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SUBSECTOR ASSESSMENT (SUMMARY): FLOOD PROTECTION 
 

Sector Road Map 

1. Sector Performance, Problems, and Opportunities 

1. Sector overview. India is one of the most disaster-prone countries in the world. Floods 
and river erosion are major recurrent natural disasters. On average, they affect 7.6 million 
hectares (ha) and cause an estimated $450 million of damage annually. The country has a 
flood-prone area of 46 million ha—a quarter of the cultivable land. Floods not only destabilize 
the economy but their risk also discourages investments for productive agriculture and 
industries. The poorest segment of society often suffers the greatest risk and damage. Flooding 
and riverbank erosion in a single year can wipe out their limited assets such as houses, 
livestock, and small farm plots—their only sources of livelihood. Vulnerability is particularly high 
in the Ganges–Brahmaputra–Meghna River basins in Assam, Bihar, West Bengal, Uttar 
Pradesh, and other north eastern states, where lower-income states are concentrated.  
 

2. Assam is located in alluvial plains and adjacent low hilly terrain of the Brahmaputra River 
basin. The state is one of the poorest states in India. Despite recent acceleration of its economic 
growth led by broad economic and fiscal reforms, the gap between the state and national 
average income has been widening.  Effective flood risk management is high on the state’s 
development agenda, since 40% of the state’s geographical area of 3.2 million ha is flood-
prone, covering most of its plain land. Costs of floods are rising in association with high 
population growth in flood-prone areas. On average, floods affect about 5.0 million people, 1.0 
million ha of agriculture and nonagricultural land, with damage of about $100 million.  In 
addition, about 7% of the land in the state’s 17 riverine districts has been lost because of 
riverbank erosion in the last 50 years,1 equivalent to an annual asset loss of $20 million. Poverty 
incidence is much higher in the affected riverine areas. 
 

3. Problems and opportunities. Despite the high risk faced in the large flood-prone areas, 
the reliability and effectiveness of the state’s flood and riverbank erosion management (FRERM) 
system is insufficient. The problem tree analysis is shown in the figure and synthesized below.  
 

4. Brahmaputra morphology and hydrology. Chronic flooding and river erosion 
calamities in Assam are caused by runoff from extremely heavy rainfall and high sediment loads 
from upper watersheds, which are geologically unstable and susceptible to major earthquakes 
and landslides. These are exacerbated by degradation of watershed conditions caused by 
deforestation and shifting cultivation. The flood discharge of the Brahmaputra River is the fourth 
highest in the world. Its annual sediment transport, reaching 500 million tons, is the second 
highest next to the Yellow River in the People’s Republic of China. Climate change impacts may 
exacerbate the frequency and magnitude of water-related disasters in the north eastern region.  
 

5. Need for comprehensive policy and planning framework. Coping with challenging 
and complex flooding and riverbank erosion problems in the Brahmaputra floodplains in Assam 
calls for a comprehensive FRERM approach with sound knowledge development, planning, and 
coordination integrating short- to long-term strategy and programs. Synchronized efforts are 
called for including (i) a balanced combination of structural and nonstructural measures to 
manage immediate flood and erosion risks; (ii) improved catchment level management, 
including multipurpose reservoirs as feasible; and (iii) development of a sound knowledge base 
to understand dynamic and complex hydrological and morphological processes. The 
Government of India has a policy framework to promote these comprehensive risk management 

                                                
1
  River erosion causes devastating flood damage when it undercuts flood embankments in the high flood season. 
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measures including the revised National Water Policy (2002).2 National Disaster Management 
Guidelines for Flood Management (2008) have also been issued, advocating state level FRERM 
master planning, to which the state’s FRERM operation can be guided.3 
 

6. Unreliable existing infrastructure and nonstructural measures. The state has put in 
place a number of flood control, drainage, riverbank erosion mitigation, and other structures, 
covering about 1.6 million ha or 50% of flood-prone areas. However, their effectiveness and 
reliability is limited because of deterioration associated with insufficient maintenance, river 
erosion, and riverbed rising, leading to frequent flood damage and reduced public confidence. 
Many embankments overlook drainage systems, obstructing water intrusion and drainage. The 
development potential of the infrastructure is thus largely underutilized. Likewise, nonstructural 
measures such as flood warning systems and flood shelters are largely underdeveloped with 
limited outreach. Renovation of existing flood and erosion management structures is a high 
priority, particularly of those protecting urban and productive rural areas with assured 
maintenance, while extending effective nonstructural measures in other flood-prone areas.   

7. Insufficient maintenance. Insufficient maintenance is a major factor behind 
deteriorated infrastructure. This is due to a chronic shortage of maintenance funds, insufficient 
management (e.g., lack of monitoring and effective expenditure management), and the high 
cost of follow-up works (e.g., riverbank protection). Assam state government and the central 
government are initiating steps, such as the progressive increase of fund allocation and the 
initiation of central assistance, which can cover adaptation works requiring capital expenditure.   

8. Capacities of sector institutions. In the state government, a number of agencies are 
responsible for FRERM, including the Water Resources Department (WRD), Revenue and 
Disaster Management Department, and local government institutions (LGIs). The WRD plays a 
key role in providing FRERM infrastructure while conveying flood forecasting information to 
LGIs. The Revenue and Disaster Management Department’s functions are mostly concentrated 
on disaster relief and response. In general, these agencies have requisite technical capacities, 
but there are significant needs for (i) improving quality of works fully meeting the standards with 
sufficient supervision and timely fund flows; (ii) capacity development and incentives to deliver 
programs with stakeholder participation and accountability; and (iii) sound coordination among 
line departments, LGIs, and stakeholders for effective FRERM.  

9. Need and opportunities for systematic, cost-effective, and sustainable riverbank 
protection. Bank protection is challenging because of the high capital cost. The state 
government has provided protection of 50 kilometers of bank lines mainly through boulder 
spurs, but its approach largely comprises scattered reactions responding to emergencies. A 
more systematic and adaptive approach is needed to provide protection in response to the 
dynamic morphology. There are substantial opportunities to enhance cost-effectiveness and 
sustainability by adopting innovative new technologies and practices. Modern erosion prediction 
tools can be developed and applied for advance planning and implementation of mitigation 
measures at a lower cost. Revetment may be promoted more widely, which has the advantage 
of stabilizing bank lines along the naturally developed alignments with minimal flow disruption, 
compared to spurs that may obstruct flows and cause erosion in adjacent reaches. Innovative 
materials such as geotextile fabrics can be used for more cost-effective and reliable protection 
compared with boulders. Silt deposition induced through flow-retarding screens, recently pilot 
tested in Assam, has potential for advancing the approach from conventional bank protection 
toward proactive river channel management at an affordable cost. Once established and 
consolidated, these technologies have potential for wider replication across Assam and India.     
                                                
2
  Ministry of Water Resources, Government of India. 2002. National Water Policy. New Delhi.  

3
  National Disaster Management Authority, Government of India. 2008. National Disaster Management Guidelines: 

Management of Floods. New Delhi. 
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Problem Tree Analysis for Flood Risk Management in Assam 
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 2. Government’s Sector Strategy 

10. Reform steps toward integrated flood and riverbank erosion risk management. The 
state government initiated economic and fiscal reforms in the early 2000s, aiming at inclusive 
growth with stronger governance and people’s participation. A partnership with the Asian 
Development Bank (ADB) was established and extended to strategic sectors including the 
finance, energy, transport, urban infrastructure, and flood management sectors. Accordingly, the 
state government initiated steps toward introducing integrated FRERM, following the 
government’s sector policy framework. Specific steps taken include (i) establishing the state 
Water Resources Council (headed by the chief minister) and Board as sector apex bodies to 
guide the reform process, (ii) drafting a state water policy (SWP) with a vision toward setting up 
an integrated water resources management system, and (iii) including holistic FRERM as a prime 
element of the draft SWP setting out a sound strategy to this end. Reforms of FRERM institutions 
were also started, including (i) establishment of Assam Integrated FRERM Agency (AIFRERMA), 
an autonomous multidisciplinary agency to put into operation comprehensive FRERM in 
partnership with ADB; (ii) an improved oversight and management system of WRD; and (iii) 
notifying the National Disaster Management Act, 2005 and establishing Assam State Disaster 
Management Authority and disaster management organizations at local government levels.  
 

11. Strategic framework. These reform steps are grounded by the following strategic 
elements that have been reflected in the draft SWP in line with the national framework:    

(i) operationalizing integrated FRERM, comprising (a) strategic planning, (b) balanced 
structural and nonstructural measures, and (c) institutional foundations; 

(ii) establishing a comprehensive FRERM plan to pursue long-term solutions to the 
flooding and riverbank erosion problems;  

(iii) adopting a systematic and adaptive approach to natural river processes with a 
sound data and knowledge base, recognizing their highly dynamic nature; 

(iv) pursuing FRERM operations with a much stronger stakeholder participation, 
integrated with the disaster management systems run by Assam State Disaster 
Management Authority and LGIs;  

(v) focusing on renovating existing embankments that protect strategic areas with 
assured maintenance, while extending nonstructural risk management across 
flood-prone areas;  

(vi) exploring more cost-effective, sustainable, and adaptive options for riverbank 
erosion mitigation, with exploration of new technologies and best practices; and 

(vii) strengthening institutional foundations, comprising (a) an enabling policy 
framework, (b) a data and knowledge base, and (c) capacities and management of 
FRERM agencies and disaster management institutions. 

 

12. Investment priorities. The central government and state government in their Eleventh 
Five-Year Plan, 2007–2012 accorded high priority to extending effective FRERM systems in 
flood-prone areas.4 Based on this, the WRD’s annual FRERM development expenditure was 
increased to $50 million by FY2010. The state government also prepared the Assam Integrated 
Flood and Riverbank Risk Management Investment Program to demonstrate the implementation 
of integrated FRERM through AIFRERMA while establishing sound planning and institutional 
including a critical knowledge base. In view of the limited implementation experience and staff 
capacities, the AIFRERMA will take a focused approach on most critical 90 kilometers reaches of 
the Brahmaputra River. International best practices and new technologies for more cost-effective, 
sustainable, and comprehensive FRERM will also be emphasized. Wider scale replication is 

                                                
4
  Planning Commission, Government of India. 2008. Eleventh Five Year Plan 2007-12. New Delhi, and Government of 

Assam. 2008. Eleventh Five Year Plan 2007-12. Guwahati. 
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envisaged upon its successful implementation and associated establishment of a long-term sector 
investment plan, and progressive strengthening of the institutional foundations.  
 

13. Sector road map. Through the investment program, the state government intends to 
progressively develop the enabling environment and institutional framework and capacities to put 
into operation integrated, participatory, and sustainable FRERM. A sector institutional 
development road map has been prepared and agreed in Schedule 1 of the framework financing 
agreement of the investment program, and is synthesized in the following table. 

Institutional Development Road Map toward  
Integrated Flood and Riverbank Erosion Risk Management 

Agenda Institutional Actions 

Policy framework � State Water Resources Council (chaired by the chief minister) and Board (by the chief 
secretary) established as apex bodies to guide and oversee sector reforms 

� State Water Policy drafted adopting IWRM and integrated FRERM principles 
o Policy to be endorsed by the state government, with stakeholder consultations on its 

holistic agendas including WSS, irrigation, hydropower, etc. (by 2012)   

Planning framework 
and investment plan 

� Integrated FRERM reflected in draft policy as key elements, including the need for a 
comprehensive planning framework recognizing its priority for Assam  

o State FRERM investment planning framework (by 2012) and investment plan (by 2014) to 
be prepared  

FRERM institutions 
– Disaster risk 

management 

� State notification of National Disaster Management Act, 2005 
� Establishment of ASDMA and DDMAs with staff assignments  
o Establishment of local lower-tier DMOs in the three subproject areas (by 2014)  

FRERM institutions – 
AIFRERMA  
– WRD   

� Establishment of AIFRERMA with state cabinet approval and registration under Societies 
Act, followed by operationalization with staff assignments and training 

� Establishment of common advisory council of AIFRERMA and WRD to provide guidance 
on medium-term strategy as well as annual operations 

� WRD improvements, including (i) operation of the internal quality control directorate, and 
(ii) issuance of annual reports  

Institutional base:  
Knowledge and 
capacities 

o Agreed data and knowledge base development system in partnership with local research 
institutions, and capacity development plan implemented with progressive improvements 
(immediate) 

FRERM operations 
with sound 
infrastructure and 
nonstructural 
measures 

o Implementation of agreed (i) participatory CBFRM measures with significant focus on 
nonstructural measures; and (ii) systematic FRERM with mandatory surveys and analysis, 
stringent construction management, and M&E (immediate)  

o State level guidelines prepared for planning, implementation, and M&E of infrastructure; 
CBFRM based on project experience (by 2014) 

Sustainable 
infrastructure 
maintenance 

� Progressive increase of maintenance fund allocation (by 80% in last 5 years) 
� Tools developed for asset inventorying and MIS for infrastructure monitoring 
� Mechanisms to utilize central FRERM program fund for capital maintenance 
o Implementation of agreed actions: (i) full maintenance fund allocation for the investment 

program subproject, and progressive increase to meet substantial state  requirements; (ii) 
MIS establishment for the investment program subprojects (by 2014); (iii) improved 
management of maintenance fund with transparency (by 2014); and (iv) participatory 
mechanisms of routine maintenance with local government institutions (by 2017) 

Participatory and social 
mechanisms 

o The investment program delivered in close consultations with the DMOs, and 
implementation of gender action plan agreed at appraisal (immediate) 

Good governance o Implementation of agreed good governance measures, including (i) social and 
environmental unit in AIFRERMA, (ii) transparency in operation through website, and (iii) 
external technical auditing and grievance mechanisms (immediate) 

� = denotes completed actions, ○ = actions agreed and will be implemented, AIFRERMA = Assam Integrated Flood 
and Riverbank Erosion Risk Management Agency, ASDMA = Assam State Disaster Management Authority, 
CBFRM = community-based flood risk management, DDMA = district disaster management authority, DMO = disaster 
management organization, FRERM = flood and riverbank erosion risk management, IWRM = integrated water 
resources management, M&E = monitoring and evaluation, MIS = management information system, WRD = Water 
Resources Department, WSS = water supply and sanitation. 
Source: Asian Development Bank. 
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3. ADB Sector Experience and Assistance Program 

14. ADB’s overall strategic direction in India is to assist India in promoting efficient and 
sustainable economic growth to increase employment opportunities and reduce poverty. Within 
this framework, ADB’s assistance strategy envisages an enhanced role for ADB in water 
resources, including disaster risk management and sustainable management systems. This is in 
line with the government’s high prioritization of addressing rural poverty and regional disparities, 
particularly in disaster-prone areas, and concerns regarding the possible impacts of climate 
change that may exacerbate the impact of water disasters.  
 

15. Extending integrated FRERM in Assam is a high priority, in view of the vast sectoral 
challenges and need to manage the highly dynamic and complex morphology and hydrology of 
the Brahmaputra River effectively through a comprehensive and knowledge driven approach. The 
state government has demonstrated high willingness to pursue critical investments with the 
necessary policy and institutional strengthening, and with a long-term partnership. Based on best 
practices and lessons learned in relevant ADB sector operations in South Asia and other regions,5 
the assistance will pursue more cost-effective and sustainable structural and nonstructural 
innovations adaptive to natural river processes, knowledge base development, disaster 
management organization empowerment, and participatory process management with stringent 
quality control. There will also be an emphasis on capacity development of, and incentives for, all 
agencies involved. Collaboration with other development partners will be pursued,6 for effective 
knowledge and experience sharing and synergy. 

Sector Results Framework (Flood Management, 2009–2012) 

Country Sector Outcome Country Sector Output ADB Sector Operations 

Outcomes with 
ADB 

Contributions 

Indicators with 
Targets and 
Baselines 

Outputs with 
ADB 

Contributions 

Indicators with 
Incremental 

Targets 

Planned and 
Ongoing ADB 
Interventions 

Main Outputs 
from ADB 

Contributions 

Improved flood 
and riverbank 
erosion protection 
in the states’ 
priority 
development 
areas 
 

Existing 
infrastructure 
improved 

Extension of 
nonstructural 
measures 

Facility 
maintenance 
improved 

Improved 
embankments 
increased  

Stabilized reach 
extended (90 km 
in Assam 2010) 

Outreach of flood 
forecasting and 
warning increased 

530 km
2
 area 

protected with 
holistic FRERM 

90 km of the 
Brahmaputra 
reach stabilized 

Maintenance of 
above facilities 
 

Enhanced 
capacities of state 
and national 
agencies to plan, 
implement, and 
manage flood and 
riverbank erosion 
 

Contained flood 
and river erosion 
damages 
(Rs50 billion in 
2004 in eastern 
basins)  
 
Enhanced 
economic growth 
in flood-prone 
states 
 
Strategic, 
systematic, and 
sustainable 
FRERM operation 
expanded    
 

FRERM master 
plans at state 
levels 

Improved 
knowledge base 

Mechanisms for 
interstate 
coordination  

 

All flood-prone 
states to prepare 
master plans 

Strengthened 
hydrology and 
morphology 
knowledge base 

Coordination 
framework in key 
basins 
 

Planned: Assam 
Integrated 
FRERM 
Investment 
Program: 
$120 million 
 
Ongoing: None 

State policy with 
integrated 
FRERM  

Holistic state 
FRERM plan 

Assam Integrated 
FRERM Agency 
made functional 

Holistic FRERM 
guidelines for 
replication  

ADB = Asian Development Bank, FRERM = flood and riverbank erosion risk management, km = kilometer. 
Source: Asian Development Bank.  
                                                
5
 Opportunities exist to facilitate the transfer of new riverbank protection technologies developed in Bangladesh with 

ADB assistance, including (i) short-term erosion prediction modeling, (ii) a design and implementation for revetment 
using sand-filled geotextile bags with systematic construction management and quality control, and (iii) sound data 
and knowledge management systems. ADB also facilitated observation and consultation of experts between India 
including Assam and Bangladesh on the application of these innovations in the lower Brahmaputra (Jamuna) River.  

6
 See Development Coordination (Appendix 2).  


