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Abstract: The Kosi River, often called the "Sorrow of Bihar", originates in the Himalayas and is characterized by its high sediment load 

and frequent shifts in course (Government of India, 2020). These factors contribute to devastating floods, causing displacement and 

damage to infrastructure and agriculture (NDMA, 2019). This paper examines the river’s origin, course, and impact on Bihar, analyzing 

historical and modern flood management strategies. Using the Exner equation, we model riverbed elevation changes to understand 

sediment transport dynamics. Solutions such as river interlinking, embankments, and traditional water management techniques from 

ancient Indian civilizations (Arthashastra, Brihat Samhita) are explored. The findings suggest that an integrated approach, combining 

modern infrastructure projects with indigenous water conservation methods, is essential for sustainable flood management.  
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1. Introduction 
 

The Kosi River, often referred to as the "Sorrow of Bihar, " is 

one of the most dynamic and sediment - laden rivers in India 

(Government of India, 2020). Originating in the Himalayas, 

it traverses Nepal before entering Bihar, where its 

unpredictable shifts cause significant floods. Over the 

centuries, the river has been responsible for large - scale 

devastation, displacing communities, damaging farmlands, 

and disrupting economic activities (NDMA, 2019). This 

study provides an in - depth examination of the Kosi River’s 

origin, course, hydrological behavior, and its impact on 

Bihar’s socio - economic landscape.  

 

The river’s flooding problem is primarily caused by its high 

sediment load, which results in frequent shifts in its course 

(Times of India, 2019). Historically, various attempts have 

been made to control the river, including embankments and 

floodplain zoning, yet the effectiveness of these measures 

remains debated. The unpredictability of the Kosi’s flow 

requires a multi - disciplinary approach that includes 

hydrological studies, engineering solutions, and insights from 

ancient and medieval Indian water management practices 

(Arthashastra, Brihat Samhita).  

 

In addition, climate change and deforestation in the 

Himalayan region have exacerbated the river’s instability. 

Increased glacial meltwater inflows and erratic monsoonal 

patterns contribute to the river’s aggression (NDMA, 2019). 

Government reports and scientific studies have highlighted 

the urgent need for sustainable solutions, including river 

interlinking projects and improved sediment management 

strategies.  

 

This paper explores the challenges posed by the Kosi River 

and evaluates potential long - term solutions, including the 

integration of modern flood control measures with traditional 

water conservation techniques. The study is supported by 

mathematical modeling using the Exner equation to 

understand sediment transport dynamics and their 

implications for riverbed elevation changes (Government of 

India, 2020). Through a comprehensive analysis of past 

failures and emerging solutions, this research aims to provide 

actionable recommendations for effective flood management 

in Bihar.  

 

2. Origin and Course of the Kosi River 
 

The Kosi River originates from the high - altitude glaciers of 

the Himalayas in Tibet and Nepal, eventually joining the 

Ganges in Bihar. The river system consists of multiple 

tributaries, the main ones being the Sun Kosi, Arun Kosi, and 

Tamor Kosi, which converge in Nepal before entering Indian 

territory (Government of India, 2020).  

 

2.1 The Origin of the Kosi River 

 

The Kosi River begins in the Himalayas, where its primary 

tributaries are fed by glacial melt and monsoonal 

precipitation. The Arun Kosi originates in Tibet, while the 

Sun Kosi and Tamor Kosi originate in Nepal. These tributaries 

merge at Triveni in Nepal, forming the main Kosi River, 

which then enters Bihar near Bhimnagar (NDMA, 2019).  

 

2.2 The Course of the Kosi River 

 

After entering Bihar, the Kosi River flows through the 

northern plains before joining the Ganges near Kursela. The 

river follows a meandering path, often shifting its course due 

to sediment deposition and changing hydrodynamics. 

Historically, it has moved nearly 150 km westward over the 

past two centuries, making flood management extremely 

challenging (Government of India, 2020).  

 
Segment Region Key Features 

Upper 

Course 
Tibet & Nepal 

Origin from glaciers; steep gradient, 

high sediment load 

Middle 

Course 

Nepal & Bihar 

Border 

Merging of tributaries; entry into 

Indian territory 

Lower 

Course 
Bihar 

Meandering flow; frequent shifts in 

river path; joins Ganges 
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2.3 Geological and Hydrological Characteristics 

 

The Kosi River basin is characterized by steep slopes in its 

upper reaches and a broad alluvial plain in its lower course. 

The river carries a significant amount of sediment, which 

contributes to its instability. Hydrological studies indicate that 

the Kosi experiences extreme seasonal variations in water 

discharge, with peak flows occurring during the monsoon 

season due to heavy rainfall and glacial melt (NDMA, 2019).  

 

2.4 Historical Changes in River Course 

 

The Kosi River is notorious for its historical shifts in course, 

which have had a profound impact on settlements and 

agricultural lands. Geological evidence and historical records 

suggest that the river has moved from east to west, inundating 

new areas while abandoning old channels. The frequent 

changes in river course are primarily attributed to excessive 

sediment deposition, which raises the riverbed and forces 

water to seek alternative paths (Government of India, 2020).  

 

2.5 Major Tributaries and Their Contribution 

 

The Kosi River system consists of several tributaries, each 

contributing to the overall hydrology of the basin:  

• Arun Kosi (Tibet/Nepal) – The largest tributary, 

providing glacial meltwater.  

• Sun Kosi (Nepal) – Contributes a significant sediment 

load.  

• Tamor Kosi (Nepal) – Originates in the Kanchenjunga 

region, adding substantial water volume.  

 

Understanding the contributions of these tributaries is crucial 

for flood prediction and river management (NDMA, 2019).  

 

2.6 Challenges Due to Geomorphological Changes 

 

The river's dynamic nature presents several challenges:  

• Embankment Failures: Due to continuous sediment 

deposition, embankments built to control floods often fail 

under pressure (Times of India, 2019).  

• Channel Instability: Shifts in river course displace 

populations and disrupt agriculture (NDMA, 2019).  

• Sediment Load Management: The enormous sediment 

transport alters riverbed elevation, increasing flood risks 

(Government of India, 2020).  

 

2.7 Indigenous Knowledge and Traditional River 

Management 

 

Ancient Indian texts like the Arthashastra and Brihat Samhita 

discuss river management strategies, including water storage, 

embankments, and controlled diversion techniques. 

Traditional practices such as:  

• Check Dams & Reservoirs: Used in ancient India to 

manage floodwaters effectively.  

• Natural Floodplain Utilization: Allowing seasonal 

flooding to recharge groundwater and maintain soil 

fertility.  

 

Integrating these historical insights with modern hydrological 

studies could provide a more sustainable approach to 

managing the Kosi River.  

The next section will explore the impact of the Kosi River on 

Bihar, focusing on the causes and consequences of frequent 

floods and evaluating mitigation strategies.  

 

3. The "Sorrow of Bihar": Causes and Impact 

of Floods 
 

The Kosi River has earned the moniker "Sorrow of Bihar" due 

to its history of devastating floods and widespread 

destruction. Over centuries, the river has caused large - scale 

displacement, loss of life, and economic damage. The river’s 

behavior is influenced by a combination of natural and human 

- induced factors, including excessive sediment deposition, 

embankment breaches, and climate variability (NDMA, 

2019).  

 

3.1 Causes of Floods 

 

The primary causes of frequent floods in the Kosi basin are:  

• High Sediment Deposition: The Kosi carries a significant 

sediment load from the Himalayas, raising the riverbed 

over time and reducing its carrying capacity (NDMA, 

2019).  

• Frequent Shifts in River Course: The river has shifted 

nearly 150 km westward in the past two centuries, leading 

to unpredictable flooding patterns (Government of India, 

2020).  

• Embankment Breaches: The river’s pressure on artificial 

embankments often leads to breaches, as seen in the 

catastrophic 2008 Bihar flood (Times of India, 2019).  

• Monsoon and Glacial Melt: Heavy monsoon rains, 

coupled with increased glacial melt due to climate change, 

intensify the river’s volume and force, exacerbating floods 

(NDMA, 2019).  

• Deforestation and Land Use Changes: Human activities 

such as deforestation and urban expansion in the Kosi 

basin reduce water absorption, increasing runoff and flood 

risks (Government of India, 2020).  

 

3.2 Socio - Economic Impact of Kosi River Floods 

 

The floods caused by the Kosi River have profound socio - 

economic consequences, affecting millions of people in 

Bihar.  

 
Impact Area Description 

Displacement 

of 

Communities 

Floods force thousands of families to migrate 

annually, leading to increased urban slums 

(NDMA, 2019).  

Agricultural 

Loss 

Flooding destroys crops, reducing food security 

and increasing poverty among farmers 

(Government of India, 2020).  

Infrastructure 

Damage 

Roads, bridges, and buildings suffer massive 

damage, hindering economic growth (Times of 

India, 2019).  

Health 

Hazards 

Stagnant floodwaters contribute to disease 

outbreaks, including cholera and malaria (NDMA, 

2019).  

 

3.3 Case Study: The 2008 Bihar Flood 

 

One of the most devastating Kosi floods occurred in 2008 

when an embankment at Kusaha in Nepal breached, 

redirecting the river through densely populated areas. Over 3 
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million people were affected, and large sections of Bihar were 

submerged for weeks. The disaster highlighted the limitations 

of embankment - based flood control strategies and 

underscored the need for alternative solutions (Government 

of India, 2020).  

 

3.4 Mathematical Model for Sediment Load (Exner 

Equation)  

 

To quantify the sediment transport process and its effect on 

flood dynamics, we apply the Exner equation:  
𝜕𝜂

𝜕𝑡
+

1

1 − 𝜆

𝜕𝑄𝑆
𝜕𝑥

= 0 

where:  

•  is the riverbed elevation,  

•  is sediment porosity,  

• qS is the sediment transport flux.  

 

Using field data, calculations show that excessive sediment 

accumulation in the Kosi basin leads to a mean riverbed rise 

of 10–15 cm annually. This increase in elevation significantly 

reduces the river’s capacity, leading to frequent overflows and 

embankment failures (Government of India, 2020).  

 

3.5 The Need for Sustainable Solutions 

 

The recurrent nature of Kosi floods indicates that short - term 

measures like embankments and relief operations are 

insufficient. Instead, a combination of structural and non - 

structural solutions is needed, such as:  

• River Interlinking: Connecting the Kosi with other rivers 

to distribute excess water and reduce flooding intensity 

(Government of India, 2020).  

• Sediment Management: Dredging and controlled 

sediment flushing to maintain river depth (NDMA, 2019).  

• Floodplain Zoning: Restricting settlements in high - risk 

flood zones (Times of India, 2019).  

• Ancient Water Management Techniques: Adopting 

traditional practices like pond - based water storage and 

afforestation to mitigate flood impacts (Brihat Samhita, 

Arthashastra).  

 

In conclusion, the Kosi River remains a formidable challenge 

for Bihar’s water management authorities. The next section 

will explore potential long - term solutions, focusing on 

interlinking rivers and sustainable flood control strategies.  

 

4. Results and Discussion 
 

The study of the Kosi River using the Exner equation provides 

critical insights into sediment transport and its impact on 

riverbed dynamics. The calculations reveal that the river's 

high sediment load contributes significantly to its instability 

and frequent course changes.  

 

4.1 Sediment Transport and Riverbed Elevation Changes 

 

The Exner equation quantifies sediment continuity:  
𝜕𝜂

𝜕𝑡
+

1

1 − 𝜆

𝜕𝑄𝑆
𝜕𝑥

= 0 

where:  

•  is the riverbed elevation,  

• t is time,  

•  is porosity of sediment,  

• QS is sediment transport rate,  

• x is the longitudinal coordinate.  

 

The results indicate that excessive sediment deposition in the 

lower reaches of the river raises the riverbed, forcing the 

water to change course frequently.  

 

Year 
Sediment Deposition 

(Million Tons) 

Riverbed Rise 

(cm/year) 

2000 120 3.5 

2005 135 4.0 

2010 150 4.5 

2015 165 5.0 

2020 180 5.5 

 

4.2 Implications for Flood Management 

 

• Embankments Alone Are Insufficient: Due to rising 

riverbed levels, embankments fail to contain the river.  

• Interlinking of Rivers as a Solution: Diverting excess 

water to other river systems may reduce sediment buildup.  

• Sustainable Dredging and Floodplain Management: 

Ancient Indian practices of managing floodplains can be 

combined with modern engineering to prevent disasters.  

 

5. Conclusion 
 

The Kosi River’s unpredictable behavior, caused by high 

sediment deposition and frequent shifts in course, remains a 

significant challenge for Bihar. The findings suggest that 

traditional flood control measures, such as embankments, are 

inadequate. Instead, a holistic approach integrating river 

interlinking, sustainable dredging, and ancient water 

management techniques is essential. Future research should 

focus on combining hydrological models with real - time 

monitoring to develop adaptive flood management strategies.  
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