAF), and high flow months are those where the MMF is
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more than 80% of the MAF, and intermediate flow seasons (IFS) are those where the MMF ranges between 40%
and 80% of the MAF.
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Figure 4. Yearly maximum, minimum, and average flow Figure 5. Mean monthly flow and seasonal flow
over the years 1994 to 2024 at Nawabganj station of the classification of the Mahananda River.

Mahananda River.

3.2 Assessment of Environmental Flow: Tennant Method

The Tennant method estimates environmental flow requirements by applying 10%-200% of the mean annual
flow (MAF), depending on habitat quality and seasonality (Table 2). Using daily discharge data from
Nawabganj Sadar station (1994-2024), annual flows were computed and averaged to determine the MAF. The
monthly environmental flow requirements (discharge in m?/s) for the low-flow (November—June) and high-flow
(July—October) seasons for all habitat quality levels are shown in Figure 6, while those for both good and fair
habitat quality are presented in Figure 7.
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Figure 6. Monthly environmental flow requirement using the Tennant method.
Table 2. Environmental flow requirement (% of
mean annual flow) according to the Tennant method
for high and low flow seasons.
i Low-Flow High-Flow
Habitat
. Season (% of Season (% of
Quality
140 | S | Pariod - Habitat Quality MAF) MAF)
/ \ Data Period (1994-2024) - Good
120 / \ Data Period (1994-2024) - Fair R
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& 10 \ ) 200 200
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£ e .
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ﬁ@f@‘,ﬁ*o«“@*f‘w@f@
F & ¥ b P &
& ML Excellent 0 50
Month
Good 20 40
Fair 10 30
Figure 7. Monthly environmental flow requirement Poor 10 10
(discharge in m3/s) for “Good” and “Fair” habitat Severe 0 0
. . < <
quality according to the Tennant method. Degradation
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3.3 Assessment of Environmental Flow: Flow Duration Curve Method

The flow duration curve (FDC) method was used to estimate the Mahananda River's environmental flow by
calculating monthly flow exceedance percentages from 1994 to 2024. The 90" and 75" percentile flows were set
for the low-flow season (November—June), and the 50™ percentile for the high-flow season (July—October). Flow
duration curves were developed using mean monthly discharge data from 1994 to 2024 (Figure 8).
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Figure 8. Flow duration curve during the period 1994 to 2024 showing Qso (50"), Q5 (75™), and Qg (90") percentile flow.

3.4 Assessment of Environmental Flow: Constant Yield Method

The constant yield method determines environmental flow by setting 100% of the median monthly flow as the
requirement. Two approaches were used: one calculated the median from 30 years of monthly data, and the other
took the median of yearly medians. The higher value from the two approaches was selected as the final
environmental flow for each month (Figure 9). Comparison among the three methods is also illustrated in
Figure 10.
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Figure 9. Comparison of monthly median flows, median of monthly Figure 10. Comparison of Tennant Method, Flow duration curve, and

medians, and proposed final environmental flow requirements. Constant yield method for the period 1994 to 2024.

3.5 Morphological Analysis using Cross-sectional Data
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Morphological analysis of the Mahananda River has been conducted using cross-section data of eight locations
along the river reach (Figure 11). In Figure 12, it is shown that riverbed depth changes between 2003 and 2023
along the river's course. The trendlines suggest overall riverbed lowering. Figure 13 illustrates the movement of
the deepest points of the riverbed at different stations (RMMA 5 to RMMA 12) between 2003 and 2023.
Significant changes are observed at RMMA 5, RMMA 11 and RMMA 12.
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Figure 11. Cross-section elevation profiles (2003-2023) for RMMA 5, 6, 7, 8, 9, 10, 11, and 12.
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Figure 12. Deepest point variation along selected cross-sections in the Mahananda River.
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Figure 13. Movement of the deepest points of the riverbed at different stations (RMMA 5 to RMMA 12) between 2003 and 2023.
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4 Conclusions

This study evaluates the environmental flow requirements and 30-year morphological changes (1994-2024) of
the Mahananda River. According to three hydrological methods, (Tennant, Flow duration curve (FDC), and
Constant yield) it was found that while high-flow season demands are largely met, dry-season flows, particularly
during March and April, are much lower than requirement levels, putting riverine ecosystems at risk. Flow
records exhibit strong seasonal fluctuation, with August peak discharges and April critical minimum discharges,
and a downward trend in both the maximum and minimum water levels after 2007 and 2004, respectively.
Morphological analysis revealed intensive deepening of the channel, thalweg lateral shifts, and sediment
deposition, particularly at RMMA 5, 7, 9, 11, and 12, indicating dynamic geomorphic responses to altered flow
and sediment regimes. The study recommends future research to include ecological, social, and economic
considerations in environmental flow research and to integrate longitudinal and sediment transport investigations
to further refine the processes involved in erosion and deposition.
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