
www.yra.ijaar.co.in 

 

 

 

 

ISSN – 2277-7911 

Impact Factor – 5.958 

Jan-Feb-Mar 2025  

Vol. 14 No. 1  

158 
77 

 

 

Challenges and Mitigation Strategies for Reducing Flood Impact on 

Farmers of the Gangetic Plain in Bihar 

Meghana Nishchal 

Research Scholar, University Department of Geography, Ranchi  

Corresponding Author: Meghana Nishchal 

DOI - 10.5281/zenodo.16947138 

Abstract: 
The Gangetic Plain in Bihar, India, is one of the most fertile and agriculturally 

productive regions in the world, yet it is perennially besieged by catastrophic floods. These 
floods, while historically contributing to soil fertility, have become increasingly destructive due 
to a complex interplay of hydro-geological, climatic, and anthropogenic factors. This research 
article provides a comprehensive analysis of the multifaceted challenges faced by the agrarian 
community in Bihar's floodplains. It systematically identifies and examines the primary 
challenges, including crop devastation, land degradation, loss of livelihoods and assets, and the 
profound socio-economic and psychological distress inflicted upon farming households. 

Moving beyond problem identification, the article critically evaluates the existing flood 
management paradigm in Bihar, which has traditionally been dominated by structural 
measures like embankments, and highlights its significant limitations and unintended 
consequences. The core of the article proposes a holistic and integrated mitigation framework. 
This framework advocates for a paradigm shift from a flood control approach to a 
flood management and resilience approach. It elaborates on a synergistic strategy combining 
modern structural interventions (e.g., reinforced embankments, reservoirs), non-structural 
measures (e.g., advanced forecasting, floodplain zoning, crop insurance), and community-
based adaptation strategies (e.g., flood-resistant agriculture, adaptive livestock management, 
and farmer-led institutions). 

The methodology involves a systematic review of existing literature, government 
reports, satellite imagery analysis, and case studies from the region. The conclusion 
emphasizes that mitigating flood impact on Bihar's farmers is not merely a technical or 
infrastructural challenge but a socio-economic and policy imperative. It calls for a concerted, 
multi-stakeholder effort grounded in scientific research, community participation, and 
sustainable land-water governance to build a resilient and prosperous agrarian future for the 
Gangetic Plain. 

Keywords: Floods, Bihar, Gangetic Plain, Agriculture, Farmers, Livelihoods, Resilience, 
Mitigation Strategies, Embankments, Climate Change, Disaster Management. 

 

Introduction: 

The state of Bihar, nestled in the 

middle Gangetic Plain, is synonymous 

with both immense agricultural potential 

and devastating annual floods. The region 

is endowed with some of the world's most 

fertile alluvial soils, deposited over 

millennia by the mighty Ganga and its 

numerous tributaries flowing from the 

Himalayas, including the Gandak, Burhi 

Gandak, Bagmati, Kamla Balan, Kosi, and 

Mahananda. This natural fertility 

supports a high-density, agrarian-

dependent population, making agriculture 

the backbone of Bihar's economy, 

engaging nearly 80% of its workforce. 

Paradoxically, this very life-giving 

river system is the source of perennial 

suffering. Bihar is the most flood-prone 

state in India, with 76% of the population 
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in the north Bihar living under the 

recurring threat of flood devastation. 

Nearly 73.06% of Bihar’s total 

geographical area (approx. 68,800 sq. km 

out of 94,163 sq. km) is flood-affected, a 

higher proportion than any other state in 

the country. The flat topography, high 

population density, and the dynamic 

nature of the rivers, which carry a 

massive sediment load from the 

Himalayas, create a perfect storm for 

frequent and severe flooding. 

  

 
 

 The Agrarian Crisis: 

For the farmers of Bihar, floods 

are not an abstract natural disaster but a 

predictable, annual calendar event that 

dictates their economic stability, food 

security, and overall well-being. The 

impact transcends the immediate 

inundation of fields. It involves the 

complete destruction of standing Kharif 

(monsoon) crops (primarily paddy, maize, 

and pulses), erosion of fertile topsoil, 

deposition of sand and silt that renders 

land uncultivable, loss of livestock—a 

critical financial asset—and the 

destruction of homes, seeds, and 

agricultural infrastructure. 

This cyclical devastation traps 

farming households in a vicious cycle of 

poverty, debt, and vulnerability. It stunts 

agricultural productivity, disrupts rural 

economies, and triggers large-scale 

seasonal migration. While traditional 

flood management, primarily through an 

extensive network of embankments (over 

3,700 km in length), has been 

implemented for decades, its effectiveness 

is widely contested. In many cases, these 

structures have exacerbated the problem, 

leading to water-logging, increased 

siltation, and catastrophic breaches. 

 

Objectives: 

1. Comprehensively analyze the 

biophysical and socio-economic 

challenges floods pose to the 

farmers of the Gangetic Plain in 

Bihar. 

2. Critically assess the limitations of 

the current flood management 

strategies. 

3. Propose an integrated and holistic 

framework of mitigation and 

adaptation strategies to build 

resilience among the agrarian 

community. 

The scope of the study 

encompasses the North Bihar districts 

most severely and frequently affected by 

floods, including but not limited to 

Sitamarhi, Madhubani, Darbhanga, 

Muzaffarpur, Sheohar, Supaul, Kishanganj, 

and Khagaria. 

 

Research Design and Methodology: 

This study employed a multi-

faceted qualitative research methodology 

to comprehensively investigate the 

challenges and mitigation strategies 

concerning flood impact on farmers in 

Bihar's Gangetic Plain. The approach was 

designed to triangulate data from diverse 

sources to ensure robustness and validity. 

Primarily, a systematic and extensive 

desktop review was conducted, analyzing 
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a wide array of peer-reviewed academic 

literature, books, and scholarly articles 

focusing on hydrology, agriculture, 

disaster management, and climate change 

in the regional context. This was 

supplemented by a critical policy analysis 

of government reports and documents 

from key agencies, including the Bihar 

Disaster Management Department 

(BSDMA), the State Water Resources 

Department, the National Disaster 

Management Authority (NDMA), and the 

Central Water Commission (CWC). To 

ground the analysis in real-world 

examples, specific case studies of major 

flood events, notably the 2008 Kosi 

breach, and documented instances of 

successful local adaptation practices were 

examined. Furthermore, the methodology 

incorporated a review of geospatial 

analyses, interpreting satellite imagery 

and flood inundation maps from sources 

like the National Remote Sensing Centre 

(NRSC) to understand spatial and 

temporal patterns of flooding, 

sedimentation, and land use change. This 

synthesis of documentary evidence, policy 

evaluation, and geospatial data allowed 

for a holistic and in-depth analysis of the 

problem from biophysical, socio-

economic, and institutional perspectives. 

 

Results and Discussions: 

The findings of this research paint 

a picture of a complex and systemic crisis 

where biophysical forces and human 

interventions combine to create a 

landscape of profound vulnerability. The 

results indicate that the challenges are a 

cascade of interconnected failures. The 

most immediate impacts are agricultural, 

with total crop loss and severe land 

degradation through sand casting and 

erosion acting as the primary shock that 

cripples household economies. This 

primary shock triggers a domino effect of 

secondary socio-economic consequences, 

with the loss of livestock and productive 

assets leading to high indebtedness, 

distress migration, and public health 

crises, trapping farming households in a 

cycle with limited escape routes. 

 

Fig: Flood Hazard Map of Bihar 

 

The Hydro-Geological and Climatic 

Context of Flooding in Bihar: 

Understanding the challenges 

requires a deep dive into the natural and 

human-made factors that make Bihar so 

exceptionally vulnerable. 

The Himalayan River System: A 

Massive, Sediment-Laden Force: 

The rivers of North Bihar originate 

in the Nepal Himalayas. During the 

monsoon season (June-September), 

intense rainfall in the catchment areas 

causes these rivers to swell enormously. 

They carry a phenomenal amount of silt 

and sediment eroded from the young 

Himalayan mountains. As these rivers 

descend onto the flat plains of Bihar, their 

gradient drops sharply, causing them to 

lose velocity and deposit this sediment. 

This continuous deposition raises the 
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riverbeds above the surrounding 

countryside, creating "super-elevated" or 

"aggrading" rivers. The Kosi River, often 

called the "Sorrow of Bihar," is a classic 

example, having shifted its course over 

120 km westwards in the last 250 years 

due to sedimentation. 

Monsoon Dynamics and Climate 

Change: 

The South-West monsoon is the 

primary driver of flooding. Bihar receives 

over 80% of its annual rainfall during 

these four months. Climate change is 

intensifying this pattern, leading to: 

 Increased Rainfall 

Variability: More frequent high-

intensity, short-duration rainfall 

events, which overwhelm drainage 

systems. 

 Erratic Monsoon Onset and 

Withdrawal: Disrupting 

traditional cropping calendars. 

 Glacial Lake Outburst Floods 

(GLOFs): The warming Himalayas 

are increasing the risk of GLOFs in 

the catchment areas, which can 

trigger sudden and catastrophic 

flooding downstream. 

The Role of Siltation and Changing 

River Morphology: 

The high sediment load is the core 

of the problem. Siltation reduces the 

water-carrying capacity of rivers, forcing 

them to spill over their banks during high 

flows. It also renders many traditional 

flood control measures ineffective. 

Embankments, by confining the river, 

accelerate siltation within the channel, 

further raising the riverbed and 

increasing the hydraulic pressure on the 

embankments, making breaches more 

likely and more destructive. 

 

Multifaceted Challenges Faced by 

Farmers: 

The impacts of flooding on farmers 

are multi-dimensional and interlinked, 

creating a complex web of vulnerability. 

Direct Agricultural Impacts 

 Crop Devastation: The most 

immediate impact is the destruction 

of standing Kharif crops just before 

or during the harvest season. Total 

yield losses are common, leading to 

immediate food shortages and loss 

of annual income. 

 Land Degradation: 

o Sand Casting: Floodwaters often 

deposit a thick layer of sand and 

coarse silt over agricultural fields, 

rendering them infertile and 

uncultivable for years. Reclaiming 

such land is labor-intensive and 

expensive. 

o Soil Erosion: Riverbank erosion 

swallows vast tracts of fertile land, 

displacing farmers and completely 

destroying their primary asset. 

o Nutrient Leaching: While fresh 

silt can be beneficial, intense 

flooding can leach away essential 

soil nutrients, reducing fertility. 

 Damage to Agricultural 

Infrastructure: Irrigation channels, 

tube wells, fencing, and storage 

facilities are often damaged or 

destroyed. 

 Socio-Economic and Livelihood 

Impacts 

 Loss of Livestock: Cattle, buffalo, 

goats, and poultry are a critical 

source of income, nutrition, and 

draft power. Floods drown millions 

of animals annually, wiping out a 

crucial safety net for poor families. 
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 Destruction of Property and 

Assets: Homes, belongings, saved 

seeds, and food stocks are washed 

away, pushing families into 

destitution. 

 Indebtedness: With no harvest and 

destroyed assets, farmers are forced 

to borrow money at exorbitant 

interest rates from informal 

moneylenders for food, recovery, 

and the next planting season. This 

creates a crippling cycle of debt. 

 Displacement and 

Migration: Annual flooding causes 

temporary mass displacement, with 

people living on embankments, 

roads, and in relief camps for weeks. 

This disrupts education and 

healthcare. As agricultural 

livelihoods become untenable, 

distress-driven seasonal migration 

of male members to states like 

Punjab, Haryana, and Delhi has 

become a permanent survival 

strategy, often involving 

exploitative labor conditions. 

 Health and Sanitation 

Crises: Stagnant floodwaters 

become breeding grounds for 

waterborne diseases like diarrhea, 

cholera, typhoid, and leptospirosis, 

and vector-borne diseases like 

malaria and dengue. Lack of clean 

drinking water and sanitation 

facilities exacerbates the public 

health crisis. 

 Psychological Distress: The 

perpetual uncertainty, trauma of 

loss, and constant struggle for 

recovery lead to significant mental 

health issues, including anxiety, 

depression, and a sense of 

hopelessness among the farming 

community. 

Institutional and Infrastructural 

Challenges: 

 Fragmented Land Holdings: Most 

farmers are marginal or 

smallholders with plots of less than 

one hectare. This fragmentation 

makes it difficult for them to invest 

in individual flood mitigation 

measures or adopt new 

technologies. 

 Weak Implementation of 

Policies: While schemes like crop 

insurance (Pradhan Mantri Fasal 

Bima Yojana - PMFBY) exist, their 

on-ground implementation is 

plagued by delays in claim 

settlement, poor assessment of 

losses, and lack of awareness among 

farmers. 

 

Table 1: Documented Direct Agricultural Impacts of Flooding in North Bihar 

Impact 
Category 

Specific Impact Estimated Scale/Example 

Crop 
Devastation 

Loss of Kharif (monsoon) 
season crops (Paddy, Maize, 
Pulses) 

2.5+ million hectares of cropland affected on 
average annually; often 100% loss in deeply 
flooded areas. 

Land 
Degradation 

Sand Casting ( deposition of 
infertile sand) 

10,000+ hectares rendered uncultivable annually; 
reclamation costs can exceed ₹60,000/hectare. 

 Riverbank Erosion The Kosi river has eroded over 100,000 hectares 
of land in the last 50 years, displacing thousands. 

Asset Damage Destruction of Irrigation 
Infrastructure 

Damage to thousands of tube wells, channels, and 
pumps reported each flood season. 

Source: Bihar State Disaster Management Authority (BSDMA) Annual Flood Reports. 
Patna: BSDMA. 
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A critical discussion of these 

results must center on the paradoxical 

role of the predominant historical 

mitigation strategy: embankments. The 

evidence strongly suggests that this 

structural approach has created a "levee 

effect," providing short-term, localized 

protection while significantly 

exacerbating long-term, systemic risk. By 

confining rivers and accelerating siltation, 

embankments have raised riverbeds, 

increased the hydrostatic pressure during 

floods, and made catastrophic breaches 

inevitable. Furthermore, they have caused 

widespread water-logging, effectively 

converting fertile land into permanent 

marshes, thus compounding the 

agricultural crisis they were meant to 

solve. This failure highlights a central 

finding: technical solutions implemented 

in isolation from ecological and social 

contexts are often doomed to fail. 

 

Table 2: Documented Socio-Economic Impacts on Farming Households 

Impact 
Category 

Specific Impact Estimated Scale/Example 

Livelihood 
Loss 

Loss of Livestock 
(Cattle, Goats, Poultry) 

An estimated 25,000+ livestock deaths per major 
flood event; critical asset loss for >60% of 
households. 

Indebtedness Reliance on Informal 
Credit 

Over 85% of affected farmers take loans post-
flood; interest rates from informal lenders can 
exceed 60% per annum. 

Displacement Temporary Migration 
& Homelessness 

1-3 million people displaced annually; average 
time in relief camps or on embankments: 3-6 
weeks. 

Health 
Impacts 

Waterborne Disease 
Outbreaks 

Spike in acute diarrhea and skin diseases; 20-
30% increase in hospital admissions in flooded 
districts. 

Source: National Disaster Management Authority (NDMA). Post-Flood Needs 

Assessment Reports. New Delhi: Government of India. 

 

Therefore, the results 

compellingly argue for a paradigm shift 

from flood control to flood management 

and resilience-building. The discussion 

must focus on the efficacy of an integrated 

framework. The analysis of local 

adaptation strategies, such as the 

cultivation of deep-water rice varieties or 

integrated fish-poultry farming, reveals 

that communities are not passive victims 

but active innovators. These community-

based practices demonstrate a capacity to 

"live with floods" by adapting agricultural 

and livelihood practices to the 

hydrological reality of the floodplain. The 

success of index-based insurance pilots 

points to the potential of financial 

instruments as a buffer against loss. 

However, the effectiveness of all 

strategies is contingent on accurate, 

localized early warnings and the political 

will to enforce necessary land-use policies 

like floodplain zoning, which remains a 

significant challenge. 
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Table 3: Evaluation of Key Mitigation Strategies and Their Effectiveness 

Strategy 
Category 

Specific 
Measure 

Perceived Strengths Documented 
Limitations/Challenges 

Structural Embankments 
(Bandhs) 

Provides immediate, 
tangible (though false) 
sense of security; 
protects specific areas 
short-term. 

Causes water-logging, 
catastrophic breaches, and 
aggravates sedimentation; long-
term failure. 

Non-
Structural 

Crop Insurance 
(PMFBY) 

Aims to transfer 
financial risk; provides 
promise of timely 
compensation. 

Poor implementation; delayed 
claims; lack of trust; assessment 
failures; low penetration. 

Non-
Structural 

Early Warning 
Systems 

Potential to save lives, 
assets, and livestock 
with sufficient lead 
time. 

Warnings not hyper-localized or 
actionable at village/field level; 
poor last-mile communication. 

Community-
Based 

Flood-Resilient 
Cropping 

Low-cost, eco-friendly, 
uses indigenous 
knowledge; builds on 
adaptation. 

Lower yields than high-yield 
varieties; lack of formal R&D 
and supply chains for these 
seeds. 

Policy Floodplain 
Zoning 

The most sustainable 
long-term solution for 
reducing exposure and 
vulnerability. 

Politically difficult; near-zero 
enforcement due to population 
pressure and lack of 
alternatives. 

Source: Central Water Commission (CWC),(2019) 

 

Conclusion: 

The plight of farmers in Bihar's 

Gangetic Plain is a stark reminder that 

natural disasters are often amplified by 

human decisions. The decades-long 

reliance on embankments as a silver 

bullet solution has fundamentally altered 

the hydrology of the region, often for the 

worse. The path to resilience does not lie 

in higher walls but in smarter, more 

adaptive strategies that work with the 

natural dynamics of the floodplain rather 

than against them. This requires a holistic 

framework that seamlessly blends 

modern engineering for targeted 

protection, sophisticated forecasting and 

financial tools for risk management, and, 

most importantly, the empowerment of 

local communities to leverage their 

knowledge and innovate. Building a 

resilient future for Bihar's farmers 

demands a concerted move away from 

siloed approaches towards integrated, 

adaptive governance that prioritizes 

sustainability, equity, and the courage to 

implement long-term solutions over 

short-term fixes. The goal must be to 

transform vulnerability into adaptability, 

ensuring that the fields of Bihar continue 

to be a source of prosperity in future. 

 

Reccomendations: 

The following recommendations 

propose a holistic and multi-stakeholder 

approach to transition from a reactive 

flood control paradigm to a proactive 

flood resilience strategy. 

1. Shift Policy and Governance 

Paradigms: 

 Adopt an Integrated Flood 

Management (IFM) 

Framework: Formally move away 
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from the goal of "flood control" 

through embankments to "flood 

management" that embraces the 

natural dynamics of the floodplain. 

This should be the central guiding 

principle for all state water 

resources and disaster management 

policies. 

 Establish a Bihar River Basin 

Management Authority: Create a 

single, high-powered authority with 

cross-sectoral expertise (hydrology, 

agriculture, ecology, urban 

planning) to oversee the integrated 

management of entire river basins, 

cutting across departmental silos. 

 Enforce and Implement 

Floodplain Zoning (FPZ): 

Use high-resolution flood hazard 

maps to legally categorize zones 

based on flood frequency and depth 

(e.g., high-hazard, moderate-hazard, 

safe zones).Strictly prohibit new 

critical infrastructure (schools, 

hospitals, government buildings) 

and dense settlements in high-

hazard zones. 

2. Modernize Structural Interventions 

with an Ecological Focus: 

 Reform Embankment Strategy: 

Halt the construction of new 

embankments unless for targeted 

protection of critical urban centers. 

Identify and deliberately create 

engineered breaching points in 

existing embankments to allow for 

controlled flooding in designated 

areas, reducing pressure and 

nourishing downstream 

fields. Prioritize the strengthening 

and modernization of existing 

critical embankments with 

advanced materials and monitoring 

sensors. 

 Prioritize Drainage over 

Embankment: Launch a massive, 

state-wide "Drainage Decongestion 

Mission" to dredge and clear natural 

drainage channels to efficiently 

evacuate flood and rainwater, 

directly addressing the problem of 

water-logging. 

 Develop Water Retention 

Infrastructure: Construct 

designated diversion channels and 

detention basins to safely divert and 

store excess floodwater during peak 

flow, which can later be used for 

irrigation. 

3. Strengthen Non-Structural and 

Technological Measures: 

 Revolutionize Early Warning 

Systems (EWS): Invest in a dense 

network of IoT-based sensors and 

automatic weather stations for real-

time, hyper-local rainfall and river 

level data.Develop a robust last-mile 

communication system using 

mobile SMS, IVR in local dialects, 

and community sirens to ensure 

warnings are specific, actionable, 

and reach every villager at least 48-

72 hours in advance. 

 Overhaul the Crop Insurance 

System: Transition massively 

to Index-Based Insurance where 

payouts are triggered by objective 

parameters like rainfall levels or 

satellite-measured water spread, 

eliminating the need for unreliable 

individual assessment and speeding 

up claims.Leverage drone and 

satellite technology for rapid and 

unbiased damage assessment in 

areas where index insurance is not 

immediately feasible. Launch 

extensive awareness campaigns to 
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build farmer trust and simplify the 

enrollment process. 

 Develop and Promote Livestock 

Insurance: Create and subsidize 

affordable insurance products for 

cattle, goats, and poultry to protect 

this critical asset base for farmers. 

4. Promote Community-Led Adaptation 

and Agricultural Resilience: 

 Mainstream Flood-Resilient 

Agricultural Practices: Establish 

state-owned seed multiplication 

farms to produce and distribute 

certified seeds of short-duration 

(90-100 day) and flood-tolerant 

(e.g., Swarna-Sub1, deep-water rice) 

crop varieties. Provide technical and 

financial support for the adoption of 

integrated farming systems (e.g., 

fish culture in flooded fields, duck 

rearing) that turn floodwater into 

an opportunity. 

Promote raised bed cultivation 

for horticulture and vegetable crops 

in flood-prone areas. 

 Build Adaptive Livestock 

Management Capacity: Construct 

community-owned, flood-proof 

animal shelters on high ground in 

every village. Pre-position fodder 

banks and mobile veterinary clinics 

in strategic locations before the 

monsoon season. 

 Empower Local Institutions: 

Strengthen Village Disaster 

Management Committees (VDMCs) 

and train them in preparedness, 

early warning dissemination, first 

aid, and post-flood 

assessment. Empower Farmer 

Producer Organizations (FPOs) and 

Women's Self-Help Groups (SHGs) 

to manage community seed banks, 

grain banks, and micro-insurance 

schemes. 

5. Foster Livelihood Diversification 

and Financial Inclusion: 

 Promote Non-Farm Skill 

Development: Provide certified 

skill development training in flood-

affected districts for trades less 

susceptible to flooding (e.g., mobile 

repair, tailoring, driving, carpentry) 

to reduce sole dependence on 

agriculture. 

 Develop Flood-Based 

Economies: Provide grants and 

market linkages for local industries 

that utilize flood resources, such as 

fishing net making, boat building, 

and cane and bamboo craft. 

 Ensure Access to Formal 

Credit: Link resilient agricultural 

practices and diversified livelihoods 

to easier access to formal credit 

from banks, protecting farmers 

from predatory informal 

moneylenders. 

6. Prioritize Research and Knowledge 

Management: 

 Establish a Center of Excellence 

for Flood and Agriculture: Task a 

premier institution to conduct 

ongoing research on developing 

new flood-resilient crop varieties, 

best practices for drainage 

management, and socio-economic 

studies on migration and resilience. 

 Document and Disseminate 

Indigenous 

Knowledge: Systematically 

document successful local 

adaptation strategies and integrate 

this knowledge into state-level 

extension services and training 

programs for farmers. 
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By implementing these 

recommendations in a coordinated and 

sustained manner, the government of 

Bihar, in partnership with communities, 

researchers, and civil society, can 

fundamentally alter the trajectory of flood 

impact, transforming a cycle of 

devastation into a future of resilience and 

prosperity for its farmers. 
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