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1

Introduction

1.1 Background to the Project
The TA Operational Research for Mainstreaming Integrated Flood Management under Climate
Change is included in ADB’s country operations business plan, 2012–2014 under the 2012 pipeline.
In December 2011, the Ministry of Water Resources (MOWR) asked ADB to support operational
research initiatives to help better integrate non-structural and community-led measures into flood
planning and management. ADB fact-finding was conducted on 15 February and 9 March 2012, to
consult the government on the preliminary design of the TA, including expected impact, outcome
and outputs; the financing modality; cost estimates and implementation schedule and
arrangements.
The TA is being implemented in two phases, starting with Phase 1 from around March to August
2013, which primarily comprises scoping studies. These studies will involve:
i)

review of the lessons learned from the integration of structural and non-structural
components of flood management in India and globally;
ii) identification of the scope and location of the research activities; and
iii) preliminary data collection, and support for the Phase 2 start-up. Phase 2 is scheduled for 18
months and will immediately follow Phase 1.
Phase 2 comprise operational research to support the mainstreaming of integrated flood
management (IFM) in a way that takes into account projected future conditions and climate change
uncertainties.
The Phase 1 inception report was finalised in May 2013 and provides an overview of the Phase 1
project approach.

1.2 Purpose of this report
This report is intended to address the review of lessons learned from the integration of structural
and non-structural components of flood management in India and globally. It also presents a
summary of the sub-basin selection process and preliminary information on the selected sub-basins.

1.3 Consultations
This report is largely based on literature reviews. During the interim reporting stage of the project
there have been consultations with central and state government departments, and with
organisations involved in the technical aspects of flood management. Notes from meetings held
during the interim reporting period are included in Appendix C.

1.4 Report Organisation
This report is organised into eight Chapters. Chapter 2 presents a review of international practice in
flood management and of the development of approaches in integrated flood risk management
(IFRM). Case study reviews are also presented. In Chapter 3 a review is presented of flood
management in India. The review considers the historical development of flood management and
presents an account of the historical perceptions of flood issues. This is followed be a review of
more recent developments in flood management and future plans. In Chapter 4 some of the
organisational and institutional aspects of flood management in India are considered. Chapter 5
addresses community participation and presents examples of projects that have had a strong
community focus. The potential impacts of climate change on water resources and flooding in India
are considered in Chapter 6. The focus is on the impacts of climate change on development rather
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than on the scientific aspects of climate change. A review is included of various government
initiatives to further develop impact assessment in India. In Chapter 7 conclusions and
recommendations from the review of flood management practices internationally and in India is
presented. These are interim and will of course be refined as the Phase I project progresses. In
Chapter 8 the approach to sub-basin selection for Phase II studies is presented, along with a brief
description of the selected study basins and of the data requirements for Phase II studies.
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2

Integrated Flood Management: International Best Practice

2.1 Challenges in Flood Management
Floods are a natural occurrence in all river basins in response to variability and extremes in weather.
In many river systems bank, full discharge corresponds with about the mean annual flood, and out of
bank flow is a regular natural occurrence. The term "flood hazard" refers to the frequency,
magnitude and extent of a flood event.
Floodplains are often very fertile and offer good opportunities for agricultural production. Rivers
have in the past provided good transport links, and settlements naturally evolved close to these
links. Construction in floodplains is often relatively cheaper than on surrounding higher land and has
offered attractive development opportunities in many countries. Population growth and economic
growth have resulted in increased floodplain occupation, thereby increasing flood risk. The term
"flood risk" refers to the combination of a "flood hazard" at a certain frequency of occurrence with
the consequences that the flood event has. Consequences could be measured in terms of economic
losses (damage to infrastructure, property, crop losses, transport disruption etc.), or in terms of the
number of people affected and distressed by an event, and number of people who may have lost
their lives.
In many countries, rapid population growth has resulted in migration towards unplanned urban
settlements in floodplains, increasing exposure to flood hazards and increasing flood risk. Often the
most flood prone land is occupied by the poorest and most vulnerable members of society, who also
have least resilience to flood impacts. "Vulnerability" is a term used to describe the ability of a
household, community or societal group to deal with a flood event. This could be in terms of
removing goods and possessions to a higher level, or having the time and resources to safely
evacuate the flood prone area. "Resilience" is the term used to describe the ability of a household,
community or societal group to recover from a flood event and resume their normal activity with as
little disruption as possible. Generally resilient groups are expected to have reserves and resources
at their disposal to assist with re-establishment after a flood, and are least vulnerable.
Engineers have long understood that protection from flooding, at anything other than a very
localised scale, is generally not feasible, and it is for this reason that the terms "flood alleviation" or
"flood mitigation" are used, and not the term "flood protection". Flood alleviation measures are
designed to provide protection from floods that have a recurrence interval that is less than a chosen
design standard. For urban areas that design standard might be a flood with a return period of 50
years or 100 years, while for agricultural areas it might be for floods with a recurrence interval of 5
years. The fact is that there is always a probability that a flood will overtop defences, and this may
not be appreciated by those that occupy land behind defences. Once defences are in place, there
may be increased development behind defences increasing residual risk. This additional risk may be
acceptable if the value of economic activity significantly exceeds the potential losses when
eventually overtopping does occur, but this has to be understood by those at risk. Traditionally little
consideration has been given to planning for the consequences of flood defences being overtopped
or breached, although there is now an increasing awareness that the potential consequences of
failure must be planned for and managed 1. It must also be recognised that the climate system is not
stationary, and that flood frequency and magnitude are changing. The concept of a design flood has
become a moving target. Actual levels of flood protection are in most cases being reduced as a
result of climate change. Considering the consequences of flood defences being overtopped is
increasingly important.

1

http://wwwp.dailyclimate.org/tdc-newsroom/2013/03/flexible-infrastructure-climate-stress
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Climate change is expected to make flooding more frequent in most regions of the world, and flood
management is considered as a priority for climate change adaptation under the United Nations
Framework on Climate Change.
The natural flood cycle is important for maintenance of river ecosystems. Fish migrations may be
linked to annual flood cycles, and floods help to flush out a river system and may improve fish
spawning grounds. On the floodplain, and in wetland areas, inundation by smaller more frequent
floods is often important for maintenance of flora and fauna, although these may be adversely
affected by extreme events.

2.2 Historical Approaches to Flood Management
Historically, flood management practices have focused on reducing flooding and reducing potential
flood damages. Flood alleviation or flood mitigation schemes have often been developed to address
problems at particular locations, with little consideration to potential consequences of the
intervention on flood risk upstream or downstream of the intervention. Traditional flood
management practices have included structural and non-structural interventions as well as
institutional interventions. Approaches have often lacked a holistic basin view, and have not been
integrated with other basin activities that influence the water cycle. Nor have they considered the
consequences of events that exceed design capacities. Often following the provision of flood
alleviation measures, residual risk is not properly understood and occupancy of the floodplain
increases, resulting in increased risk.
The Associated Programme on Flood Management (APFM) (WMO, 2009) lists the following
traditional flood management interventions:
•
•
•
•
•
•

"source control to reduce runoff (permeable pavements, afforestation, artificial recharge);
storage of runoff (wetlands, detention basins, reservoirs);
capacity enhancement of rivers (bypass channels, channel deepening or widening);
separation of rivers and populations (land-use controls, dykes, flood proofing, zoning, house
raising);
emergency management during floods (flood warnings, emergency works to raise or
strengthen dykes, flood proofing, evacuation);
flood recovery (counselling, compensation or insurance)".

Source control is intended to reduce runoff by encouraging infiltration, and effectiveness is of course
a function of antecedent conditions. Source control may also reduce soil erosion and can be part of
wider catchment management planning as there may be an influence on the overall water resource.
Providing storage for surface runoff attenuates and lags the downstream flood hydrograph.
Floodplains and wetlands provide natural storage. If floodplains are lost through local development
and flood alleviation (through the construction of dykes etc.), flooding upstream and downstream
can be exacerbated. Reservoirs are often multi-purpose and there can be conflict between
objectives of providing flood storage, and storage for resource conservation. Reservoir releases can
in some cases create flood risks downstream, and again a holistic integrated basin approach is
required in their management.
Increasing the conveyance capacity of rivers will generally have morphological implications, and is
likely to impact on ecosystems. It may also affect other river uses, lowering levels at low flows for
example with consequences for intakes for water supply.
The construction of dykes or flood embankments is one of the most common flood mitigation
measures, and is widely used in India, particularly where floodplains are intensively used for
agricultural and / or urbanisation. Flood embankments will inevitably be overtopped at some time,
and it is essential that floodplain residents understand the flood hazard and residual flood risk.
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Land-use control may be adopted where floodplain development is undesirable, but may be
impractical where there is significant development pressure.
Flood proofing can be effective in some situations and flood gates and barriers are becoming more
common in urban areas. Raising floor levels and elevating houses on stilts is mostly appropriate
where housing density is low, warning times are short, and flooding is a frequent occurrence.
Flood warnings can be very effective in reducing flood damages, particularly when longer lead times
are possible, giving floodplain residents time to move assets to a higher level, and for evacuation.
There needs to be a high level of preparedness, which requires public education programmes to
raise community awareness. Emergency planning should be linked to flood warning and community
awareness of procedures and evacuation planning is essential. Involving communities in emergency
planning at an early stage is important.
In many river basins flood mitigation measures carried out in isolation have had negative impacts on
other parts of the basin. This has in some cases been as the result of institutional or administrative
boundaries leading to locally focused interventions and the lack of a basin perspective. The impacts
of land use change and urbanisation have also impacted on levels of flood protection and on the
flood hazard and risk.

2.3 Integrated Water Resources Management
At the International Conference on Water and the Environment, held in Dublin in January 1992,
participants called for fundamental new approaches to water resources assessment, development
and management, recognising that a global water crisis existed that affected many millions of
people. It was recognised that water resources had to be managed more effectively than they had
been in the past if growing threats to sustainable development and the environment were to be
avoided. At its closing ceremony the conference adopted the Dublin Statement and Conference
Report 2. Later that year the UN conference on Environment and Development called for the
establishment of mechanisms to promote public participation in promoting Integrated Water
Resources Management (IWRM).
The basis for founding the Global Water Partnership (GWP) was established following the informal
adoption of the Dublin Principles at the UN Conference on Environment and Development (UNCED)
in Rio de Janeiro in 1996 3.
The GWP 4 describe IWRM as "a process which promotes the coordinated development and
management of water, land and related resources in order to maximise economic and social welfare
in an equitable manner without compromising the sustainability of vital ecosystems and the
environment."
Through IWRM, the traditional top-down fragmented and sectoral approach to water resources
development and management is replaced by a cross-sectoral policy approach that is founded on
the understanding that "water resources are an integral component of the ecosystem, a natural
resource, and a social and economic good5". Figure 2.1 embodies this concept.

2

http://www.wmo.int/pages/prog/hwrp/documents/english/icwedece.html
http://www.gwp.org/en/About-GWP/History/
4
http://www.gwp.org/The-Challenge/What-is-IWRM/
3
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Figure 2.1 IWRM and its relations to subsectors

(Source: GWP5)

IWRM takes account of social, environmental and economic interests and is focused on providing a
balanced approach to water resources development and management. "The integrated approach
co-ordinates water resources management across sectors and interest groups, and at different
scales, from local to international. It emphasises involvement in national policy and law making
processes, establishing good governance and creating effective institutional and regulatory
arrangements as routes to more equitable and sustainable decisions. A range of tools, such as social
and environmental assessments, economic instruments, and information and monitoring systems,
support this process" (Global Water Partnership, 2009). Figure 2.2 demonstrates some of the
linkages.

Figure 2.2 IWRM principles

The three dimensions of water management are considered to be the enabling environment,
institutions and management, as indicated above. The GWP has created a "Toolbox 5" that sets out
the key principles of IWRM, supported by a range of case studies. The main elements of the toolbox
are listed in Table 2.1.
5

http://www.gwptoolbox.org
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Table 2.1 Elements of the GWP toolbox

Dimension
Key components
The Enabling Environment
Policies

Legal framework

Investment
Structures

Institutional Roles
Creating an
Framework

&

Activities
National water resources policy
Policies with relation to water resources
Climate change adaptation policies
Elements of water law
Implementation and enforcement
Integrating legal frameworks for IWRM
Financing Investment frameworks
Strategic financial planning
Generating basic revenues for water
Repayable sources of finance for water

Organisational Reforming institutions
Transboundary organisations
National apex bodies
River basin organisations
Regulatory bodies & enforcement agencies
Service providers and IWRM
Strengthening public sector water utilities
Role of the private sector
Community based organisations
Local authorities
Building partnerships
Building Institutional Capacity
Participatory capacity
Capacity of water professionals
Regulatory capacity
Management Instruments
Water Resources Assessment
Knowledge management
Water resources assessment
Modelling in IWRM
Developing IWRM indicators
Ecosystem assessment
Water footprint and virtual water concept
Plans for IWRM
National IWRM plans
Basin management plans
Groundwater management plans
Coastal zone management plans
Water infrastructure implementation & IWRM
Efficiency in Water Use
Efficiency of use
Recycling and reuse
Efficiency of supply
Social change instruments
Education curricula
Communication with stakeholders
Raising public awareness
Conflict Resolution
Conflict management
Shared vision planning
Consensus building
Regulatory Instruments
Water rights allocation
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Economic Instruments

Information Exchange
Assessment Instruments

Water quality
Water services
Land use
Protecting freshwater ecosystems
Pricing of water and water services
Pollution charges
Water markets and tradable permits
Subsidies
Payment for environmental services
Information management systems
Sharing data for IWRM
Risk assessment and management
Environmental assessment
Social assessment
Economic assessment
Vulnerability assessment

The IWRM approach places considerable emphasis on institutional responses that enable resources
to be managed sustainably and equitably. The GWP suggest that IWRM should be considered as an
iterative approach. Through monitoring and evaluation, management plans can be continually
refined and improved. Figure 3 indicate the management cycle of planning and implementation.

Figure 2.3 Management cycle of planning and implementation (Global Water Partnership, 2009)

The fundamental management unit for IWRM is the river basin, and not a fragmented part thereof.
River basin organisations have to be at the centre of the approach.
IWRM, as set out by the GWP does not explicitly address dealing with water related disasters such as
floods and droughts, but as these are implicitly linked to management of land and water within a
basin, water related disaster management should be addressed within the structure of IWRM.
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2.4 Evolution of and Integrated Flood Management Concept
The United Nations Economic Commission for Europe (UN/ECE) created a working group on Water
Management from parties to the "Convention on the Protection and Use of Transboundary Water
courses and International Lakes". A task force was created to prepare draft recommendations on
flood prevention and protection. The task force comprised nominated experts from Austria,
Belgium, Finland, Germany, Hungary, Netherlands, Poland, Russian Federation, Spain and
Switzerland. In addition there were representatives on the task force from the secretariats of
UN/ECE, the International Decade for Natural Disaster Reduction (IDNDR), the World Meteorological
Organisation (WMO), and the World Health Organisation's Regional Office for Europe (WHO/EURO).
There were also representatives from the International Commission for the Protection of the River
Rhine, and the International Commission for the Protection of the River Elbe. The main output of
the task force was "Draft Guidelines on Sustainable Flood Prevention 6", produced in 2000.
The UN/ECE guidelines were intended to be strategic rather than technical, and were intended to
assist countries and other bodies in "developing and implementing sustainable measures and good
management practices for flood prevention and protection that take into account economic,
environmental and social considerations". The guidelines recognised that in some cases society has
become more vulnerable to floods, and that floods may have been intensified by human activities.
The guidelines identified that there has to be a paradigm shift in the approach to natural hazards
with a "shift from defensive action against hazards to management of the risk". A requirement was
identified for a holistic approach taking into account the entire river basin, and based "on
multilateral cooperation, including interdisciplinary planning for the whole catchment areas".
The guidelines considered that there were at least seven basic principles for sustainable flood
mitigation, requiring multi-sectoral cooperation and coordination for their implementation. The
basic principles identified were:
i) "Flood events are part of nature. They have always existed and will continue to exist.
ii) Human interference into the processes of nature has increased the threat of flooding. As far
as possible, such interference should be reversed, compensated and, in the future, prevented.
iii) Flood prevention should cover the entire catchment area of watercourses; this also applies to
transboundary waters and their catchment areas. Flood prevention has also to be based on
the precautionary principle.
iv) Structural measures will remain important elements of flood prevention and protection.
However, these measures should primarily focus on the protection of human health and
safety, and valuable goods and property. Requirements of nature conservation and
landscape management should be taken into account.
v) Everyone who may suffer from the consequences of flood events should also take his/her
own precautions. To this end, appropriate information and forecasting systems should be
established by the competent authority.
vi) Human uses of flood plains should be adapted to the existing hazards. Appropriate
instruments and measures should be developed to reduce the risk of flooding.
vii) In flood-prone areas, preventive measures should be taken to reduce possible adverse effects
of floods on aquatic and terrestrial ecosystems, such as water and soil pollution."
Approaches to developing policies and strategies are outlined in the guidelines, as are requirements
for coordinated actions across organisations. Requirements for public awareness, education and
training are also prominent. Appendices to the guidelines include:
•

6

Good practices for flood prevention and protection
o retention of water in the soil

http://www.unece.org/fileadmin/DAM/env/water/publications/documents/guidelinesfloode.pdf
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•

o land use zoning and risk assessment
o structural measures and their impact
o early-warning and forecast systems
Good practices for flood prevention and protection: awareness raising, education and
training
o recommendations to policy makers
o recommendations to government authorities
o recommendations to municipal and local authorities
o recommendations on education
o recommendations on agriculture and forestry
o recommendations on science, research and technology
o recommendations to the media
o recommendations to citizens and the public at large
o recommendations to businesses

Following serious floods in Europe in 2002, the Water Directors of the European Union (EU) agreed
to take an initiative on flood prediction, prevention and mitigation. A core group led by the
Netherlands and France were charged with preparation of a "best practice document". The
document was produced in 2003, entitled "Best Practices on Flood Prevention, Protection and
Mitigation 7", and was essentially an update of the UN/ECE guidelines of 2000. The document
considers only river and flash floods, and like the UN/ECE guidelines is strategic rather than
technical. It recognised that the Water Framework Directive did not address flood mitigation
explicitly, although a goal was to reduce the impacts of floods. The EU document clearly promotes
an integrated flood management approach although this terminology is not used. The document is
in three parts. The first sets out strategies following the organisation of the UN/ECE document, and
elaborating on parts of that document. The second part is entitled "Best Practices" and is split into
eight sections addressing the following:
A. Integrated River Basin Approach
• Need of a river basin approach
• Need of an integrated approach
• Need of an integrated and comprehensive action plan
• Need of international and transboundary cooperation
• Need of financial instruments
B. Public Awareness, Public Participation and Insurance
• Public awareness
• Public participation
• Insurance
C. Retention of Water and Non-structural Measures
D. Land Use, Zoning and Risk Assessment
• Risk assessment means
• Preventive land use means
E. Structural Measures and their Impact
F. Early Warning and Forecast Systems
G. Flood Emergency
H. Prevention of Pollution
Part three of the document presents conclusions that may be summarised as follows:
• success can only be achieved through an interdisciplinary approach;
7

http://www.actif-ec.net/library/EUBestPracticeFinalversion.pdf
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•
•
•
•
•
•
•

it is not possible to manage heavy precipitation and extreme floods: "We have to learn to
live with those events.";
anthropogenic augmentation of floods must be avoided;
people must be made aware of potential and actual risks in order to induce their
precautionary actions;
a flood management plan should be developed for each river basin
the plan must consider solidarity within the river basin such that problems are not passed
from one area to another;
an integrated approach should be adopted covering all aspects of water management,
physical planning, land use, agriculture, transport and urban development, nature
conservation, at national regional and local levels;
in flood management plan development, decision makers at all levels as well as stakeholders
and civil society should be involved.

2.5 Integrated Flood Management
The concept of Integrated Flood Management (IFM) has been promoted by the Associated
Programme on Flood Management (APFM 8 ). The APFM is a joint initiative of the World
Meteorological Organisation (WMO) and the Global Water Partnership (GWP), which was created in
1996 to foster Integrated Water Resources Management (IWRM).
The APFM first published their "Integrated Flood Management Concept Paper" in 2003. A second
edition followed in 2004, and a revised third edition in 2009 (WMO, 2009). The IFM concept builds
on the earlier UN/ECE guidelines and the EU "Best Practices on Flood Prevention, Protection and
Mitigation", and requires that land and water resources development in a river basin is integrated
within the context of IWRM. It is recognised that settlement in floodplains cannot be avoided and
has economic advantages. IFM should result in efficient use of floodplains while minimising any loss
to life, accepting that occasional flood losses may be accepted.
Putting IFM in the context of IWRM, requires that river basins be considered as integrated systems in
which socio-economic activities, land-use patterns, hydromorphological processes, etc., are
considered as constituent parts (WMO, 2009). The approach requires that the entire hydrological
cycle is considered, and that there is recognition that a single intervention may have implications for
the system as a whole, both positively and negatively. At the simplest level, IFM may be considered
as shown in Figure 2.4.
The APFM definition of IFM (WMO, 2009) may be summarised as follows:
•
•
•
•
•
•
•
•
•
•
•
8

efforts should be made to maintain or augment the productivity of floodplains;
economic losses and loss of human life must be considered;
floods must not be treated as problems in isolation;
IFM requires a paradigm shift from traditional fragmented approaches to flood
management;
the river basin is a dynamic system with many interactions between land and water;
the IFM starting point is a vision of what the river basin should be;
a sustainable livelihood perspective should be adopted through which opportunities to
enhance the performance of the system as a whole can be identified;
coastal zone management should be integrated in IFM;
the attempt is to improve the functioning of the river basin as a whole;
there is a need to balance development requirements and flood losses;
reducing loss of life should be the top priority;

www.afpm.info, www.floodmanagement.info
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•

the objective of flood loss reduction should be secondary to the overall goal of optimum use
of floodplains.

Figure 2.4 The APFM IFM model (WMO, 2009)

The APFM concept paper indicates that an IFM plan should:
•

•

•

Page 12

manage the water cycle as a whole;
o take account of the whole range of flood magnitudes and durations;
o maximise the positive aspects of floods (e.g. groundwater recharge, retention for
use in crop production);
o treat groundwater and surface water as linked parts of the overall water resource;
o consider the potential adverse effects of changing the runoff regime;
o in urban flood management consider impacts on drinking water supply, sewage and
wastewater disposal, and surface runoff disposal (post flood pollution is often a
serious problem);
integrate land and water management;
o consider how land-use change and environmental degradation may have changed
hydrological response and the flood hazard;
o combine land-use and water management planning, recognising impacts of land-use
on water quantity, water quality, soil erosion transport and deposition;
o map flood hazards and risks;
o identify potential issues associated with upstream urbanisation and river training;
manage risk and uncertainty;
o recognise that occupying a floodplain involves the risk of damage to property and
crops and loss of life, but also provides opportunities;
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consider flood risk in the context of other prevailing risks to individuals, households,
and communities, and in particular risks associated with poverty;
o consider fully the potential socio-economic consequences that policies for reducing
flood risk might have;
o recognise the level of hydrological uncertainty that exists, and the potential changes
in that at uncertainty as a result of climate change;
o recognise that social economic and political uncertainties also exist;
o apply flood risk management approaches through a systematic cycle of
preparedness, response and recovery plans;
o identify, assess, and minimise risk through appropriate policies and practices;
o reduce residual risk through measures such as spatial planning, flood warning,
evacuation planning, preparations for disaster relief, flood proofing, and possibly
insurance and other risk sharing mechanisms;
adopt a best mix of strategies (based on climate, basin characteristics, socio-economic
conditions) including:
o reducing flooding;
o reducing susceptibility to damage;
o mitigating the impacts of flooding;
o preserving the natural resources of floodplains;
include flood hazard mapping;
o permit informed decisions on floodplain occupancy and use
o balance potential short-term and long-term interventions
ensure a participatory approach;
o encourage the participation of users, planners and policy makers at all levels;
o be open, transparent, inclusive and communicative;
o require the decentralisation of decision making;
o include public consultation and involvement of stakeholders in planning and
implementation;
o be clear about who has standing in the decision and ensure that the powerful do not
dominate the debate;
o keep gender, religious and cultural differences in perspective;
o provide for the participation of minorities and indigenous people and the socially or
economically weaker sections of society;
o account for the interests of vulnerable sections of society;
o adopt an appropriate mix of bottom-up and top-down approaches to disaster
management;
o coordinate the activities of local, regional and national development agencies at the
appropriate level, promoting coordination and cooperation across functional and
administrative boundaries;
adopt integrated hazard management approaches in preference to a hazard-specific
approach.
o

•

•
•

•

The AFPM concept paper includes a section on the requirements for putting IFM into practice. This
is based on IFM being an integral part of IWRM, and requiring IFM to be linked to the IWRM enabling
environment, institutional roles, and management instruments. The actual requirements will be
dependent upon a number of factors specific to the basin.

2.6 The EU Directive on the Assessment and Management of Flood Risks
The EU Directive on the assessment and management of flood risks (EC, 2007) is a very
comprehensive piece of legislation that provides an excellent framework for the implementation of
IFM, requiring a clear set of actions by member states. This directive builds on the earlier water
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framework directive that required the establishment of river basin management plans for each river
basin district. The water framework directive required achievement of good ecological and chemical
status, as well as mitigating the effect of floods. Reducing flood risk was not, however, a principal
objective of the water framework directive and the potential impacts of climate change were not
taken into account. Other complimentary directives are in place with regard to international
cooperation on floods, and disaster preparedness.
The EU directive on management of flood risks requires member states to:
•
•
•
•

•
•

•
•
•
•

consider the impacts that policies on water and land uses might have on flood risks and
management of flood risks;
base objectives on the management of flood risks on local and regional circumstances;
assess the flood risks in each river basin district or unit of management, and the need for
further action - such as the evaluation of flood mitigation potential;
establish flood hazard maps and flood risk maps showing the potential adverse
consequences associated with different flood scenarios, including information on potential
sources of environmental pollution as a consequence of floods, and assess activities that
have the effect of increasing flood risks;
develop flood risk management plans, taking into account the particular characteristics of
the area that they cover, and tailored to those needs;
focus flood management plans on prevention, protection and preparedness, giving rivers
more space, giving consideration to maintenance / restoration of flood plains, as well as
measures to reduce impacts on human health, the environment, cultural heritage and
economic activity;
periodically review flood risk management plans, and if necessary update taking into
account the likely impacts of climate change on flood occurrence;
seek a fair sharing of responsibilities when measures are jointly decided for the common
benefit along water courses;
consider flood risk management plans as elements of integrated river basin management
plans, using mutual potential for common synergies and benefits;
base assessments, maps and plans on appropriate 'best practice' and 'best available
technologies' not entailing excessive costs.

The directive sets out a timetable for establishing for each river basin district:
i)
ii)
iii)
iv)

a preliminary flood risk assessment;
flood hazard maps and flood risk maps;
flood risk management plans;
reviews, reports and final provisions.

Detail is given in the directive with regard to the expected approach to each of the above steps. The
directive provides a generic model that addresses the requirements of IFM with the context of
IWRM, and that would be applicable in any federal system. The full text of the directive is included
in Appendix A.

2.7 International Practice in IFM
The APFM published case study findings of practices in flood management in different parts of the
world, and with different climatic, physical and socio-economic conditions (APFM, 2005). The main
objectives in collating the case studies were:
i) to identify the extent to which flood management has been carried out within the context of
IWRM;
ii) to understand shortcomings in current flood management practices worldwide;
iii) to extract good practices for IFM;
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iv) to catalogue the policy and legislative requirements in support of IFM;
v) to identify the institutional setup required to achieve IFM.
A total of 19 case studies were included. The case studies in full are published on the APFM
website 9. It was found that there were certain similar developments taking place in different parts
of the world that were leading to an IFM approach. The main lessons taken by APFM from the case
studies may be summarised as follows:
i)

ii)

iii)

iv)

v)

vi)

Flood management. Past emphasis on structural measures has generated a false sense of
security amongst floodplain residents. This results in potentially increased flood damages
and this has been observed. The use of structural and non-structural measures is required
to achieve flood damage reduction while enhancing the floodplain environment.
Flood forecasts and warnings. Real-time data acquisition, flood forecasting and warning can
be very effective. Uncertainties in meteorological forecasts and occasional false alarms have
in some cases resulted in a loss of impact. It is necessary to ensure that all sections of
society can be reached by existing warning systems.
Land-use regulation. Encroachment on the floodplains and upstream development
increases vulnerability of the floodplain occupants, particularly in the downstream reaches.
The effectiveness of land use regulation is significantly reduced if there is poor enforcement
and inconsistent application. In the majority of case studies there were no effective
solutions based on land use regulation.
Urban flooding. Urban flood damage potential is increasing in many areas and in many cases
illegal settlements occupying low land and land close to streams are most at risk. Land-use
master plans, urban drainage and flood control master plans, should be integrated with
other city plans, and particularly those related to water supply, sanitation and solid waste
management.
Community co-operation and participation. In the case studies this had largely been
associated with flood relief and rehabilitation measures after a flood, rather than at the
planning stage. It was noted that some countries were moving towards increased
community participation, but that capacity building was required. Increasing public
awareness and strengthening institutional arrangements is required to support
participation. Building relationships with local communities requires developing trust,
integrating indigenous knowledge, and demonstrating benefits.
Flood management in transboundary rivers. It was noted that most arrangements between
states for planning and sharing of data and information were informal, and that there was a
need to maintain effective communication.

On the basis of the case study findings, APFM made a list of the possible consequences of not
adopting an IFM approach. This is reproduced below.
1. Decisions in one sector of water management (e.g. drought management) are likely to have
adverse consequences for the management of another sector (e.g. flood management)
reducing the overall benefits of water management to society. Another way of putting this is
that ‘negative externalities’ of decisions are likely to be felt throughout the water
management cycle.
2. Land management decisions are likely to negate flood management decisions rendering the
latter ineffective. Consequently flood losses will be higher than necessary and negative
impacts upon the economy will be larger than they need to be.
3. Upstream decisions are likely to have negative effects on downstream users, reducing the
overall benefits of water management to the economy and to society.

9

www.apfm.info
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4. The full range of options for flood management is unlikely to be considered with the
consequence that an optimal mix of strategies is unlikely to be identified and adopted. The
consequence is that opportunities to reduce the costs of flooding and to capture the benefits
of flooding will be lost.
5. Flood management strategy is likely to become over-dependent upon a small range of
options, skewing choice, perpetuating ineffective strategies in some cases, and generally not
delivering the socio-economic benefits which are realizable. This may well have a drag effect
on socio-economic development and lead to economies and societies remaining in an underdeveloped condition.
6. Key legitimate interests are likely to be excluded from flood and water management decision
making, leading to adverse impacts upon some sectors of society and economy.
7. Opportunities to gain ownership of flood and water management strategies may well be lost,
with the consequence that opportunities for strategies to be reinforced by social action will
be foregone. Systems designed to provide early warning and reaction to floods may well be
one of the casualties leading to loss of opportunities to reduce costs to the economy and
society.
8. The negative environmental impacts of flood and water management decisions are unlikely
to be adequately recognised and catered for leading to unnecessary environmental damage
and loss, which may well have adverse knock-on effects on economy and society either
immediately or over time. Strategies are unlikely to be sustainable ones.
9. In all cases above, the impact on GDP may be not as beneficial as possible, and there may be
negative GDP effects in the worse cases.
10. In the long-term, a symptom of non-integrated flood management is likely to be delay in
decision making and implementation of projects caused by fragmented responsibilities, the
requirement for multiple approval, etc.
The APFM case study review indicated a strong link between the uptake of IFM and per capita GDP.
In countries with higher per capita GDP the level of adoption of IFM was much higher.

2.8 Catchment Flood Management Planning in England and Wales
In England and Wales, the Environment Agency (EA) is an Executive Non-departmental Public Body
responsible to central Government. Flood risk management is a priority of the EA. It is estimated
that 5.5 million properties in England and Wales are at risk from flooding.
The EA is divided into six regions, and within each region exists a number of area offices that are
responsible operations and maintenance. The EA is responsible for implementing flood risk
management options. It is at regional level that water resources management and flood risk
management planning is undertaken.
Catchment flood management plans 10 (CFMPs) have been prepared for each river basin or
catchment in each region. Figure 2.5 shows the Environment Agency Regions and the breakdown of
catchments for CFMP purposes in the East Anglian Region. The CFMPs give an overview of flood
risks in each catchment and how these are being managed now, and should be managed in the next
50 - 100 years. CFMPs consider all types of flooding, including groundwater and tidal flooding, but
not direct flooding from the sea, which is addressed in Coastline Management Plans. CFMPs address
the likely impacts of climate change, the effects of land use management, and how development can
take place to meet present needs without compromising the ability of future generations to meet
their needs.

10

http://www.environment-agency.gov.uk/research/planning/33586.aspx
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Figure 2.5 Environment Agency regions and the breakdown of catchments for CFMP
purposes in the East Anglian Region

CFMPs are intended to aid understanding of the nature of flooding and how this might change in the
future, and to set policies for flood risk management within a catchment. They are intended to be
used to inform planning and decision making by key stakeholders in a catchment, including:
•
•
•
•
•
•

the Environment Agency;
regional planning bodies and local authorities;
drainage boards and water companies;
transport planners;
land owners;
the public and businesses.

CFMPs are in the public domain. Summaries of CFMPs are published on the Environment Agency
web site, and full CFMP documents are provided to anybody on request. Post adoption statements
are also published for each CFMP. These outline the environmental considerations made during
development of the plan, and also how the consultation process influenced the plan.
Flood hazard and flood risk mapping has been produced by the Environment Agency nationally and
may be accessed online 11. Through an interactive map, details of what is at risk from flooding at any
particular location can be displayed, providing the public with access to an easily understood
summary of issues in their area. The flood hazard is overlain on an ordinance survey map that
contains full details of infrastructure and land use. An example of the description of risk that can be
obtained from the map is shown in Figure 2.6.
Flood hazard mapping has generally been based on the results of detailed hydrological analysis and
computational hydraulic modelling. Computational hydraulic models have been established by the
Environment Agency for all main rivers in England and Wales.

11

http://www.environment-agency.gov.uk/homeandleisure/37837.aspx
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Figure 2.6 Example of UK Environment Agency flood risk description from interactive flood risk mapping

There are six broad policy options that are adopted nationally, and tailored to suit the requirements
of particular areas covered by a CFMP. The broad policy options are listed in Table 2.2 below.
Table 2.2 UK Environment Agency flood risk policy options

Policy 1:
Policy 2:
Policy 3:
Policy 4:
Policy 5:
Policy 6:

Areas of little or no flood risk where we will continue to monitor and advise
Areas of low to moderate flood risk where existing flood risk management actions can
generally be reduced
Areas of low to moderate flood risk where existing flood risk is generally managed
effectively
Areas of low, moderate or high flood risk where flood risk is generally managed
effectively but where further actions may be needed to keep pace with climate change
Areas of moderate to high flood risk where further action is required to reduce flood
risk
Areas of low to moderate flood risk where action will be taken to store water or
manage run-off in locations that provide overall flood risk reduction or environmental
benefits

A catchment flood management plan will generally:
• provide an overview of the catchment
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•
•
•
•

describe current and future flood risk
describe current flood management
describe the future direction for flood risk management
provide details on policy in particular sub-areas
o describe issues for the sub-area
o assess numbers of people and property at risk
o provide a vision and preferred policy
o propose actions to implement the preferred policy

At the national level, the Environment Agency now produces an annual report through which overall
progress in tackling the nations flooding issues is reported. This also includes brief case study
examples of the types of activities being undertaken.
The Environment Agency has a well developed flood forecasting and warning system. A combination
of weather radar and telemetered raingauges is used to provide input to hydrological and
computational hydraulic models that are used to produce flood forecasts. Three flood warning
levels are used: Flood Alert, Flood Warning and Severe Flood Warning. These are broadcast on local
radio and television, and information can also be obtained through the Floodline Information
Service, either by telephone or the internet. The public and businesses can also receive flood
warning directly by telephone. The Environment Agency web site also provides advice on flood
preparedness and post event clean up and recovery.

2.9 Flood Management in Scotland
In Scotland the approach to flood risk management was until recently fragmented, and lacked a river
basin perspective. Local authorities were responsible for the provision of flood mitigation within
their area, but there was no requirement to consider broader issues and the potential impacts of
measures on other parts of a catchment. It was recognised by the Scottish Government that a more
sustainable and integrated approach was required, particularly in the light of anticipated increased
flood risk under the influence of climate change. The "Flood Risk Management (Scotland) Act
2009" 12 was their response, and is basically in line with the EU Directive.
There is a requirement for flood risk management plans to be prepared that consider all forms of
flood risk from river, groundwater, coastal, and urban drainage systems. The plans are required to
consider present flood risk as well as that likely to be experienced in the future. The flood risk
management plans are to be produced by a number of organisations working jointly and including
SEPA (Scottish Environmental Protection Agency), Scottish Water (responsible for urban drainage
and for water supply and wastewater), the Scottish Government and local communities.
Flood risk management plans are to be produced by 2015 and are expected to consider a planning
horizon of 50 years. There will be a review and updating cycle every six years. Flood risk
management plans are expected to consider:
•
•
•
•
•

12

land management and restoration of natural habitats that help reduce the flow of
floodwaters to downstream areas (e.g. wetlands and woodlands);
planning policies that will ensure that homes and businesses are located away from areas
with a significant flood hazard;
sustainable urban drainage systems to reduce urban flood runoff and pressures on sewer
systems;
flood forecasting and warning systems;
coastal restoration (saltmarsh etc.) to increase protection from storm surge.

http://www.sepa.org.uk/flooding/flood_risk_management.aspx
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Under the new approach in Scotland, SEPA effectively has the function of a river basin organisation.
They are responsible for the co-ordination of flood risk management, and the delivery of
information. They are required to have close working relationships with local authorities, Scottish
Water and other public bodies, alongside stakeholders and the public. SEPA also provide flood
forecasting and warning services.
The public and local communities are being given opportunities to engage in the process of
producing flood risk management plans. As a first stage information was published on areas most at
risk from flooding, including on-line flood risk maps, for public review. A national flood risk
assessment was prepared by SEPA using a gridded approach in which land use and flood hazard
were combined to create a flood risk map for the entire country. Stakeholder groups were
established for particular locations and will be contributing to the development of the draft flood
risk management plans to be produced in 2014.
Local authorities continue to play a central role in managing flood risk in their areas, and take the
lead in developing local flood risk management plans, co-ordinated through SEPA who are to ensure
that basin objectives and actions are met in local plans. The Role of Scottish Water is to assess urban
flood risk from sewer systems (storm water, foul and combined), and to work with local authorities
and SEPA to identify opportunities to reduce these risks through capital investment.
The perceived benefits of the new approach are:
•
•
•
•
•

a stronger voice for the public and communities to influence actions to manage flooding;
better information about where flood risk exists;
clear lines of responsibility for implementing actions to manage flood risk;
co-ordinated activities to manage flood risk.
benefits for Scotland's communities, the economy, the environment and cultural heritage.

Institutionally the approach in Scotland is quite different to that in England and Wales where the EA
is responsible for flood defence and is the implementing agency. In Scotland implementation of
flood defence works still rests with local authorities, but co-ordinated at the basin level through
SEPA.

2.10 Flood Management in the Danube Basin
The Danube River Basin is shared by 19 countries and is the most international of international river
basins. Countries with more than 2000 km2 of basin area, of which there are 14, are contracting
parties of the International Commission for the Protection of the Danube River (ICPDR) 13. The ICPDR
was created in 1998 to implement the "Danube River Convention". The objective is sustainable and
equitable use of the water of the Danube River. As a part of its Joint Action Programme, the ICPDR
had identified a need to establish a long-term "Action Programme for Sustainable Flood Prevention
in the Danube River Basin". An extensive system of flood defence structures now exists in the
Danube Basin, protecting floodplain that amounts to more than 7% of the basin area. The river is
constrained between flood embankments and dykes and there is now little natural floodplain. The
ICPDR estimate that 60,000 km2 lies below a 1% annual maximum flood level. The floodplain
population is almost 5 million, and there are significant assets and infrastructure at a residual flood
risk.
Flooding is a significant issue in the Danube Basin. Serious flooding occurred in 2002 across much of
Europe and in the Danube Basin in particular. Further serious flooding occurred in 2006, and again
in 2010. The flooding in 2002 accelerated progress on the Flood Action Programme, which was
produced in 2004 14. The action programme was based on the various sustainable flood mitigation
13
14

http://www.icpdr.org/main/
http://www.icpdr.org/main/issues/floods
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programmes that had been developed in Danube countries, with the overall goal of achieving a longterm and sustainable approach to flood risk management. It is also based on the UN/ECE Guidelines
on Sustainable Flood Prevention15, and the EU Best Practices on Flood Prevention 16 which updates
the UN/ECE guidelines. The fundamental principles advocated are:
i)
ii)
iii)
iv)
v)

a shift from defensive action against hazards to management of the risk and living with
floods;
a river basin approach taking into account the Water Framework Directive;
joint action of government, municipalities and stakeholders towards flood risk management
and awareness raising;
reduction natural risks through natural retention, structural flood protection and hazard
reduction;
solidarity.

The ICPDR set basin-wide and sub-basin level targets on the basis of the above principles. The
primary targets are:
•
•
•
•

improvement of flood forecasting and warning systems;
support for preparation and co-ordination of sub-basin and basin-wide flood action plans;
creation of forums for exchange of expert knowledge;
recommendations for a common approach in assessment of flood-prone areas and
evaluation of flood risk.

The above targets are expanded upon in the Flood Action Programme document to provide an
overall framework that encompasses the requirements of integrated flood management as outlined
in the EU Floods Directive.
An important aspect of the ICPDR Flood Action Programme is the review process and evaluation of
lessons learnt from flood incidents. Reports on achievements are being produced every three years,
while lessons learnt are published periodically.
An important project contributing to flood risk management in the Danube Basin has been Danube
FLOODRISK. A key output of this has been flood hazard and flood risk mapping for the entire basin 17,
achieved through the following work packages:
i)
ii)
iii)
iv)
v)
vi)
vii)

Transnational project coordination and management.
Communications.
Harmonisation of data and methods.
Stakeholder involvement and end user integration.
Data collection and management.
Map production (hazard & risk).
Integration methods for risk management + planning.

A range of reports was produced through the project, that provide a useful resource for flood risk
mapping in other areas and basins.
The ICPDR has produced a report on the 2010 floods in the Danube Basin 18. The report presents a
description of the hydrometeorological conditions leading the floods, the impacts and damages, and
a summary of lessons learned. The ICPDR concluded that land use planning in floodplains is critical
in reducing flood damages, and highlighted the following as significant issues during the 2010 floods:
•

improper land use in floodplains;

15

http://www.unece.org/fileadmin/DAM/env/water/publications/documents/guidelinesfloode.pdf
http://www.kvvm.hu/szakmai/budapestinitiative/docs/EUBestPracticeFinalversion.pdf
17
http://www.danube-floodrisk.eu/
18
http://www.icpdr.org/main/issues/floods
16
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•
•
•
•
•
•
•

need for elimination of illegal structures in floodplains;
proper maintenance of structures in the floodplains to ensure their stability against flood
flows;
integration of flood management experience into urban and other development planning;
urbanisation of the floodplain areas along watercourses leading to a significant reduction in
space for free flow of high waters increasing flood risks;
extensive and unplanned deforestation in upper parts of river basins leading to significantly
increased outflow coefficient and thus to higher flood risks downstream;
planning works on torrential sectors of the basins (headwaters) should be given high
priority;
there is a need for an improved support by the local actors (municipalities, local authorities,
land owners, population) to implement flood protection measures.

Structural measures remain an important part of flood management, and maintenance needs were
highlighted as well as a need for harmonisation of design criteria. In terms of non-structural
measures it was concluded that further improvements in meteorological and hydrological
forecasting systems was required.

2.11 Experience in the United States
A very thorough history of the development of flood management in the United States, with
particular emphasis on institutions and governance has been produced by Galloway in a chapter in a
recent book entitled "Flood Risk Science and Management" edited by Pender and Faulkner
(Galloway, 2011). Construction of formal flood defences began in the USA in the early part of the
18th century along the banks of the Mississippi River at New Orleans, and along the shorelines of
colonial farms near the Deleware River estuary. The Mississippi River drains 41% of the USA, and has
been the focus of much attention for flood defence works. In the mid 19th century federal
legislation gave title to swamp lands to the states in which they were located, enabling the states to
drain these lands and them to sell new farmland to the public, with the sale providing funds for the
provision of flood defences. The construction of hard flood defences did not of course prevent
flooding and a series of significant historical floods in the Mississippi, led to formulation of various
commissions and further legislation that resulted in more federal responsibility for flood defence.
These are described by Galloway (Galloway, 2011).
Despite efforts to control floods with structural measures, flood damages continued to increase.
Average annual flood losses in the USA have been estimated to be US$ 6 billion (Galloway G. , 2004).
Significant flood damages occurred in the Mississippi basin in 1849, 1850, 1882, 1912, 1913, 1927,
1936, 1950, 1973, 1993, 2001 and 2008 (Galloway G. , 2004). Despite these recurrent floods, it is
estimated that the US$ 10 billion lower Mississippi flood control project has prevented over US$244
billion in damages.
During the 1960s there began a recognition that non-structural measures could play a role in
reducing flood damages. The National Flood Insurance Program (NFIP) was authorised by Congress
in 1968. Under the NFIP, any resident of a participating community can purchase flood insurance.
For a community to join the program, it has to agree to establish and enforce floodplain
management to restrict development in the floodplain below the 100 year flood level. The Federal
Emergency Management Agency (FEMA) manages the NFIP.
FEMA has required those whose home were damaged to more than 50% of their value relocate or
rebuild in compliance with floodplain by-laws. FEMA also seeks to voluntarily relocate homes that
are at most risk. Galloway (Galloway G. , 2004) reports that on average the NFIP is self-supporting,
but that only 20%-30% of those eligible for insurance participate in the program.
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The National Environmental Policy Act (NEPA) was introduced in 1970 providing for the protection of
natural resources including those in riverine areas. This has led to increased interest in nonstructural flood management and in protecting riverine ecosystems.
The US Army Corps of Engineers (USACE) has, following Hurricane Katrina in 2005, shifted its focus
from flood damage reduction to flood risk management. No explicit goal for floodplain management
has been expressed by the Congress or the US Army Corps of Engineers, and there has been no
action by the Congress in accepting and developing policies towards the concepts of integrated
water resources management (Galloway G. E., 2011). There is, however, a view amongst water
professionals about how flood risk management should develop. The Association of State Floodplain
Managers Foundation held a two day forum to discuss with US and UK flood management experts
their vision of a desirable state for the floodplains of 2050. The following was the consensus of
attendees, as reported by Galloway (Galloway G. E., 2011):
"Imaging the United States in 2050 ...... in spite of growing population and a changing climate, both
flood risk and land and water resources are being managed towards sustainable outcomes.
•
•

•
•
•
•
•
•
•

The nation views land and water as precious resources, and therefore protects the natural
and beneficial functions of floodplains, wetlands, and coastal areas.
Because naturally flood prone areas have been preserved - and restored where necessary - a
maximum amount of natural mitigation of flooding takes place continually. A wide network
of green infrastructure protects natural resources and functions and provides open space and
recreational opportunities.
Integrated water management is an accepted practice.
All new development is designed and built so that it has no adverse impact on flood levels,
sedimentation, erosion, riparian or coastal habitat, or other community-designated values.
The free market strongly favours sustainable development, so flood-prone construction
rarely occurs.
Private and public losses due to floods are indemnified through a government-backed but
private system of universal insurance coverage that encourages mitigation of damage,
Management of floodplains is funded through fees charged for development impacts, a
highway trust fund, or other secure sources.
Risk communication has become advanced enough that local decision-making is well
informed. Individuals and households understand both the risks and resources of natural
flooding processes.
Policy decisions about the use of land and water resources are based on sound data, science
and models."

Galloway (Galloway G. E., 2011) also reports that although the concept of IWRM is generally
accepted by water resources professionals, and watershed planning is a clear goal of most federal
and state water agencies, organisational structures at state and federal levels leads to agencies
generally operating independently of each other. There is no one agency at either federal or state
level that has responsibility for flood management.
Both FEMA and the USACE are shifting from flood damage reduction to flood risk management, and
there is recognition of the need for improved coordination within federal government and among
the federal, state and local governments. This is likely to take time, and clearly progress towards
IFM is not as advanced as in Europe. There are, however, examples of good practice described by
Larson and Plasencia (Larson, 2004), who present a "No Adverse Impact Approach". They define a
"no adverse impact floodplain" as:
"... one in which the action of one property owner or community does not adversely affect the flood
risks for other properties or communities as measured by increased flood stages, increased flood
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velocity, increased flows, or the increased potential for erosion and sedimentation, unless the impact
is mitigated as provided for in a community of watershed based plan."
This approach could be seen as forming part of an IFMP. Larson and Plasencia present a useful table
that summarises some of the adverse impacts of floodplain development and mitigation options.
This is reproduced below.
Table 2.3 Some adverse impacts of development on floodprone lands, remedy options to mitigate them,
and benefits/limitations of these options (Larson, 2004)

Adverse Contributing Condition
Impact
Increased Flood Stages
Floodplain encroachment
Increased flow due to development
(increased runoff from development
will lead to higher flood stages)

Increased Velocity
Floodplain encroachment
Increased flow due to development
(Increased flows translate into higher
velocities)

Increased
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Remedy

Comment

Master plan

Defines the level of allowable impact and
necessary mitigation
Implement no-rise floodway Effectively used in many states and localities
standard
Implement retention / Commonly used to maintain existing flow, but
detention standard
must manage volumes and peaks or downstream
flooding is increased
Construct regional storage Commonly used to maintain existing flow - must
facilities
also manage volumes and peaks to avoid flood
increases
Map to future-conditions Does not address flooding of existing uses in
hydrology
floodplain
Acquire land or flowage Provides compensation for those impacted
easements
downstream
Increased freeboard for Does not address flooding of existing uses in
constructed floors
floodplain
Channel or levee
Can move problem downstream
Master plan
Defines the level of allowable impact and
necessary mitigation
Manage
velocity
at Places requirement on those encroaching to match
upstream and downstream predevelopment velocities on adjacent properties
limits
Implement retention / Could be used to maintain pre-existing velocity
detention standard

Construct regional storage Could be used to maintain pre-existing velocity
facilities
Map to future-conditions Accepts that there will be increased velocities,
hydrology
provides an opportunity to protect new
development.
Does not address existing
development
Acquire land or flowage Provides compensation for those impacted by
easements
increased velocity
Channelization and levees
Design so that velocities at The impact to downstream properties is currently
upstream and downstream ignored in many flood control projects
limits are returned to preproject conditions.
Utilize a restoration and Provides structural flood protection while reducing
setback levee approach
adverse impacts to natural floodplain functions
Master plan
Defines the level of allowable impact and
Flows
necessary mitigation
Increased flow due to development
Implement retention / Can immediately address adverse impact on the
detention standard
site of origin. Must also address volumes and
peaks to avoid increasing downstream flooding
Construct regional storage Can be used to address existing problems. Must
facilities
also address volumes and peaks to avoid increasing
downstream flooding
Map to future-conditions Accepts that there will be increased velocities,
hydrology
provides an opportunity to protect new
development.
Does not address existing
development
Floodplain encroachment (loss of Implement no-rise standard Preserves floodplain storage that may be adversely
natural floodplain storage)
impacted by future encroachment, naturally
attenuates flood flows
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Adverse Contributing Condition
Impact
Erosion & Sedimentation
Channel migration

Channel downcutting

Remedy

Comment

Master plan:
Master
sediment transport analysis
and geomorphology study
Setbacks
Bank stabilization

Defines trends in erosion, the need for in-channel
stabilization, and the extent of lateral migration on
a system-wide basis
Avoids additional erosion on other properties
Can lead to instabilities in rest of floodplain
although effective in some locations
Best used in highly impacted streams with
significant infrastructure at risk
This method slows velocities and can lead to
reduced channel downcutting while allowing for
natural system restoration

Grade control structures
Meander restoration

2.12 Urban Flood Risk Management
World Bank has recently published "Cities and Flooding: A guide to Integrated Urban Flood Risk
Management for the 21st Century" (Ja, 2011) with funding provided through the Global Fund for
Disaster Reduction and Recovery (GFDRR). This is a very comprehensive report of some 630 pages.
The chapter headings are as follows:
1.
2.
3.
4.
5.
6.
7.

Understanding Flood Hazard
Understanding Flood Impacts
Integrated Flood Risk Management: Structural Measures
Integrated Flood Risk Management: Non-structural Measures
Evaluating Alternative Flood Risk Management Options: Tools for Decision Makers
Implementing Integrated Flood Risk Management
Conclusion: Promoting Integrated Flood Management

The guide follows the principles of integrated flood management, arguing "..for a strategic approach
to managing flood risk, in which appropriate measures are identified, assessed, selected and
integrated in a process that both involves and informs the full range of stakeholders".
The guide includes over 50 international case studies on management measures and procedures
that illustrate the key policy messages. The guide also includes detailed sections that address the
operational details of implementing some key flood risk management measures.
Urban flood risk is increasing as increasing numbers of people become city dwellers. Increased
concentration of population and assets in urban areas generally leads more costly impacts when
flooding does occur. The proportion of the global population living in urban areas is growing
significantly. In 2008, 50% of the global population lived in urban areas. This figure is estimated to
increase to 60% by 2030 and 70% by 2050 (Ja, 2011).
In many cities in developing countries, large scale urban expansion is occurring in the form of
unplanned floodplain development, and takes the form of dense and poor quality informal
settlement. These often lack any drainage infrastructure and are at high risk of flooding.
" In managing flood risk today, and in planning for the future, a balance must be struck between
common sense approaches that minimize impacts through better urban management and the
maintenance of existing flood mitigation infrastructure, and far-sighted approaches which anticipate
and defend against future flood hazard by building new flood mitigation infrastructure or by radically
reshaping the urban environment. The balance will be different for each city or town at risk. In
reaching decisions on the appropriate prioritization of flood management effort, an understanding of
both current and future flood risk is needed" (Ja, 2011).
The World Bank report addresses issues of risk and uncertainty, and the necessity for stakeholders
to understand both. Flood hazard mapping is of course central to this, but the uncertainty of future
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projections is large. The nature of future flood hazard may change as a result of climate change, or
more likely as a consequence of perhaps unpredictable future urban development. " The inevitable
conclusion is that the accuracy or precision of long- term flood risk forecasts will be low, and that
over-reliance on future probabilities is not appropriate. It is equally apparent that better planned and
managed urban development can mitigate the expected growth in future flood risk" (Ja, 2011).
There will be a need for more adaptive flood risk management in future.
An integrated approach to urban flood risk management is expected to include a combination of
structural and non-structural measures, recognising that structural measures may often move a
problem elsewhere. Ja et. al (Ja, 2011) categorise non-structural flood mitigation measures under
four main purposes:
•
•
•
•

"Emergency planning and management including warning and evacuation as, for example, in
local flood warning systems in the Philippines and in the Lai Nullah Basin, Pakistan.
Increased preparedness via awareness campaigns as demonstrated in Mozambique and
Afghanistan. Preparedness includes flood risk reducing urban management procedures such
as keeping drains clear through better waste management.
Flood avoidance via land use planning as seen in the German Flood Act and planning
regulations in England and Wales. Land use planning contributes both to mitigation of and
adaptation to urban floods.
Speeding up recovery and using recovery to increase resilience by improving building design
and construction – so-called “building back better.” Planning the resilient reconstruction of a
damaged village has been seen, for example, in the tsunami-damaged village of Xaafuun,
Somalia. Appropriate risk financing such as flood insurance, where it is available, or using
donor and government sources of funding assists in quick recovery".

A key message is that integrated urban flood risk management should be carried out through a
participatory process that involves all stakeholders, and including those at risk or directly affected by
flooding. Integrated urban flood risk management must be a part of urban planning and can be a
part of urban regeneration or climate change adaptation.
Implementation of integrated urban flood risk management can be difficult, particularly where the
interests of stakeholders vary and may be opposed. There requires to be greater coordination
between all levels of government, public sector companies, the private sector, planning bodies, nongovernment organisations (NGOs), educational and research centre, and civil society. Understanding
their capacities and how they might choose to use limited resources is important, and risk
management has to recognise other objectives in economic development. The cost of reducing risk
may exceed the benefits in doing so.
When selecting flood management measures, investment priorities would generally be on the most
urgent needs with the most effective solutions that perform well under a range of future scenarios.
These would be "no regret" approaches. Ja et. al (Ja, 2011) present an interesting figure relating the
robustness of alternative measures to their benefits. This is reproduced in Figure 2.7. Nonstructural measures tend to be more flexible than structural measures, unless the latter are
designed with future adaptation in mind.
Ja et. al (Ja, 2011) recognise that establishing institutional arrangements that are effective in
delivering urban flood risk management measures are essential for success, requiring a sound policy
framework that encourages integrated and coordinated flood risk management.
The overall process of integrated urban flood risk management has been summarised in five steps by
Ja et. al (Ja, 2011), as shown in Figure 2.8.
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Figure 2.7 Relative costs and benefits of flood management options Source: (Ja, 2011) adapted from
Ranger and Garbett-Shields 2011

Figure 2.8 The integrated urban flood risk management process. Source: (Ja, 2011)

Twelve key principles were identified by Ja et. al (Ja, 2011) for integrated flood risk management.
These are listed and below.
1. Every flood risk scenario is different: there is no flood management blueprint.
2. Designs for flood management must be able to cope with a changing and uncertain future.
3. Rapid urbanization requires the integration of flood risk management into regular urban
planning and governance.
4. An integrated strategy requires the use of both structural and non-structural measures and
good metrics for “getting the balance right”.
5. Heavily engineered structural measures can transfer risk upstream and downstream.
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6. It is impossible to entirely eliminate the risk from flooding.
7. Many flood management measures have multiple co-benefits over and above their flood
management role.
8. It is important to consider the wider social and ecological consequences of flood
management spending.
9. Clarity of responsibility for constructing and running flood risk programs is critical.
10. Implementing flood risk management measures requires multi-stakeholder cooperation.
11. Continuous communication to raise awareness and reinforce preparedness is necessary.
12. Plan to recover quickly after flooding and use the recovery to build capacity.

2.13 Recent Research Activity
2.13.1 Introduction
Serious flooding in Europe and the UK in the past 15 years has lead to two notable flood risk
management research projects: FLOODsite 19 funded by the EU under the Sixth Framework
Programme, and the Flood Risk Management Research Consortium 20 (FRMRC) in the UK. These
research activities have added significantly to understanding of flood risk management in the
European context. The following sections provide brief reviews.

2.13.2 FLOODsite
The main findings of the FLOODsite project are outlined in an introductory report produced in 2009
(FLOODsite, 2009). The FLOODsite project had as objectives to guidance on the conceptual
approach and methodologies required to analyse and assess flood risks, and guidance on how to
manage flood risk and manage flood events. The 2009 report is supported by a series of detailed
task reports that can be accessed from the FLOODsite website. The 2009 report provides guidance
on implementation of the EC Directive on Floods (EC, 2007) in an easily read manner. Concepts are
outlined, means of measuring risk and damages, and assessment of failures.
Key research advances of FLOODsite are summarised in the following paragraphs.
Developing the Language of Flood Risk. A flood risk management dictionary was prepared called
the "Language of Flood Risk". The purpose of this was to remove the ambiguities that exist in many
terms commonly used in flood risk management, and to improve communication between those
involved in flood risk management. In the Indian context where there has to be communication
between central government, states, districts, and various departments at all levels of government technical and non-technical, the FLOODsite dictionary (FLOODSite, 2005) would provide a useful
starting point.
The Analysis of Flood Extremes. This was statistically based research that focussed on coastal
flooding and considered probability distribution functions of water levels, waves and storm surges,
that jointly determine flood hazard. Probability distribution functions of flood extremes were
related to climate change and human responses for sample locations. Improved single and joint
probability density functions were defined (Sanchez-Arcilla, 2008). There could be aspects of this
research that are relevant to coastal areas of India.
Understanding the failure of flood defences. This research was focussed on identifying the most
likely failure mechanisms for different types of structures, and on how to calculate the probability of
failure. This research clearly has relevance for prioritising maintenance of flood management
structures. The tools were developed on the basis of experimental studies in Germany, the UK and
the Netherlands. The research confirmed that previous understanding of failure mechanisms was
19
20

http://www.floodsite.net/
http://www.floodrisk.org.uk/
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inadequate (Stanczak, 2006). The research appears to have been focussed primarily on sea defences
and wave overtopping, but aspects would certainly be relevant to river embankments. Embankment
failures are an issue in India and improved approaches to assessing failure risk and maintenance
needs should be a priority.
Micro-scale urban flood hazard mapping. This research was focussed on flash flooding in urban
areas where large flood depths and high velocities can result in very dangerous conditions. The
research indicated that two dimensional modelling can assist in urban planning under these
circumstances. A pilot study was based on the city of Nice in the south of France. The main
conclusion was that 2D hydrodynamic modelling can be used to develop micro-scale hazard maps
that can aid planning decisions in urban areas.
Risk perception and social resilience: cross-country comparisons. This research was based in
Germany, Italy and the UK. The research focussed particularly on social vulnerability and social
resilience in relation to floods, and social understandings of flood risk. Perhaps not surprisingly it
was found that the following groups required the most targeted support with regard to
preparedness and post flood recovery (De Marchi, 2007):
•
•
•
•
•
•
•
•
•

those with no previous flood experience;
those who have recently moved to an area;
those with lower social status;
those living alone without disposing of a social network outside their home;
households with long term ill or disabled members;
those living in vulnerable housing;
older, in particular very old people;
women or those with greater domestic and caring responsibilities; and
those renting properties.

Determining local perceptions of risk is clearly important in targeting public awareness. The study
highlighted the need for public participation in flood management and planning. Approaches
outlined could be adapted for use in India.
Empirical and mathematic models for assessing loss of life. The study attempted to develop
empirical relationships between the number of fatalities and flood hazard and vulnerability.
However, it was found that there were insufficient data on which to calibrate models. A more
sophisticated semi-quantitative model was developed that permitted areas in which risk to life was
greatest to be identified. Low medium and high risks could be identified, taking account of factors
such as evacuation planning and flood warning (Tapsell, 2009). This element of FLOODsite also
considered the Life Safety Model (LSM). This produced credible results when applied to the Canvey
Island flooding in the UK of 1953 (Lumbroso, 2009). This research could assist in evacuation planning
and indeed in communicating risk to the public. The potential application in India should be
considered.
Exploring flood risk management under global change. Under Task 14 of FLOODsite, guidelines
were prepared for developing scenarios through which strategic alternatives could be developed
that would perform well over a range of different possible futures. Following a review of methods of
scenario development and use, and of methods of designing strategies and of criteria to assess their
suitability, a methodological framework was developed and trialed in three case studies. The trials
were considered to be successful, adding value to the planning process by:
•
•
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showing that the performance of strategies differs with scenarios;
showing that strategies can perform well in one scenario but lead to large regrets in others;
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•

showing that there can be strategic alternatives that can perform reasonably across
scenarios with some adaptation to evolving conditions.

Two publications provide more detail about the methodology (De Bruijn, 2009) (Klijn, 2007). There
could again be potential application in India.
Improving flash-flood warning. Under Task 15 of FLOODsite, methodologies for measuring rainfall
from radar images were improved, and under Task 16 guidance was developed on flood forecasting
methodologies in flash flood situations - rainfall-runoff modelling or precipitation threshold
methods. A review was undertaken of flash-flood forecasting and warning methods, and
improvements developed. One approach called Flash Flood Guidance (FFG) was found to perform
well. The outputs of these two tasks could have potential in application on the northern tributaries
of the Ganges in India using weather radar at Patna.
Uncertainty analysis. Many uncertainties are involved in flood hazard and risk analysis, and under
Task 20 of FLOODsite, a structured approach to uncertainty analysis was developed. A model was
also developed with which parameters contributing most to uncertainty could be identified. The
approach is quantitative as far as is possible. The software system developed (Reframe) is intended
to make uncertainty analysis a more routine process in flood risk management decision making. In
addition to the task report there is a journal publication (Hall, 2008).

2.13.3 FRMRC
The FRMRC was established in the UK in 2004. As a part of the research programme, improved tools
have been developed for flood forecasting and warning, management of flood infrastructure,
reducing flood risk to people, property and the environment. The research programme provides
underpinning science for long term flood risk management. Some 14 technical reports aimed at
professions in the flood risk management area were produced and are accessible through the FRMC
web sites. In combination with the FLOODsite outputs, the FRMRC provides an excellent resource
for planners. Topics covered include:
• land use management;
• real time flood forecasting;
• infrastructure;
• stakeholders and policy;
• urban flood management;
• risk and uncertainty;
• geomorphology, sediments and habitats;
• coastal flooding;
• inundation modelling.
The research outputs have been brought together in a book (Pender, 2011) that provides a detailed
account of the current state-of-the-art in most areas of flood risk management. While many aspects
of the research findings could be of value in an Indian context, the work on infrastructure and
improved approaches to condition assessment could be of particular value.

2.13.4 IWMI
The International Water Management Institute (IWMI 21) has recently been compiling a catalogue
and preparing mapping of flooding hotspots in Asia. This gives a useful overview of flood hazards in
the region.
21

http://www.iwmi.cgiar.org/
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3

Floods and Flood Management in India

3.1 Introduction
As a result of the hydrological characteristics and physiographic features of river basins in India,
almost all rivers have reaches that experience flooding at some time. The Planning Commission
(Planning Commission, 2011) have estimated that about 49.815 million hectare of land is flood
prone, and provide details of how this is distributed state-wise. On average (1953-2012) it has been
estimated that 7.23 million hectares are affected by floods annually. The maximum area affected in
any one year has been reported as 17.50 million hectare in 1978 (CWC records). On average, a
population of 32.43 million is affected by flood annually and the maximum number of people
affected by flood in any one year was 70.45 million in 1978. The data from the year 1953 to 2011
indicate that on an average 1,653 human lives are lost every year due to floods. In terms of damage
to crops, about 3.79 million hectares of cropped land is damaged by floods annually. During 2005,
crops on 12.30 million hectares were damaged by floods. On average about 96,590 head of cattle
perish due to floods annually, with a maximum loss of 618,248 cattle during 1979. The worst form of
misery due to flood is the loss of human life.
A statement summary of flood impacts in India in terms of area affected, population affected,
damage to crops, heads of cattle lost, loss of human life and damage to public utilities is given in
Appendix B. Full details (year-wise and State-wise) are available with the Central Water Commission.

3.2 History of Flood Management In India
3.2.1 Early Efforts in Flood Management
Several early flood management measures in the form of Zamindari bundhs (embankments) that
were undertaken by the State Governments as well the Government of India are still in place. These
works were primarily for the protection of irrigated areas in particular reaches. However, prior to
1954 these works were not extensive, although several studies / inquiry committee reports were
prepared prior to 1954. These reports provide valuable insights to the flood and flood management
issues that existed, particularly in respect of specific regions. Some of the important reports are
identified below.
i) As early as 1872, there was a general enquiry by Mr. Rehand regarding flood in Orissa.
ii) The Orissa Flood Enquiry Committee of 1928 was presided over by well-known Chief
Engineer of Bengal, Mr. Adams Williams.
iii) In 1937, the enquiry was entrusted to Shri M. Visvesvarayya, who submitted two reports –
one in 1937 and another in 1939.
iv) The Damodar Valley has been ravaged frequently by floods of varying intensities. The first of
the major recorded floods dates back to 1730. Thereafter serious floods occurred at regular
intervals, but it was the flood of 1943 that left the worst devastation. As a result, the
Governor of Bengal appointed a Board of Inquiry headed by the Maharaja of Burdwan and
the noted physicist Dr. Meghnad Saha as member.
v) A comprehensive report titled “A Comprehensive Treatise on North Bihar Flood Problems –
being a description of the system and their behaviours and tendencies with suggestions for
flood mitigation”, prepared by Rai Bahadur P. C. Ghosh, was published by the Government
of Bihar in 1942.
vi) The Government of India appointed Mr. W.L. Voorduin, a senior engineer of the Tennessee
Valley Authority (TVA) to make recommendations for comprehensive development of the
Damodar valley. Accordingly, in August, 1944, Mr. Voorduin submitted his "Preliminary
Memorandum on the Unified Development of the Damodar River”. Mr. Voorduin’s
"Preliminary Memorandum" suggested a multipurpose development plan designed for

July 2013

Page 31

Interim Report PATA 8089, Phase 1

achieving flood control, irrigation, power generation and navigation in the Damodar Valley.
Four consultants appointed by the Government of India examined it.
Clearly the serious issues related to floods have drawn the attention of Governments from time to
time and have been examined. It is also clear that there was good understanding of the issues and
that this was conveyed well to political leaders. For example, two extracts from Dr. B. R. Ambedkar’s
Presidential Address at the Cuttack Conference held on November 8, 1945 are reproduced below.
“To say that water problem of Orissa was of flood is both oversimplification and
understatement of the problem. I see the problem in somewhat different light. When
I think of Orissa, the picture that comes to my mind is that of people subject not to
one affliction, but many.
One such affliction, which is on the lips of everybody, is constant exposure of her
people to floods which cause damage to life and property and, in a great sense,
insecurity. This affliction is due, not merely to floods, but also to droughts and
famines. Damage by droughts and famines can be as great as that caused by floods.
It is said that in the drought of 1866, nearly 40 per cent of the population of Puri
district perished.”
“Given the resources, why has Orissa continued to be so poor, so backward and so
wretched a province? The only answer I can give is that Orissa has not found the best
method of utilizing her water wealth. Much effort has undoubtedly been spent in
inquiring into the question of floods. As early as 1872, there was a general enquiry by
Mr. Rehand, I do not know what happened to his report. Nothing seems to have been
done thereafter till 1928. From that year down to 1945, there have been a series of
committees appointed to tackle this problem.
The Orissa Flood Enquiry Committee of 1928 was presided over by well-known Chief
Engineer of Bengal, Mr. Adams Williams. In 1937, the enquiry was entrusted in the
able hands of Sh. M. Visvesvarayya, who submitted two reports – one in 1937 and
another in 1939. His work was followed by the Orissa Flood Advisory Committee.
The Committee submitted a preliminary report in 1938 and continued its works till
1942, during which period it submitted three interim reports. The latest effort in that
direction was made as recently as March 15, 1945, when a Flood Conference was
convened at Cuttack by the Government of Orissa.
With all respect to the members of these committees, I am sorry to say that they did
not bring the right approach to bear on the problem. They were influenced by the
idea that water in excessive quantity was an evil, that when water comes in
excessive quantity, what needs to be done is to let it run into the sea in an orderly
flow. Both these views are now regarded as great misconceptions, as positively
dangerous from the point of view of the good of the people.
It is wrong to think water in excessive quantity is an evil. Water can never be so
excessive to be an evil. Man suffers more from lack of water than from excess of it.
The trouble is that nature is not only niggardly in the amount of water it gives, it is
also erratic in its distribution – alternating between drought and storm. Water being
the wealth of the people and its distribution being uncertain, correct approach is not
to complain against nature but to conserve water.”
The indication is that there was recognition that the issues should be addressed in a comprehensive
and integrated manner with due consideration given to social issues also.
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3.2.2 Post 1954 Flood Management Initiatives
The severe floods of 1954 attracted the attention of the public and of the Parliament and brought
into sharp focus the inadequacy of the measures taken to protect against floods till that time. Since
1954, the Government of India and the respective State Governments have appointed a number of
committees to study and advise on policy matters for speedy implementation of flood control /
protection programmes and also to examine broader aspects of the flood problems. The following is
a list of committees / commissions constituted prior to 1976:
Table 3.1 List of committes examining flood problems prior to 1976

Type of Committee
Committees appointed by
the Government of India to
deal with general flood
problems in the country

Committees appointed by
the Government of India to
deal with specific problems

Committees appointed by
the State Governments to
deal
with
particular
problems in the State

Title
High Level Committee on Floods
Minister’s Committee on Flood Control
Minister’s Committee on Floods and Flood Relief

Year
1957
1964
1970

Expert Committee on Flood problems of Coastal Districts of Andhra
Pradesh
Committee on Flood Control in the Adhwara Group of Rivers in North
Bihar
North Bihar Drainage Committee
Committee on Scientific Flood Forecasting in the country
Study of Scientific Assessment of Flood Damage by National Council of
Applied Economic Research
Study of Erosion Problem on the Brahmaputra
Subarnarekha Committee
Gandak High Level Committee
Technical Expert Committee on Floods in North Bengal
Committee on Flood Control and Drainage in Lower Damodar
Bhagvati Committee on Embankment and Drainage by Government of
Assam
Kosi Technical Committee by Government of Bihar
Orissa Flood Enquiry Committee by Government of Orissa
Technical Expert Committee on Cyclone and Tidal Floods by
Government of Orissa
West Bengal Flood Enquiry Committee by Government of West Bengal
High Level Committee on Patna Floods by Government of Bihar

1964
1964
1965
1963
1964
1964
1972
1971
1968
1957
1965
1959
1971
1959
1975

In 1976 the Rashtriya Barh Ayog (National Flood Commission) was set up, to examine the complex
issues related to flood and flood management in India. Rashtriya Barh Ayog, under the chairmanship
of Shri Jaisukhlal Hathi (who was Governor of Punjab during most of the period of functioning of
Rashtriya Barh Ayog), comprised two experts in the area of flood control, an economist, an
agronomist, representatives of Central Water Commission, Ganga Flood Control Commission &
Brahmaputra Flood Control Commission as members and one Member Secretary. Their detailed
report was submitted in March 1980. During the course of examination of the issues, Rashtriya Barh
Ayog also considered the recommendations of all earlier Committees / Commissions as outlined
above. The report of the Rashtriya Barh Ayog includes the terms of reference of these earlier
committees and also important observations and recommendations made by them. The Rashtriya
Barh Ayog report is a seminal document in which many key components of an integrated flood
management approach are identified.
There have been further committees constituted by the Government of India post Rashtriya Barh
Ayog to examine specific flood related issues. Some of the more important committees were:
i) Committee on Flood Management in the States of Bihar, West Bengal, Uttar Pradesh and
Orissa (1987).
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ii) Task Force on Flood Management of Eastern Region States of Uttar Pradesh, Bihar, West
Bengal, Orissa and Sikkim (1996).
iii) Task Force on Flood Management / Erosion Control (2004).
The reports of the various Committees are generally available with Central Water Commission or the
respective State Governments.

3.2.3 Achievements in Flood Management
Implementation of various measures related to flood management has so far resulted in completion
of about 35,200 km of flood embankment and 38,810 km of drainage channels. A number
multipurpose reservoirs with provision for flood control have also been completed, including:
i) Hirakud on the Mahanadi river (Odissa);
ii) Maithon on the Barakar river (Jharkhand);
iii) Panchet Hill on Damodar river (Jharkhand and West Bengal);
iv) Ukai on Tapi river (Gujerat);
v) Idduki on Periyar river (Tamil Nadu and Kerala).
Structural flood management measures completed to date have helped in providing flood defence
to about 18.22 million hectares of flood prone area in the country. Further flood mitigation works in
respect of 2458 towns / important villages have also been completed. In addition, flood proofing
measures for 4716 villages have been completed through raising of villages and / or appropriate
flood mitigation measures. Construction of 58 raised platforms for use by people and livestock
during flood has also been completed.
A very important non-structural activity has been the establishment of a flood forecasting network.
Figure 3.1 shows the distribution of stations in the CWC flood forecasting network. CWC operates
and maintains 175 flood forecasting stations (including 28 reservoir inflow forecasting stations and
147 water level forecasting stations). These forecasting stations cover almost all the major rivers
passing through the 17 States / Union Territories.

Figure 3.1 The CWC flood forecasting network (source: India.WRIS)
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Detailed information about the achievements in flood management are included in various reports
of Ministry of Water Resources and Central Water Commission and particularly in the report of the
“Working Group on Flood Management and Region Specific Issues for XII Plan” set up by the
Planning Commission.
Several projects related to watershed management have also been implemented under different
schemes of Government of India or of State Governments. These were not initiated specifically for
flood management. A number of projects have also been taken up and some completed which
include very active community participation components.

3.3 Critiques of Flood Management Initiatives
Despite serious efforts by the Government of India and by respective State Governments, there have
been numerous criticisms, mostly related to Government policies and about the focus on structural
measures. A review of some of the criticisms is given below.
In his book titled “Towards Water Wisdom – Limits, Justice, Harmony”, (Iyer, 2007) has criticized the
structural measures:
“Floods loom large in the thinking of both India and Bangladesh. Despite, some
disenchantment with structural measures for flood moderation, the ‘flood control’
philosophy still continues to be influential in official thinking in both countries. The
FAP is no doubt in some disrepute in Bangladesh, but mainstream opinion in that
country is not wholly negative about embankments. Similarly, the weaknesses and
failures of embankments are recognized in India, but official thinking still considers
them necessary.”
Similarly in his book “Water – Perspective, Issues, Concerns” (Iyer, 2004), he discusses the absence
of proper policy:
“This is another area of an absence of policy and strategy, though the NWP 1987 had
something to say on the subject, and before that, in the 1970s, there was an
elaborate Report by National Flood Commission or Rashtriya Barh Ayog (RBA). The
numerous recommendations of the RBA remain largely unimplemented.
Governments have tended to react spasmodically whenever floods occurred in
disastrous form.”
However, Iyer (Iyer, 2004) has not mentioned the provisions in the National Water Policy 2002 and
or the various programmes of the Government which inter-alia include the operation of a flood
forecasting network and the initiative taken in respect of disaster preparedness through the National
Disaster Management Authority (NDMA) and the State Disaster Management Authorities (SDMAs).
Iyer (Iyer, 2004) has is very critical of the efficacy of the reservoirs and embankments as may be
noted from following:
“Further, while the dams may moderate flood flows to some extent under normal
conditions, they may aggravate the position if (in the absence of a flood cushion)
water has to be suddenly released in the interest of the safety of the structure. As for
embankments, they have to be repeatedly rebuilt at great cost; they may fail in the
event of a major flood and cause greater difficulties; by jacketing the river and
preventing it from spreading they may create new problems further down; by
blocking drainage from the adjoining areas into the river they often lead to water
logging and ‘man-made flood’ in the ‘protected’ villages, and they deprive farmers of
the benefit of the deposit of silt by receding floods. Thus embankments have often
proved a remedy worse than the disease, and there is powerful people’s movement
in Bihar against them. On the other hand, while flood-moderation has been very
modest, the extent of suffering, damage and economic loss caused by floods and the
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magnitude of government expenditure on ‘relief’ has been growing because of a
number of factors.
It is increasingly recognized that what we must learn to do is not so much to ‘control’
floods as to cope with them when they occur and minimize damage, partly through
‘flood plain zoning’ (i.e., regulation of settlement and activity in the natural flood
plains of rivers) and partly through ‘disaster preparedness’. Unfortunately, ‘flood
plain zoning’ has been found politically difficult. As for ‘disaster preparedness’, the
most important element in this is timely knowledge. Government, local bodies and
people need to know how soon a flood is likely to arrive, and what its magnitude is
likely to be. They can then take appropriate measures for the prevention or
minimization of hardship, loss and damage, and for relief where necessary.
Unfortunately, again, while there has been much talk of ‘flood management’ and
‘disaster preparedness’, very little has in fact been done.”
The World Bank report “India’s Water Economy Bracing for a Turbulent Future” (World Bank, 2005)
is also critical of the Government actions in respect of flood management. The report states that:
“India is rapidly approaching the end of an era in which society could ‘get by’ despite
the fact that government (a) has performed poorly where it has engaged (in service
delivery), and (b) has abandoned major areas where government engagement is
critical (such as groundwater management, conflict resolution, establishing and
managing water entitlements, and the financing of public goods such as flood control
and wastewater treatment)”.
Similarly, the World Bank report is also critical of the public system in the water sector. The report
states:
“India faces this challenge with many assets and some liabilities. The assets include
citizens, communities, and a private sector who have shown immense ingenuity and
creativity, attributes which are critical for the new era of water management. The
major liability is a public water sector which rests on the laurels of an admirable
past, but is not equipped to deal with the central tasks which only the government
can – developing an enabling legal and regulatory framework; putting into place
entitlement and pricing practices which will provide incentives for efficient,
sustainable, and flexible use of water; forming partnerships with communities for
participatory management of rivers and aquifers; providing transparent information
for use in managing and monitoring the re-source and services; stimulating
competition among providers through benchmarking and the entry of private sector
and cooperative providers; regulating both the resource and services; and financing
true public goods, such as flood control and wastewater treatment.”
However, the report also stresses the need for major investment in water infrastructures:
“Especially in the water-rich northeast of the country, water can be transformed
from a curse to a blessing only if major investments are made in water infrastructure
(in conjunction with ‘soft’ adaptive measures for living more intelligently with
floods). Recognizing this, the Prime Minister has recently called for the establishment
of ‘a TVA (Tennessee Valley Authority) for the Brahmaputra’, which would combine
major water infrastructure with modern management approaches to make water a
stimulus for growth.”
Although in the form of highlighting the ground realities in respect of flood management, The XII
Plan Document also presents a critique of existing approaches to flood management in the country
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by highlighting some of the ground realities. The following are relevant extracts from the XII Plan
Document:
“The central focus has been on engineering / structural solutions. Apart from the
massive investments in large dams, India has already constructed over 35,000 km of
embankments. But these are rapidly reaching their limits. Recent studies show, for
example, that the existing storage infrastructure in Peninsular rivers is mostly
designed to smooth out the southwest monsoon flows in, say, 9 out of 10 years.
There may still be the 1 in 10 year flood, for which, however, there is no economic
justification to invest in substantial additional infrastructure.”
“Tributaries at risk are already fully embanked, and floods have occurred not
because water has flown over the embankments, but because embankments have
been repeatedly breached as a result of poor maintenance (e.g., Kosi in Bihar) or
inappropriate dam management (for example, Hirakud in Orissa).”
“Evidence from floods in the Ghaggar river basin, both in 1993 and 2010, clearly
shows the damage caused in Punjab and Haryana by breaches in embankments and
unused, poorly designed and maintained canals, as also because settlements have
been encouraged on flood plains and drainage lines. In 2008, a breach in an
upstream embankment of the Kosi led to the nearly thousand deaths and the
displacement of around 3.35 million people. In North Bihar, despite the continued
construction of embankments, the flood-prone area has increased 200 per cent since
independence, at times because embankments end up obstructing natural drainages
and impede the natural building up of river deltas and flood plains.”

3.4 Critiques in Perspective: an Introduction to the Rashtrya Barh Ayog
It is a fact that despite the implementation of considerable flood control measures and several
related initiatives, reported flood damages in India are increasing year on year. However, this is not
necessarily a reflection of the efficacy or otherwise of recent flood management. The flood related
issues are complex and many factors, particularly economic and social factors, need to be
understood in proper perspective.
None of the issues highlighted by critics of flood management in India are new. These are amongst
issues considered by the various committees that have reviewed flood problems in India and made
recommendations for improved flood management. However, there have been impediments to the
implementation of measures that would address some of the identified issues.
Interestingly, the inaugural speech of the Union Minister of Agriculture and Irrigation, at the time of
Inauguration of Rashtrya Barh Ayog on 4th December 1976 addresses flood management issues in
detail. In the opening statement, the Minister referred to the criticism of flood control measures
undertaken and elaborated the factual position:
“The Chairman has already given some background of the formation of the
Commission. He has referred to the criticism in various quarters about the adequacy
and the efficacy of the flood control measures that have been taken so far.
There is no doubt that the reported figures of the damage caused by the floods have
shown a substantial increase in recent years over the estimated damage in the
earlier periods. Until about 10 years ago, the average annual damage from floods
was estimated to be between Rs 100 and Rs 125 crores. This went up substantially in
1971 floods and the pattern of increasing damage has been maintained since then.
This will lead any person straightaway to the conclusion that the measures taken for
the protection of floods have failed to meet the situation. On the contrary their
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magnitude is increasing. There is little evidence, however, to show that the
magnitude of the flood is increasing significantly since the fifties and the sixties. Yet
the average annual damage today is Rs 180 crores. Partly this may be due to the fact
that there is better reporting and estimation of the losses. It is also due to the much
higher value of the property, including value of the agricultural crops, which are
damaged. In fact areas which were flood prone and which have since become
protected, have shown considerable development, even some degree of
urbanisation. Even if we do not take into account the tendency of the States to report
higher damage figures, as stated by the Sixth Finance Commission, there seems to be
no doubt that the increased damage from floods does not necessarily means an
increased magnitude of floods.
I am mentioning this because there is tendency sometimes in our country to play
down every good work that has been done. The Kosi Flood Control Scheme for
instance, has certainly helped in checking the movement of the river westward and
provided better protection to an area of nearly 2.5 lakh hectares which used to be
ravaged by floods. Large-scale economic development has come up in this area.
Some benefits have also come to the area downstream of the Damodar Valley Dams
which have helped to moderate the intensity of the floods in the lower valleys.
Similarly storage reservoirs such as Hirakud, Ukai, Bhakra, Beas, Chambal dams and
Nagarjunasagar have either protected some areas from floods or have reduced their
intensity considerably.”
The Minister emphasized the need for proper assessment of the benefits from protection measures:
“Another point to be remembered is that all the measurement of benefits of the
flood protection measures in certain areas has so far been only in qualitative terms.
There has been no quantitative evaluation of these benefits so far.
In the absence of such evaluation, it becomes difficult to determine the cost-benefit
ratio of flood control schemes and there will continue to be controversies about the
correct priority which should be given to these schemes in the development plans.
Such evaluation should take into account direct and indirect benefits including the
introduction of multiple cropping and improvements in agriculture. It should also
take into consideration the widely held view that flood protection works deprive the
protected areas of the benefits of silts which gets deposited on the soil during floods.
If this view is correct then the losses resulting from it should be set off against the
benefits.”
Fully realizing the complexities associated with floods and flood management issues, the Minster
wondered “whether it will be possible at all to establish a benefit-cost ratio which could be
completely scientific”. But he desired that “studies should be initiated so that we can get adequate
data”.
“I have dealt at some length with this matter because flood damage is what the
people are rightly concerned about and so much with scientific calculations of
magnitude.”
In his address, the Minister, also referred to the concept of ‘living with flood’ – a concept very often
prescribed as solution to flood problems:
“There was a time when we could live with floods. Now, our population has
increased and new areas – some of them flood prone have to be developed not
merely to accommodate the increasing population but also to realize their special
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economic potential which can become possible only if those areas are protected
against floods.”
The seriousness of the flood problems in the country was emphasised by the Minister and he
emphasized the need for evolving most appropriate strategies and adopting holistic approach:
“The problem of floods is tremendous in our country. Therefore, I felt that it is
absolutely necessary that there should be a complete review in depth of the flood
control measures already undertaken or those which we have envisaged so that we
are able to evolve the most appropriate strategy for tackling the problem not only in
short term but also in the long term perspective.
The problem is a complex one involving not only huge costs but also social and
environmental considerations. Since we are a monsoon country, most of our rainfall
is received in three or four months and most of that, again, is concentrated in few
weeks. I am told that our rivers have to carry as much 85 to 90 percent of monsoon
flows along with huge quantities of silt. At the same time, we experience shortages
of water in other seasons. The problem of controlling floods during the monsoon,
therefore, is very much linked with the problem of storage of water which comes
during the monsoon. In that way we can not only control the floods but also make
more water from storage reservoirs available during the rest of the season. Nature
itself provides some storage which is mostly underground. On the other hand we can
also build huge reservoirs as we have done already. Perhaps technology can also be
used to increase the flow of water into the natural underground storages.
I am mentioning this only to bring out that since our problem of flood is mainly that
of the monsoon season, its solution is intrinsically linked with the problem of
optimum development of water resources for multiple uses.”
Referring to the limitations and deficiencies of short term measures and also their efficacy in
emergent situations, he emphasized the need for better understanding of the issues:
“Coming to the short term measures, these are often on the spur of the moment or
without proper scientific studies and without regard to technical opinion. I do
appreciate that sometimes it becomes necessary under pressure to do something
quickly even when greater thought and deliberation is required. But I would suggest
that thought and deliberation need not necessarily take too long. We have in our
country a large number of embankments set up under the Zamindari system which
are technically not very perfect in all cases. This is specially so in Northern Bihar and
Eastern U.P. But there is absolutely no justification for the kind of haphazard
embankments that we are setting up under the test relief work programme. These
have created a number of problems. We must assess the utility of these
embankments and wherever required improve them. In any case, they must be
integrated into the overall flood control plan for the area. I have been equally
disturbed over the lack of proper maintenance of the existing flood control works and
the failure to strengthen them in the light of experience. One must not forget that
wherever any area is protected by floods, a rapid economic growth including
infrastructural growth takes place. If maintenance and improvement are ignored, the
damage as a result of floods is much more than in the earlier years.”
He also referred to the financial issues and particularly availability of inadequate funds for
maintenance and suggested measures for overcoming the problems.
“State Governments often give the reason of paucity of funds for inadequate
maintenance. Yet one finds new protection works being taken up. There is really no
reason why the completed works should not be maintained efficiently. I would
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suggest that the Commission examine the aspect of maintenance and improvement
as an integral part of the planning of flood control measures.
It will not be out of place to draw attention to some aspects which are likely to
generate resources. While on the one hand, complaints are made of paucity of funds,
no attempts are made to raise resources through well tried method of betterment
charges in the protected areas. I agree that the areas which receive the floods
frequently are poor areas and it may not be possible for the people to start paying
betterment charges as soon as a flood protection work is completed. However, there
is no reason why this state of affair should be allowed to continue indefinitely. But it
is not only poor who benefit from flood protection. Industries come up, many other
business also develop in these areas. Surely, it should be possible for the people to
contribute to flood control works. The burden should be equitably distributed.
Perhaps, the betterment charges may be graded according to the capacity of the
beneficiaries to pay.”
He also highlighted the importance measures like flood plain zoning and emphasized urgent need for
strict regulation of the use of flood plains.
“It is also noticed that some of the State Governments do not take adequate
measures to stop encroachment in the flood plains of the rivers. This is absolutely
imperative. Otherwise it may lead to serious problems in the planning and
maintenance of flood protection works. I would suggest that there should be strict
regulation of the use of flood plains from now onwards.”
The Minister mentioned about the specific problems of Ganga and Brahmaputra basins and
suggested detailed studies of embankment systems in these basins.
“Our biggest problem is in the Ganga and Brahmaputra basins. Measures taken so
far have largely been in the form of embankments. However, these areas continue to
be affected by serious floods and the utility of embankments has been questioned.
An ideal solution should be combination of reservoirs and embankments which
should also be supplemented by river training in the lower regions.
In our Brahmaputra basin, there are several sites for dams but the steep slopes of the
rivers call for very high dams. The feasibility of constructing such high dams in an
area which is highly seismic will require detailed study. But I feel that the spirit with
which we should approach these problems is not of despair. In fact the technology of
reservoir construction has advanced considerably and we have some of the best
experts in India. Let us not therefore consider the problem insurmountable.
In the Ganga basin however, most of the rivers, which cause floods have their origin
in Nepal. Moreover, preliminary studies have indicated that storage reservoir only for
the purpose of flood control may prove to be uneconomic. We have to explore the
possibility of multipurpose reservoir for the mutual benefits of both our countries.
But planning and implementation of reservoirs takes a long time. In the meanwhile,
we have to provide relief from recurring floods. I would suggest that a detailed study
of the embankment system in Ganga and Brahmaputra basins should be made in
order to improve the situation.”
He expressed his views about the efficacy of soils conservation measures and also mentioned
environmental issues:
“There has been much talk recently of soil conservation and the contribution that
such measures can make in controlling flood. Confining mostly for the present only to
the question of flood prevention, I would say that even if the role of soil conservation
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measures in high floods may be questionable, there is no doubt that these would
help in reducing flood peaks and the flow of silt into the rivers. At the same time we
know that the upper reaches of the rivers in Brahmaputra valley are thickly forested;
yet the mountain slopes are unstable leading to many landslides. The nature of
measures to be taken in this valley therefore have to be different. In so far as the
northern tributaries of Ganga are concerned, the upper catchments lie mostly in
Nepal. We have to think of this limitation when we talk of using soils conservation in
the upper reaches of the rivers in a big way to reduce flood. Yet much can be done in
other areas and great attention should be paid to soil conservation in future
development planning.
Yet another aspect that we have to bear in mind is that of environment. The possible
negative effects from the environmental point of view have to be studied.
Flood protection measures in the long run should be so devised as to minimise the
possible negative effects.”
The views of the Minster have been re-produced in some detail as they present in-depth analyses of
the challenges, particularly from social and governance view points, and demonstrate understanding
of the issues, many of which have yet to be addressed. The recommendations of various committees
include ways and means for addressing almost all of the issues. However, their implementation has
remained elusive.

3.5 Impediments to Implementation of Recommendations
The recommendations of “Rashtrya Barh Ayog” which are very comprehensive, address all the issues
discussed in the foregoing sections, and include all of the components that would be considered to
constitute an integrated flood management approach. Other committees on flood issues have made
similar recommendations. These recommendations cover technical issues and those related to
institutional arrangements, social issues, financial matters etc. There have been initiatives for
implementation of these recommendations but it remains that the majority of the
recommendations have not been implemented. Several reports suggest that a main reason for this is
insufficient financial allocations. The recommendations of “Rashtrya Barh Ayog” in respect of
‘Financing’ were:
“Financing
118. Some resources should be mobilized from beneficiaries of flood control
schemes.
119. The amount collected from beneficiaries should be set apart for the
maintenance of flood control schemes.
120. The flood cess should be collected along with existing taxes.
121. To start with, a cess of 1 per cent and 3 per cent of the capital cost of flood
protection and drainage works respectively should be recovered. In the case
of river bank erosion projects, allocable cost should be recovered from the
beneficiaries.
122. Flood control sector be given preferential treatment while making
allocations from funds meant for special problems.
123. Funds for specific schemes in the flood control sector should be earmarked.
However, some flexibility should be provided to take care of special
situations.
124. The Central Government should do the earmarking in the case of inter-State
projects and large projects costing more than Rs 2 crore each and those in
advanced stages of construction.
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125.
126.

The outlay on flood control in States having a large backlog of continuing
schemes should be increased and a greater proportion of the outlay be set
apart for such schemes.
Schemes at locations, where emergent situations have been met during
floods, should be undertaken only according to priorities fixed in the overall
context.”

Similar recommendations have been made by other committees. For example, “the
Committee on Flood Management in the States of Bihar, West Bengal, Uttar Pradesh &
Orissa” in its report in 1988 recommends that “a start should be made immediately by the
State Governments for collection of the flood cess from the beneficiaries in Urban and
Industrially developed areas”. Similarly, the “Task Force on Flood Management of Eastern
Region States of Uttar Pradesh, Bihar, West Bengal, Orissa and Sikkim” in its report
submitted in 1997, made following recommendations related to Flood Cess.
“20. Flood Cess
The town protection measures may be continued where inevitable with the
stipulation that the growth of the towns and the developmental activities
are not encouraged close to river, but permitted sufficiently away from it so
that the flood protection measures may not become a continued liability on
the Flood Control Departments.
In this connection, it is suggested that special flood cess or betterment levy
may be realized from beneficiaries receiving protection from flood for annual
maintenance of the works ranging from 1% to 5% of the capital cost in
phased manner. The flood cess may be collected along with property tax in
urban areas while in rural areas, it may be added to land revenue. The
existing act, if any, may be modified accordingly.”
The Uttar Pradesh Water Management and Regulatory Commission Act, 2008 [U.P. Act No. 26 of
2008] provides for "the establishment of the Uttar Pradesh Water Management and Regulatory
Commission to regulate water resources within the State, facilitate and ensure judicious, equitable
and sustainable management, allocation and optimal utilization of water resources for
environmentally, economically sustainable development of the State, fix the rates for water use for
agriculture, industrial, drinking, power and other purposes and cess on lands benefited by flood
protection and drainage works from the owners of lands benefited through appropriate regulatory
instruments according to State Water Policy and matters connected therewith or incidental thereto".
The powers of the Commission inter-alia includes “to determine and fix the rate of cess to be
charged from owner of lands benefited by flood protection and drainage works implemented under
new projects”.
Despite such recommendations and initiatives, the financing of the flood control projects and
particularly financing of operation and maintenance continues to be a serious concern.
There is need for in-depth analysis of all recommendations made by Rashtrya Barh Ayog and other
committees to identify the impediments to their implementation.

3.6 Disaster Management
The Government of India (GoI) set up a High-Powered Committee (HPC) in 1999, and also a national
committee in 2001 following the Gujarat earthquake, to make recommendations on the preparation
of Disaster Management plans and suggestion effective mitigation mechanisms. Up to this time, the
focus has been on post-disaster relief and rehabilitation, and these measures had proved to be
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robust and effective. It was recognized, however, that there had to be a policy shift towards
mitigation, prevention and preparedness. The HPC reported in October 2001 and recommended the
creation of a Department of Disaster Management. It was considered that rather than create a
Department that might lack some flexibility, and a combined Secretariat / Directorate structure was
proposed that could operate with the authority of Government, while at the same time retaining the
flexibility required of a field organization.
Various aspects of preparedness for disaster management in India are described in the report titled
“Disaster Management in India” (Government of India, Ministry of Home Affairs, 2004) and includes
measures identified for addressing disasters resulting from floods. The new approach is founded on
the conviction that development cannot be sustainable unless the development process addresses
disaster mitigation, and that the approach to disaster mitigation must be multi-disciplinary.
investments on mitigation are seen to be preferable and more cost effective than expenditure on
relief and rehabilitation.
The Disaster Management in India report sets out the existing Institutional and Policy Framework for
disaster management in India. Parts of this are reproduced below.
"2.1 The institutional and policy mechanisms for carrying out response, relief and rehabilitation have
been well-established since Independence. These mechanisms have proved to be robust and effective
in so far as response, relief and rehabilitation are concerned.
2.2 At the national level, the Ministry of Home Affairs is the nodal Ministry for all matters concerning
disaster management. The Central Relief Commissioner (CRC) in the Ministry of Home Affairs is the
nodal officer to coordinate relief operations for natural disasters. The CRC receives information
relating to forecasting / warning of a natural calamity from India Meteorological Department (IMD)
or from Central Water Commission of Ministry of Water Resources on a continuing basis. The
Ministries / Departments / Organizations concerned with the primary and secondary functions
relating to the management of disasters include: India Meteorological Department, Central Water
Commission, Ministry of Home Affairs, Ministry of Defence, Ministry of Finance, Ministry of Rural
Development, Ministry of Urban Development, Department of Communications, Ministry of Health,
Ministry of Water Resources, Ministry of Petroleum, Department of Agriculture & Cooperation.
Ministry of Power, Department of Civil Supplies, Ministry of Railways, Ministry of Information and
Broadcasting, Planning Commission, Cabinet Secretariat, Department of Surface Transport, Ministry
of Social Justice, Department of Women and Child Development, Ministry of Environment and Forest,
Department of Food. Each Ministry / Department / Organization nominate their nodal officer to the
Crisis Management Group chaired by Central Relief Commissioner. The nodal officer is responsible for
preparing sectoral Action Plan / Emergency Support Function Plan for managing disasters.
2.3 National Crisis Management Committee (NCMC): Cabinet Secretary, who is the highest
executive officer, heads the NCMC. Secretaries of all the concerned Ministries / Departments as well
as organizations are the members of the Committee. The NCMC gives direction to the Crisis
Management Group as deemed necessary. The Secretary, Ministry of Home Affairs is responsible for
ensuring that all developments are brought to the notice of the NCMC promptly. The NCMC can give
directions to any Ministry / Department / Organization for specific action needed for meeting the
crisis situation.
2.4 Crisis Management Group (CMG): The Central Relief Commissioner in the Ministry of Home
Affairs is the Chairman of the CMG, consisting of senior officers (called nodal officers) from various
concerned Ministries. The CMG’s functions are to review every year contingency plans formulated by
various Ministries / Departments / Organizations in their respective sectors, measures required for
dealing with a natural disaster, coordinate the activities of the Central Ministries and the State
Governments in relation to disaster preparedness and relief and to obtain information from the nodal
officers on measures relating to above. The CMG, in the event of a natural disaster, meets frequently
to review the relief operations and extend all possible assistance required by the affected States to
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overcome the situation effectively. The Resident Commissioner of the affected State is also
associated with such meetings.
2.5 Control Room (Emergency Operation Room): An Emergency Operations Center (Control Room)
exists in the nodal Ministry of Home Affairs, which functions round the clock, to assist the Central
Relief Commissioner in the discharge of his duties. The activities of the Control Room include
collection and transmission of information concerning natural calamity and relief, keeping close
contact with governments of the affected States, interaction with other Central Ministries /
Departments / Organizations in connection with relief, maintaining records containing all relevant
information relating to action points and contact points in Central Ministries etc., keeping up-to-date
details of all concerned officers at the Central and State levels.
2.6 Contingency Action Plan: A National Contingency Action Plan (CAP) for dealing with
contingencies arising in the wake of natural disasters has been formulated by the Government of
India and it had been periodically updated. It facilitates the launching of relief operations without
delay. The CAP identifies the initiatives required to be taken by various Central
Ministries/Departments in the wake of natural calamities, sets down the procedure and determines
the focal points in the administrative machinery.
2.7 State Relief Manuals: Each State Government has relief manuals /codes which identify that role
of each officer in the State for managing the natural disasters. These are reviewed and updated
periodically based on the experience of managing the disasters and the need of the State.”
The report also set out the new mechanisms to be established with the creation of a National
Disaster Management Authority (NDMA) and State Disaster management Authorities (SDMAs). The
Government of India enacted the Disaster Management Act in December 2005. Through this the
NDMA was established, headed by the Prime Minister, and State Disaster Management Authorities
(SDMAs), headed by respective Chief Ministers, established also.
The NDMA is an apex body has a mandate for preparing disaster management policies, plans and
guidelines, and for ensuring timely and effective response to disasters. NDMA responsibilities are
summarised as follows 22:
•
•
•
•
•

•
•
•
•

•

22

"Lay down policies on disaster management ;
Approve the National Plan;
Approve plans prepared by the Ministries or Departments of the Government of India in
accordance with the National Plan;
Lay down guidelines to be followed by the State Authorities in drawing up the State Plan;
Lay down guidelines to be followed by the different Ministries or Departments of the
Government of India for the Purpose of integrating the measures for prevention of disaster or
the mitigation of its effects in their development plans and projects;
Coordinate the enforcement and implementation of the policy and plan for disaster
management;
Recommend provision of funds for the purpose of mitigation;
Provide such support to other countries affected by major disasters as may be determined by
the Central Government;
Take such other measures for the prevention of disaster, or the mitigation, or preparedness
and capacity building for dealing with the threatening disaster situation or disaster as it may
consider necessary;
Lay down broad policies and guidelines for the functioning of the National Institute of
Disaster Management."

http://ndma.gov.in/ndma/rolesrespons.html
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The NDMA has produced a series of Guidelines and Reports on various aspects of disaster
management. Of particular relevance to this project are the "Guidelines on Flood" (National
Disaster Management Authority, Government of India, 2008), and the "Guidelines on Management
of Urban Flooding" (National Disaster Management Authority, Government of India, 2010).

3.7 NDMA Guidelines on Management of Floods
The NDMA produced their "National Disaster Management Guidelines: Management of Floods"
(National Disaster Management Authority, Government of India, 2008) in January 2008. This is a
very comprehensive document, that follows the paradigm shift from the relief oriented post event
approach of the past to an approach that focuses on prevention, mitigation and preparedness. The
report estimates that on average 7.5 million ha of land is affected by flood annually, 1600 lives are
lost and damages of Rs 1805 crore occur.
NDMA's expectation was that all key agencies, including the central ministries, and departments,
state governments, local bodies including Panchayati Raj Institutions (PRIs), and Urban Local Bodies
(ULBs) like metropolitan development authorities, municipal corporations, municipal councils and
district authorities would develop detailed flood management plans based on these Guidelines, and
that SDMAs would be responsible for reviewing and monitoring the implementation of the flood
management plans at the state level.
Although flood management is a state subject in India, and primary responsibility for flood
management lies with the states, the Guidelines identify the need for a central organisation to
develop policy and help to implement flood management measures in consultation with the states
and other stakeholders. Many river basins in India include several states, and flooding on one state
may lead to flooding in neighbouring states. In the Guidelines it has been proposed to set up River
Basin Organisations to deal with the management of water resources at river basin level. In addition
it was proposed to set up a National Flood Management Institute (NFMI) in one of the flood prone
states.
Recommendations were also made that central and state governments should initiate capacity
development in flood preparedness and mitigation as well as in emergency response procedures
during and after flood events.
The guidelines set out a framework for the preparation of flood management plans. These are
summarised in Table 3.2.
Table 3.2 Activities proposed by NDMA for flood management plan preparation

Phase
Phase 1

Phase II

July 2013

Activity
Identification and marking of flood prone areas on maps, preparation of close contour
and flood vulnerability maps.
Identification of priority flood protection and drainage improvement works.
Identification of reservoirs for review and modification of operating manuals and rule
curves and undertaking special studies on problems of river erosion.
The above to be initiated immediately and efforts will be made to complete them in a
phased manner with the last of these activities scheduled for completion in January 2010.
Implementation of schemes for expansion and modernisation of the flood forecasting and
warning network.
Execution of flood protection and drainage improvement schemes.
Modification and adoption of revised reservoir operation manuals.
Enactment and enforcement of floodplain zoning regulations.
Planning and preparation of Detailed Project Reports (DPRs) for storage reservoirs.
Implementation of the schemes for real-time collection of hydro-meteorological data on
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Phase

Activity
rivers in Nepal, Bhutan and China.
The above aim at implementation of FMPs, will commence immediately after completion
of Phase-I, and will be completed by March 2012.
Phase III Implementation of activities.
Construction of dams.
Catchment area treatment (CAT) works in India as well as neighbouring countries.
Feasible schemes completed by 2025.
Recurring Structural inspections.
activities
Restoration and strengthening works.
Expansion of flood forecasting and warning systems.
Monitoring and review of activities, and modification as necessary.
Preparedness of central ministries and departments concerned and the state
governments to be reviewed every year in April / May and appropriate corrective
measures taken before onset of the monsoon.
Post-monsoon review each year in November/December so as to finalise the action plan
for preparatory measures to be implemented before the next monsoon.
The NDMA guidelines were expected to be used as the basis for preparation of flood management
plans by central ministries and concerned departments, and by the state governments. These plans
were expected to be holistic, prepared in a participatory manner, inclusive, environmentally
sensitive and gender sensitive, resulting in a flood resilient India.
The guidelines presented a detailed roadmap for implementation. Table 3.3Table 3.3 summarises
some of the key milestones for Phase I.
Table 3.3 Key milestones from the NDMA flood guidelines

Phase
Phase I

Phase II
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Activity
Approval and beginning of National Flood Mitigation Project by NDMA
/ state governments.
Preparation of maps at 1:10,000 scale NRSA, SOI using satellite and Airborne Laser Terrain Mapping (ALTM).
Flood vulnerability / hazard maps by CWC, GFCC and Brahmaputra
Board in collaboration with NRSA.
Institutionalising the role of CBOs, NGOs, Women's Groups, Youth
Organisation, Corporate Houses and other stakeholders by the
SDMAs/District Disaster Management Authorities (DDMAs).
Strengthening / restructuring of the GFCC by MoWR.
Developing IWRM models for intrastate rivers by the state
governments.
Setting up of National Flood Management Institute (NFMI) by the
MoWR/NDMA.
Examining the adequacy and if required increasing the waterways of
bridges & culverts under roads and railway embankments by
concerned Ministries / Departments.
Studies and consultations on flood insurance.
Establishing river basin organisations by the MoWR & state
governments.

Completion
March 2009
June 2010
January 2010
June 2008
September 2008
March 2009
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The guidelines have not been implemented, possibly because responsibilities for preparing FMPs
was too widely spread. The appropriate starting point would perhaps have been with the
establishment of river basin organisations.
The guidelines identified a number of important issues that were considered to require special
attention. Regulation of development activities in floodplains is required to curb indiscriminate
encroachment, and reclamation of wet lands and depressions. Adoption of the model bill on
floodplain regulation prepared by CWC was recommended. Review of reservoir operation manuals
and rule curves was also recommended.

3.8 NDMA on Urban Flood Management
The NDMA produced their "National Disaster Management Guidelines: Management of Urban
Flooding" in September 2010 (National Disaster Management Authority, Government of India,
2010). Historically, no distinction had been made between riverine flooding and urban flooding, but
following the very severe flooding in Mumbai in 2005, NDMA decided to treat urban flooding as a
separate disaster.
Serious urban flooding is thought to be on the increase in India. Notable events were in Hyderabad
in 2000, Ahmedabad in 2001, Delhi in 2002 and 2003, Chennai in 2004, Mumbai in 2005, Surat in
2006, Kolkata in 2007, Jamshedpur in 2008, Delhi in 2009 and Guwahati and Delhi in 2010. The
NDMA Guidelines identify a number of issues that contribute to the urban flood hazard:
•
•
•
•

historic design guidance provided for rainfall intensities of 12-20 mm/hour, irrespective of
local meteorological conditions;
many systems are poorly maintained;
as a result of urbanisation there is increased runoff, while at the same time there is
encroachment on drainage paths and natural storage areas reducing drainage capacity, and
inevitably resulting in a worsening flood situation;
improper solid waste disposal results in blocked drains.

The guidelines are presented in 10 chapters, and are very comprehensive. The titles and summary
content of chapters is given in Table 3.4 below.
Table 3.4 Content of the NDMA Guidelines on Management of Urban Flooding

Chapter Title

Summary Content

1

Introduction

2

Institutional
Framework
Arrangements

3

Early Warning System
and Communication

4

Design
and
Management of Urban
Drainage System

Provides a review of differences between urban and riverine
flooding, factors contributing to urban flooding, regional weather
systems in
India, rainfall variability, and different city scenarios.
Describes the present institutional framework at the national,
state and the local levels, the role of central ministries and
departments, states and urban local bodies and other local
authorities/organisations.
Discusses present status of flood forecasting, warning and
communication systems.
Gaps are identified and
recommendations made for enhancing capabilities, using state-ofthe-art equipment.
Presents a review of existing international and national practices
for the design and maintenance of urban drainage systems. Gaps
are identified and recommendations made to develop efficient
drainage systems with improved operation and maintenance
provision.
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Chapter Title
5

Summary Content

Urban Flood Disaster Addresses urban flood risk management issues, vulnerability
Risk Management
analysis, hazard mapping and risk assessment, damage assessment
and data generation options, etc.
Techno-Legal Regime
Reviews town planning concepts, central and state legislations and
the basis of relevant provisions under layout approvals and
building permissions.
Response
Deals with response mechanisms, including creation of an incident
response system.
Capacity Development, Deals with capacity development at institutional and community
Awareness Generation levels, awareness raising and the role of different stakeholders,
and Documentation
and the need for proper documentation of events and actions.
Implementation of the Deals with implementation strategies, mainstreaming of DM into
Guidelines: Preparation development planning, role of nodal ministry, mobilization of
of DM Plans
financial resources and implementation methodology, etc.
Summary of Action Provides the chapter-wise summary of action points.
Points

6
7
8
9
10

The NDMA guidelines are very comprehensive, and there is clearly very good understanding of the
issues and of actions that could improve the current situation. It is not known at present to what
extent any of the actions advocated in the report have been taken up. Fundamental is creating
space for water in eth form of adequate drainage pathways and retention areas, requiring
strengthened urban planning and the creation of drainage master plans, and improved asset
management.
The Ministry of Urban Development (MoUD) has a central role in improving urban flood risk
management. MoUD has launched various programmes including the Jawaharlal Nehru National
Urban Renewal Mission (JNNURM), the Urban Infrastructure Development Scheme for Small &
Medium Towns (UIDSSMT) and the North Eastern Region Urban Development Programme
(NERUDP), that have relevance to the management of urban flooding. The ministry is also putting in
place the National Urban Information System (NUIS). They have also proposed preparation of an
Urban Stormwater Drainage Manual.
The JNNURM is the largest GoI initiative in the urban sector. The JNNURM focuses on infrastructure
provision, including stormwater management systems and sewerage systems, and is intended to
help make cities self-supporting. In order to access funds under the JNNURM, a city has to prepare a
city development plan (CDP), and detailed project reports (DPRs) for projects being proposed. The
programme started in 2005-2006, with a planned duration of 7 years, core funding of Rs. 50,000
crores, and an intention to cover 65 cities. There should be an evaluation of the success of this
programme in implementing improved urban drainage, and improving the capacity of city
authorities to plan and manage these systems.

3.9 Strategies and Recommendations for the XII Plan
The report of the “Working Group on Flood Management and Region Specific Issues for XII Plan”
identifies the following strategies for flood management.
i)
ii)
iii)
iv)
v)
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Integrated Basin Management Approach
Construction of Dams and reservoirs with adequate Flood Cushion
Emergency Action Plans and Operation Procedures
Detention Basins
Operation and Maintenance

July 2013

Operational Research to Support Mainstreaming of Integrated Flood Management under Climate Change

vi)
vii)
viii)
ix)
x)
xi)
xii)
xiii)
xiv)
xv)
xvi)
xvii)
xviii)
xix)

Flood Forecasting and Warning
Flood Plain Zoning
Watershed Management
Drainage Improvement
Need for proper Strengthening of Organisations for execution of works with
conventional approach
Public-Private Partnership Concept
Inventory of Works completed by State Governments
Scientific Assessment of Flood Prone Area
Embankments
Flood Management Programme
Raised Platforms
Procedural Reforms
International Dimensions
Application of New Technologies

The XII Plan Document, drafted by the Planning Commission for consideration by the National
Development Council (NDC), and now approved by the NDC, includes the following specific activities
for implementation during XII Plan:
•

•

•

•

•

In acknowledgement of the limits to further possibilities of building large storages and
embankments, some State governments (such as Bihar) have decided to broaden their
strategy of tackling floods by placing greater emphasis on rehabilitation of traditional,
natural drainage systems, leveraging the funds available under MGNREGA. Since this
involves a process of complex social mobilisation and social engineering, civil society
organisations will work in close partnership with the State government in this endeavour.
The Twelfth Plan strongly endorses such a paradigm shift in flood management.
Far greater priority will be given to non-structural measures such as the efficient
management of flood plains, flood plain zoning, disaster preparedness and response
planning, flood forecasting and warning, along with disaster relief, flood fighting including
public health measures and flood insurance.
The Twelfth Plan will draw up a concrete plan for extension of CWC’s flood forecasting
network in consultation with the State Governments and IMD to cover A, B-1, B-2 and Cclass Cities located near rivers under the network of automatic data collection, transmission
and flood information dissemination. At present, the CWC provides inflow forecast to 28
reservoirs in the country. In the Twelfth Plan this will be extended to an additional 160
reservoirs, which will cover 80-90 per cent of the total live storage capacity.
A majority of the flood warning systems in India are not timely, primarily due to poor
transmission. Delays result in enormous damage to property and lives every year. Models
used for flood forecasting and its influence zones are not rigorous enough due to lack of
integration of hydrology and the weather forecasting systems. The lead time for flood
forecasting can be improved through the use of hydraulic and hydrologic models which are
linked to the weather forecasting system, the real time data acquisition system, and the
reservoir operation system. It is possible to improve the current forecasting methods by
using satellite based information for better estimates of rainfall and snowmelt.
Adequate flood cushion needs to be provided in all water storage projects, wherever
feasible, to facilitate better flood management. In highly flood prone areas, flood
moderation will be given overriding consideration in reservoir regulation policy, even at the
cost of sacrificing some irrigation or power benefits. As a policy minimum, flood cushion of
10 per cent of live storage will be provided in all new dams and if affordable with respect to
other purposes, the flood cushion could be considered up to 20 per cent. A portion of the
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•

•

•

•

•
•

capital cost of the reservoir allocated to flood control could be shared by all beneficiary
States.
The Ministry of Water Resources has prepared a Model Bill on Flood Plain Zoning. State
Governments have reported difficulties in enactment of necessary legislation and
enforcement of laws in this regard due to constraints of evacuation of people who are
already occupying the flood plains and their settlement elsewhere due to constraints of
land. However, demarcation of the flood plain zones by the concerned States in accordance
with criteria suggested by CWC in the Model Flood Plain Zoning Bill and zone-specific
strategies about the use of flood plains (including schemes of incentives and disincentives)
need to be implemented.
A system of scientifically designed raised platforms, community housing with livestock units,
health units where people can be accommodated during the four months of floods will be
adopted. The NDMA will make adequate provision for development of model multipurpose
flood shelters under the National Flood Risk Mitigation Project or other related programmes.
The CWC, GFCC and Brahmaputra Board under the Ministry of Water Resources are required
to play vital roles in the preparation of master plans for specific river basins. The
strengthening of CWC is required in view of the proposed expansion of its hydrological and
flood data collection network, flood data transmission and management of floods.
During the Twelfth Plan, the National Water Academy (NWA) will be developed as a Centre
of Excellence for international training programmes on matters pertaining to flood
mitigation so that up-to-date globally available know-how could be shared under such
training programmes. The NWA, Pune will also be suitably strengthened to meet the
requirement of the NDMA for conducting trainings on disaster risk reduction programmes.
Digital Elevation Models (DEM) along major river systems including area falling in the flood
affected zone in the range of 0.5–1 m will be prepared for all river basins.
Use of NRSC’s flood hazard zonation maps, close contour information, river configuration &
bank erosion studies, geo-spatial tools and flood mapping and flood damage assessment will
be encouraged. The Disaster Management Support Programme will be expanded to include
more river basins and the NDMA will provide necessary support to NRSC in this regard.

The above strategies activities are pointing in the direction of river basin organisations and
integrated flood management. The activities identified definitely help in addressing the issues that
exist, but do of course need to be translated into time bound work programmes with the objective
of reducing the flood impacts.
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4

Institutional Aspects of Flood Management in India

4.1 Introduction
Water is a state subject under the Constitution of India. State governments are therefore
responsible for the planning and implementation of flood management measures, as well as for
emergency response and post-flood rehabilitation. The central government provides technical,
physical and financial resources. Relief manuals and codes are available for undertaking emergency
operations.
Generally flood defence work is part funded by the state and part funded by central government.
States are expected to fund 25% of works, while central government funds the rest. Annually 0.5%
of plan outlay is on flood defence.
The institutional arrangement for flood management in India can be grouped under three verticals
and four governance levels. The key players in each of the verticals and levels are presented in
Figure 4.1 below. The Brahmaputra Board (BB) and the Ganga Flood Control Commission (GFCC)
are included at the central level and undertake preparation of comprehensive master plans for
various sub-basins.

Figure 4.1 FRM Institutional Framework

The chain of flood management responsibilities flows from the central to the local level on one
hand, and from planning to implementation and monitoring on the other. At the central level,
planning is focussed on policy development, and the development of guidelines for use at state
level. There is of course planning for centrally run activities including hydrometric data collection
and flood forecasting. Technical support is provided centrally in the form of design guidelines,
design support, advice on technological advances, technical and economic feasibility, monitoring of
implementation, and national databases (meteorological, hydrometric, topographic, land use, soils,
and other remotely sensed data products). Planning for flood management measures, particularly
embankments, is undertaken by state governments and central funding is considered only after
detailed evaluation of proposals made.
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4.2 The Legal Framework
4.2.1 General
The Constitution of India does not specify if flood management responsibilities are to be covered by
the central, state or concurrent list. However, drainage and embankments are put under the state
list. There are no specific laws in India that deal with floods. Consequently, many states address
flood related issues in the larger framework of legal instruments relating to irrigation and drainage,
and there exists a great deal of variation across states. There are different laws dealing with a range
of issues. These legal provisions can be grouped under eight headings:
i) Irrigation and Drainage
ii) Acquisition of Land
iii) Construction of flood control works
iv) Levy of betterment fees
v) Floodplain zoning (only in two states i.e. Manipur and Rajasthan)
vi) Town and Country Planning
vii) Evacuation
viii) Suspension of land revenues
Some of the important Policy Instruments and pieces of legislation that have implications to flood
management are listed in the following sections.

4.2.2

Key Policy Instruments

Key policy instruments are listed in Table 4.1 Government policies related to flood management
below.
Table 4.1 Government policies related to flood management

Policy
National Flood Policy, 1954
High Level Committee on
Floods, 1957
Ministers Committee, 1964

Key Issues
Protection from floods as a national objective
Recommendation to include non-structural measures (flood plain
zoning, flood forecast, soil conservation etc)
Recommendation to pay attention to treatment of small rivers,
construction of reservoirs etc
Working Group on Flood Modernization of flood forecasting, recommendation to treat river
Control, 1978
basin as a unit for coordination
IV Conference of State Master Plans for flood management and drainage improvement
Ministers of Irrigation, 1979
Rashtriya Barh Ayog, 1980 Large number of wide ranging recommendations on flood management
The National Housing and Considers threat to housing by major natural disasters including floods
Habitat Policy, 1998
The Task Force on Flood Expansion of central government role, central funding of 90% for
Management/Erosion
special category states and 75% for other states of the total estimated
Control, 2004
cost of the scheme, 1% of total plan outlay (from 0.5%) on flood
defence, revolving fund of Rs 500 million, creation of an authority for
north-east region and Sikkim and North Bengal Board
The National Water Policy, Flood control and management, emphasis on non-structural measures,
1987; revised in 2002 and modernization of flood forecast network
again in 2012
The Draft National Water Currently in draft form. Proposes to treat flood management in a
Framework Bill, 2013
holistic manner by providing a broad framework law, which the states
can then enact
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4.2.3 Legislation related to flood management
Table 3.2 below presents a list of flood management related legislation by state.
Table 4.2 Legislative provisions in flood management

State Act
Andhra Pradesh
The Andhra Pradesh Irrigation
(Levy
of
Betterment
Contribution) Act, 1955
The Andhra Pradesh Rivers
Conservancy Act, 1884
Assam

Bihar

Orissa

Salient Features with reference to Floods
Distinction between flood protection works in rural and in
urban areas. In rural areas (subject to expenditure limit) no
betterment contribution is to be charged.
Deals with plain zoning in a limited way. Provides for the
conservancy of rivers, and prevents unauthorized action of
private entities in obstructing the flow of rivers.

The Assam Embankment and Deals with construction, maintenance and management of
Drainage Act, 1954
embankments and drainage works. Authorizes the
Embankment Officer to initiate a scheme for constructing
any embankment or drain.
The Assam Town and Country Deals with preparation of master plans. Describes general
Planning Act, 1959
land-use plan for various purposes with a bearing on the
overall land-use pattern in the areas in flood prone areas.
The Assam Land Revenue Provision for reassessment of land value under special
Reassessment Act
circumstances.
The Bihar Amendment to the Food erosion has also been listed as one of the emergencies
Land Acquisition Act of 1894
during which the District Collector can take possession of
the land.
The Bihar Public Irrigation and Provision for undertaking flood control measures.
Drainage Act, 1947
The
Patna
Municipal Provisions for construction and maintenance of drains in
Corporation Act, 1951.
municipal areas.
The Bihar Panchayat Raj Empowers village communities to undertake relief
Abhiyam, 1983
measures.
The Bihar Irrigation Act, 1997
Consolidates laws relating to irrigation, embankment,
drainage, levy and assessment of water rates, and
betterment contribution. Drainage works includes flood
embankments.

The United Provinces Acquisition Provision for relief to flood affected areas. Provisions for
of Property (Flood Relief) acquisition of land for rehabilitation of flood affected
Act,1948
people. Has a direct relevance both during floods and in
post-flood situations.
The Orissa Public Embankment Provision for construction and improvement of public
Construction and Improvement embankments for the prevention of floods. Embankment
Act, 1951
includes all types of flood control structures.
The Orissa Irrigation Act, 1959
Drainage works includes protection of lands from flood and
erosion. Diversion of the current of a river or canal where
there is a flood embankment, is a punishable offence.
The
Orissa
Hydro-Electric Provision for survey and investigation of the suitability of
Projects & Flood Control Works lands required for the establishment of flood control
(Survey) Act, 1961
measures.
Uttar Pradesh
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State Act
Salient Features with reference to Floods
The Uttar Pradesh Housing and Comprises a flood scheme, providing for housing facilities
Development Board Act), 1965 for flooding or waterlogged areas. Provides for: i)
Construction of structures for protecting houses and
installations affected by flood; ii) repair of houses damaged
by flood; iii) construction of drains and other outlets; iv)
raising level of any area; v) re-laying of sites in any area vi)
acquisition of land vii) evacuation of the inhabitants
affected by flood.
The Uttar Pradesh Flood Provision for the protection of life and property from
Emergency Powers Evacuation & danger caused or threatened by floods.
Requisition Act, 1951
The United Provinces Acquisition Provision for relief to flood affected areas. Provisions for
of Property (Flood Relief) acquisition of land for rehabilitation of flood affected
Act,1948
people. Has a direct relevance both during floods and in
post-flood situations.
The
Aligarh
Development Development of the city taking into consideration of rivers.
Authority Regulations (Master
Plans and Zonal Plans, 1983
West Bengal
Bengal Alluvion and Diluvion Addresses frequent changes in the channels of the principal
Regulation,1825
rivers and erosion and accretion
The Bengal Irrigation Act, 1876 Provisions for construction of flood embankments and
drainage works. Provision for compensation for damage to
crop, tree or building.
The Bengal Embankment Act, Provides for construction, maintenance and management
1882
of embankments and watercourses. Provision for
appointment of district level Embankment Committees
The Bengal Agricultural and Consolidates all laws related to construction of drainage
Sanitary Improvement Act, 1920 and other urban flood related matters
The
Asansol
Municipal Provision to make provisions for the construction and
Corporation Act, 1990
maintenance of drains and sewerage and drainage works.
Provision for Development Plan in consultation with the
District Planning Committee.
Others
The Damodar Valley Corporation Establishing and regulating a corporation for the
Act, 1948
development of inter-state valleys.
The Inter-state River Disputes Empowers the central government to constitute water
Act, 1956
tribunals.
The River Boards Act, 1956
Empowered to advice the governments for promotion and
operation of schemes for flood control, drainage, and
prevention of soil erosion of inter-state rivers.
Theoretically, the River Board presents a good example of a
structure which can take a holistic view of the development
of an interstate river, especially in flood management.
The Model Town and Country Land use planning taking flood prone areas into
Planning Act, 1960
consideration
The Manipur Flood Plain Zoning Empowers the Flood Zoning Authority to notify flood plain
Act, 1978
areas, and restrict the use of land. Another state which has
drafted Flood Plain Zoning Act is Rajasthan but not
enacted. Other major flood prone states of Assam, Bihar,
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State Act

Salient Features with reference to Floods
West Bengal, Orissa and Uttar Pradesh have made no
enactment on flood plain zoning. Even in Manipur the Act is
not enforced.
The Brahmaputra Board Act, Carry out surveys in the Brahmaputra Valley and prepare a
1980
master plan for flood control and bank erosion and the
improvement of drainage in the valley.

4.3 Institutional Arrangements
4.3.1 Central Institutions
Planning Commission: In preparation of five year plans the planning commission constitutes
working groups or sub-groups to consider flood management and region specific flood
management issues. The recommendations of the working group on flood management for the XII
Plan have been outlined in Chapter 2 of this report.
Ministry of Water Resources (MoWR): MoWR is at the centre of decision making in flood
management planning and policy initiatives. It provides central assistance to states for flood
management activities. Central funding is provided for approved state schemes. This amounts to
90% for special category states and 75% for other states. A national level Flood Management
Program has been undertaken to provide central funding (Rs. 8000 crores annually) for flood control
schemes approved by the Empowered Committee. MoWR has also issued a Flood Management
Guideline that outlines the basis for central assistance to the states for flood defence work. Revised
guidelines were prepared by the MoWR in August 2009. The MoWR/CWC compiles data on the
physical progress of all flood management activities annually. Cumulative achievements in flood
defence by 2011 were: construction of flood embankments: 34,397 km; drainage channels: 51,317
km; town protection works: 2,400; and village protection: 4,721. The MOWR operates a few
centrally sponsored schemes for taking up critical anti river erosion works in the Ganga basin and
north-eastern states, improvement of drainage and flood proofing.
Central Water Commission: The Central Water Commission is the most important entity in the
entire network of flood management institutions. The River Management wing of CWC is
mandated nationally to collect, process and publish flood related data. Flood forecasting measures
are entirely in the domain of Central Water Commission, making it the most important player in
flood management activities. CWC maintains 175 flood forecasting stations (147 level and 28
inflow forecast) across the country. The number of flood forecasting sites increased from a single
one in 1958 to 175 in 2006. The flood forecasting technology was substantially upgraded from
2001 onwards. Modernization of the flood forecasting network is on-going, and the role of CWC
will be strengthened further in the XII Plan period.
The Ganga Flood Control Commission (GFCC): The GFCC was set up 1972 and is mandated to
prepare comprehensive plans of flood control in the Ganga basin. It deals with the problems of
floods in the Ganga basin and takes up techno-economic appraisals of schemes formulated by
basin states. Twenty basin plans were prepared by the GFCC since the 1980s, dealing mostly with
structural measures and these are now in the process of being updated. It has also carried out
techno-economic appraisals of forty eight flood management schemes. GFCC also has the
mandate of monitoring embankment construction along three rivers in Nepal (upper basin
country), which are being funded by the Government of India. At the Board level, the GFCC is
headed by the Union Minister for Water Resources and the Chief Ministers of twelve basin states
are its members. At the operational level, it is headed by the Chairman and he is assisted by two
full time members, four directors and technical and non-technical staff.
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The Brahmaputra Board: The Brahmaputra Board, set up under the Brahmaputra Board Act, is a
statutory body that has the responsibility of preparing a master plan to control floods in the
Brahmaputra valley and to programme implementation. It commenced its operation in 1982, with
a broad based mandate that includes carrying out survey and investigation in the Brahmaputra
valley, preparing and updating master plans, preparing detailed project reports for various
schemes, drawing up standards and specifications for construction, and operation and
maintenance of dams in the basin.
India Meteorological Department: The IMD was created in 1875. Its mandate is:
•

•

•
•
•

To take meteorological observations and to provide current and forecast meteorological
information for optimum operation of weather-sensitive activities like agriculture, irrigation,
shipping, aviation, offshore oil explorations, etc.
To warn against severe weather phenomena like tropical cyclones, norwesters, duststorms,
heavy rains and snow, cold and heat waves, etc., which cause destruction of life and
property.
To provide meteorological statistics required for agriculture, water resource management,
industries, oil exploration and other nation-building activities.
To conduct and promote research in meteorology and allied disciplines.
To detect and locate earthquakes and to evaluate seismicity in different parts of the country
for development projects.

Flood Meteorological Offices (FMOs) have been set up by IMD at ten locations: Agra, Ahmedabad,
Asansol, Bhubaneshwar, Guwahati, Hyderabad, Jalpaiguri, Lucknow, New Delhi and Patna. During
the flood season, FMOs provide valuable meteorological support to the Central Water Commission
for issuing flood warnings.
National Water Mission: The National Water Mission of the National Action Plan on Climate Change
is under the MoWR, and has a flood management component. Flood magnitude and frequency are
expected to increase under climate change. Under the National Water Mission Secretariat four
Climate Change Cells have been established - one each in of the MoWR, the Brahmaputra Board,
the National Institute of Hydrology and the Central Ground Water Board.
National Remote Sensing Centre (NRSC): Under the Department of Science and Technology, NRSC
has an important role in preparing base data for use in flood management. This includes digital
elevation data, land use and soils data, and flood hazard zone maps. The NRSC played a central
role in creating India.WRIS with CWC. WRIS is a Water Resources Information System covering all
aspects of the water cycle and water infrastructure. WRIS is a web based GIS system comprising
some 87 layers of data. Acquisition of satellite data, dissemination of data from Indian and
overseas satellites, carrying out aerial surveys, large scale hazard mapping services, extending
uninterrupted service support during disasters (including floods), setting up ground stations are
some of the key mandates of NRSC.
Ministry of Agriculture: The role of Ministry of Agriculture in flood management is limited to
providing relief and compensation in relation to crop and agriculture property losses. A new
Calamity Relief Fund (CRF) was introduced by the ninth Finance Commission and later updated by
the subsequent Commissions. It is a centrally sponsored scheme and the general rule for funding is
75:25 between the centre and the state. The Agriculture Ministry plays a major role in the central
team, specifically constituted from time to time to assess losses due to hazards. Six major hazards
are included for funding support under CRF i.e. cyclone, drought, earthquake, flood, fire and
hailstorm and the ministry of agriculture has a key role in mitigation of all of the six hazards. The
role of Ministry of Agriculture in flood management is limited to providing relief and compensation
in relation to crop and agriculture property losses. A pilot weather based crop insurance scheme
was introduced (WBCIS), with an annual outlay of Rs 100 crore in 2010. As a pilot it was introduced
in 2003 through World Bank support, with a private insurance company providing insurance
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coverage to overcome weather extremities. The scheme provides for government subsidy with
farmers premium capped at different rates for different crops. Over 2,000,000 farmers have
benefited from this scheme. The scheme extends beyond flood affected farmers to include other
weather related vagaries, therefore not specific to flood management.
Ministry of Environment and Forestry (MoEF): The MoEF is the nodal agency in the administrative
structure of the Central Government for the planning, promotion, co-ordination and overseeing the
implementation of India's environmental and forestry policies and programmes. The broad
objectives of the Ministry are:
•
•
•
•
•

Conservation and survey of flora, fauna, forests and wildlife
Prevention and control of pollution
Afforestation and regeneration of degraded areas
Protection of the environment and
Ensuring the welfare of animals

The MoEF thus has a role in catchment land use management and treatment.
National Disaster Management Authority: The NDMA has the responsibility of policies and
guidelines for prevention, preparedness, mitigation and rehabilitation during all disasters, flood
being one of them. It also coordinates the enforcement and implementation of policies. National
Disaster Response Force has been created under NDMA to provide support. The National Institute
of Disaster Management provides capacity building and training support.

4.3.2 State Institutions
State Planning Board: All states have State Planning Boards, although the effectiveness of these
Boards varies widely across states. The main mandate of Planning Boards is to make an
assessment of the state resources and to determine plan priorities for the state within the
framework of the priorities of the National Plan. State Planning Boards work closely with the
Planning Commission. In the past decade, Planning Boards of flood prone states have increased
fund allocations for flood management significantly.
State Water Resources Department: All the states have Water Resources Departments (WRDs),
generally headed by a Minister. Since early 1990, most of the states have embarked on water
sector reforms in a phased manner. In pre-reform days, two key functions, i.e. irrigation and power
generation, were bundled into one role, under the Department of Power and Irrigation. However,
later through restructuring, most states have separated power and created Water Resources
Departments with responsibility for irrigation. Other functions such as water resource planning,
major and minor irrigation, groundwater development, command area development etc. were
later placed under WRD. Flood management although a function of the WRDs, often receives
limited attention and inadequate resource allocation. However, in major flood prone states such
as Assam, Bihar, Orissa, Punjab etc. flood management does receive a larger part of central
funding.
Flood Control Department: In flood prone states, flood management schemes are planned and
executed by flood control departments within state Water Resources Departments or Irrigation
Departments. The states investigate, plan, construct, maintain and operate all flood protection
works.
State Disaster Management Authority: SDMA is state level establishment that approves state
plans in line with NDMA guidelines. SDMA coordinates the implementation of state plans,
recommends provision of funds for mitigation and preparedness measures, reviews the
developmental plans of the different departments of the state to ensure the integration of
prevention, preparedness and mitigation measures. State Disaster Response Force set up by the
states assists SDMA in case of eventualities.
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Flood Management Information System (FMIS): This is a Bihar-specific WB funded program that
aims to develop a comprehensive FMIS in four stages:
i) Institutional strengthening for flood management
ii) Development of flood management information systems
iii) Community-based flood risk management in targeted areas
iv) Other activities
The programme is expected to improve flood management strategy and planning, improve the
knowledge base for flood management, improve modelling and analysis for flood warning, establish
an embankment asset management system, plan community outreach in flood management, and
enhance community participation in flood management. It will support preparation of master plans
for flood control and drainage. During monsoons, the Flood Information Management Cell issues
daily flood bulletins through the FMIS.

4.3.3

District Institutions

Revenue Department: The revenue department is the main arm of the government at the district
level that implements programmes including flood management. The District Collector, as the
district head, coordinates the efforts of flood prevention and rehabilitation between various line
departments such as Irrigation, Agriculture, Animal Husbandry, Groundwater etc.
District Planning Committees (DPCs): DPCs are the main governance instruments of the Zilla
Panchayats (ZPs). ZPs have a limited planning role and an insignificant technical role. DPCs have
several planning functions and flood response is subsumed by the disaster management function of
the DPCs. It is important to note that DPCs are only a mechanism of governance and not another
layer of institution. Not all states have constituted DPCs.
Technical Departments: In the districts, state technical departments such as irrigation, agriculture,
water supply, public works have their implementation arms. They report to their head quarters in
the state for all technical matters and fund allocations. However, they execute their works in close
coordination with the district administration.
Zilla Parishads: Zilla Parishads function as an advisory bodies. They approve budgets, co-ordinate
development plans, and distribute resources to blocks. Generally they have seven standing
committees, but no specific committee to deal with floods. Flood issues are covered under social
welfare or disaster management committees. Some Zilla Parishads maintain basic database on
master plans for flood management measures implemented by technical departments.

4.3.4 Local Institutions
Urban Local Bodies and Gram Panchayats: Local level governing institutions such as Gram
Panchayats and Urban Local Bodies generally have no planning and technical responsibilities. They
are, however, expected to participate in and contribute to the district planning process. It is
understood that in practice this does not happen. Their role is primarily confined to implementation
of schemes and programmes. In flood management, they are receivers of funds rather than partners
in programme implementation.

4.3.5 Research and Training Institutions
In addition to the institutions listed above, many academic institutions carry out research, in-service
training activities in river hydraulics, flood hydrology and flood management. Almost all IITs and
state irrigation research stations are active in water resources and some aspect of flood
management. Notable is IIT Roorkee where there are departments in water resources development
and hydrology. Other prominent organisations include the Central Water and Power Research
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Station (CWPRS) in Pune, and the National Institute of Hydrology (NIH). Other IITs also have strong
departments and expertise in hydrology and water resources.
The National Water Academy (NWA) was established in CWC in 1988, and is located in Pune. The
NWA is envisaged to function as a `Center of Excellence’ for in-service training of water resources
engineering personnel.
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5

Community Based Flood Management

5.1 Introduction
This section provides a brief review of some community based flood management programmes
including those directed at climate change risks that have been undertaken or are on-going. These
programmes have demonstrated community based initiatives leading to community involvement in
flood management. A review of available literature indicates that these programmes allocated
resources on structural measures as well as non structural initiatives for flood management and in
the process have addressed community participation and community concerns in different ways.
Community Based Flood management/climate change initiatives are reviewed with the objective of
illustrating the extent to which community participation has been incorporated in flood
management.

5.2 GoI-UNDP Disaster Risk Management (DRM)
Implementing Agencies: Ministry of Home Affairs (MHA)
Financed by: Multi donor resource framework
Budget: 41 USD Million.
Location: 176 multi-hazard prone districts across 17 States of India
Duration: 2002-2009
The Ministry of Home Affairs with support from UNDP- India implemented the GoI-UNDP Disaster
Risk Management (DRM) Programme during the period 2002-2009. The community-based DRM
programme focused principally on capacity building through training and awareness raising. The
Programme initially targeted 28 districts in three states i.e., Bihar, Gujarat and Orissa. It was
extended to 125 districts in 12 states in April 2003, and by early 2005 the programme covered 169
(presently 176) of the most hazard-prone districts in 17 selected states. These states/union
territories were Arunachal Pradesh, Assam, Bihar, Delhi, Gujarat, Maharashtra, Meghalaya, Manipur,
Mizoram, Nagaland, Orissa, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh, Uttarakhand and West
Bengal.
The programme locations represented those where people faced frequent disasters, including
flooding, rather than locations that had not experienced major disasters for a generation or more.
With an emphasis on risk reduction, gender mainstreaming and social inclusion, the project aimed at
preparing communities to perceive natural disasters as no longer wrath of God but as phenomenon
that could be coped with pre-planned mitigation initiatives 23. It is reported that the UNDP’s Disaster
Risk Management (DRM) project was able to mobilize volunteers to strengthen disaster mitigation
and management.
The Programme included the following components:
•
•
•
•
•
23

Strengthened SDMAs and DDMAs to fulfil the responsibilities stipulated in the National DM
Act (2005).
Development of methodologies and modalities for ensuring integration of disaster risk
reduction into the development programmes of all partners at national, state and
community levels.
Undertaking urban risk reduction by addressing planning and development issues through
suitable legislative and regulatory mechanisms.
Setting up recovery frameworks through which the people affected by disasters are able to
access resources for rebuilding their lives and reviving their livelihoods.
Knowledge and information sharing platform in disaster management are strengthened.

http://www.undp.org
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•

The programme was evaluated by Asia Disaster Preparedness Centre (ADPC ) in partnership
with Sustainable Environment & Ecological Development Society (SEEDS) India. The success
of the programme is mentioned in the section on lessons learnt.

To ensure long term sustainability and with the emphasis on risk reduction, gender mainstreaming
and social inclusion it was widely considered that there is a need to upscale the activities and on that
basis GoI-UNDP Disaster Risk Management Programme launched two projects in a second phase of
the programme. The new GOI-UNDP DRR Programme comprises of two projects:
i)

Disaster Risk Reduction Project which aims at institutional strengthening and capacity
building for disaster risk reduction. This project will be implemented by National Disaster
Management Authority.
ii) Urban Risk Reduction Project which will be implemented in selected cities of India with focus
on multi hazards by Ministry of Home Affairs.

5.3 Climate Change Adaptation
Implementing Agencies: Govt. of India
Financed by: AUSAID and UNDP
Budget: US$ 920,888
Location: West Nimar district in Madhya Pradesh and Puri district in Odisha
Duration: 2011-2014
This project is implemented by the Government of India (Ministry of Home Affairs) and is financed
jointly by AUSAID and UNDP’s DRR Programme with the aim to strengthening institutional structures
to undertake disaster risk reduction activities at various levels, and develop preparedness for
recovery.
The programme in under implementation and aims to address vulnerabilities by supporting specific
activities such as hazard risk vulnerability analysis, stakeholder consultations and capacity building,
developing knowledge products and tools on integration of Disaster Risk Reduction and Climate
Change adaptations in hindi, to enhance climate change induced risk management capacities
(adaptation, disaster mitigation and risk reduction) in districts across flood-prone areas of Odisha
(Puri district) and drought-prone areas of Madhya Pradesh (East Nimar District).
The project aims to build the resilience of poor women and men to climate change and enhance
disaster risk capabilities through integrated water management activities including rain water
harvesting, sustainable drainage system, plantation etc., and incorporation of climate change
adaptation in the state Disaster Management Plan. The approach is a community based approach
that aims at developing models of community-based management of water resources 24.
The key interventions of the project are:
•
•
•
•

Strengthening communities and involving participatory vulnerability assessment
Integrating water management and climate change risk concerns into disaster management
planning at district and gram panchayat levels
Informing the state-level policy and planning process on climate change
disaster risk management on adaptive water management practices like rain water
harvesting, sustainable drainage system, plantations, etc.

A training manual has been developed for participatory vulnerability analysis that serves as a
reference to trained volunteers to gather information on vulnerability related to climate change
induced disasters. In Odisha, training has been provided to the volunteers to enable effective local
participation in vulnerability analyses. In Madhya Pradesh participatory ground water aquifer
24

http://www.undp.org/content/dam/india/docs/CPR/Climate-Change-Adaptation.pdf
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mapping and preparation of an integrated water use action plan has been undertaken. The ongoing
climate related vulnerability assessments in both districts are a key programme component and will
lead to an action plan for integrated water management

5.4 Kosi Flood Recovery and Reconstruction
Implementing Agencies: Govt. of Bihar
Financed by: UNDP
Budget: US$ 1,000,438
Location: Five districts in Bihar (Araria, Madhepura, Purnea, Saharsa and Supaul)
Duration: 2009-2011
The 2008 Kosi floods affected three million people in Bihar, one of India’s poorest states. In
partnership with the government of Bihar, this project supported the recovery processes in the
aftermath of the floods, including settlement and habitat planning to reduce disaster risk 25.
A UNDP pilot, in partnership with the government of Bihar and the Owner-Driven Reconstruction
Collaborative, 130 houses were rebuilt in two of the worst flood-affected
villages- Orlaha and Puraini through an owner-driven approach. Homeowners were provided
sufficient technical expertise and information to drive the reconstruction process and build
environment-friendly, disaster-resilient homes. Each homeowner received INR 55,000, or just under
US$ 1,200 to rebuild their homes. The money was transferred to a joint account on the condition
that one account holder was a woman. People without land were given additional money to buy a
land, and by putting in some of their own money and labour, homeowners were able to get more
out of the scheme
With assistance from the World Bank, the Government of Bihar’s (GoB) under the Bihar Kosi Flood
Recovery Project (BKFRP) supported flood recovery and risk reduction efforts in the affected region
through:
i)
ii)
iii)
iv)
v)

the reconstruction of damaged houses;
the construction of road and bridge infrastructure;
the strengthening of the flood management capacity in the Kosi basin;
the enhancement of livelihood opportunities to all those affected;
the improvement of the emergency response capacity for future disasters.

BKFRP was given a USD 220 million IDA credit that became effective on 08 March 2011 and the GoB
created the Bihar Aapada Punarwas Evam Punarnirman Society (BAPEPS) for implementing the
project.
Key interventions of the programme were:
•
•
•

Owner-driven reconstruction pilot up scaled across flood-affected districts in the state
(100,000 homes ) in the worst-affected districts of Madhepura, Saharsa and Supaul, as part
of its new Kosi Reconstruction and Rehabilitation Scheme.
District Management Support cells established in five districts to ensure effective
implementation of the government of Bihar’s programme.
Geographic Information System database built to provide inputs in district rehabilitation
plans. Evidence generated through rapid assessments of community infrastructure, risk
reduction plans and development of water body plantations was used to build a GIS

25

www.undp.org/content/india/en/home/operations/projects/crisis_prevention_and_recovery/kosi_flood_rec
overyandreconstructionproject/
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database to provide inputs for the preparation of district rehabilitation, reconstruction,
mitigation and development plans 26.
Technical capacities of government and communities enhanced through training of masons,
government engineers, carpenters and homeowners on safe home construction practices
using environment-friendly, disaster-resistant local building materials.
Eight Kosi Setu Kendras or grassroots facilitation hubs established in eight of the worstaffected areas in the region to guide to provide handholding support to the house owners,
generate awareness and provide implementation and monitoring support. They also
provided the bridging support to the community and the district administration.

•
•

Results achieved through the programme included:
•

A Government of Bihar and UNDP pilot project helped rebuild climate resilient houses
devastated by the Kosi floods of 2008 by empowering local communities to own the
reconstruction process. The process was up scaled to construction of 100,000 owner driven
houses destroyed by the Kosi floods.
The owner driven house construction empowered the families to make significant savings
and ensured less likelihood of having to abandon houses in the future. In addition to being
community led, the programme encouraged use of indigenous building material and
traditional designs supported by the introduction of disaster proofing techniques. This
combination of innovative design and use of local skill/ resources was key to the positive
outcome of the intervention.
The pilot intervention is reported to have led to an integration of an owner-driven approach
in national shelter reconstruction policies.

•

•

5.5 Integrated Flood and Riverbank Erosion Risk Management Project (AIFERM)
Implementing Agencies: Assam State Water Resource Department (WRD)
Financed by: ADB
Budget: $150 million ($120 million ADB, $30 million from State)
Location: Assam
Duration: 2010-2016
The main objective of the project is to enhance sustainable and inclusive economic growth in flood
prone areas along the Brahmaputra River in Assam state. The project is being implemented at three
sub-project sites: Dibrugarh (Dibrugarh district), Kaziranga (Golaghat district), and Palasbari (Kamrup
district).
Community-based Flood Risk Management and Livelihood (CBFRML) is a sub-component of the
overall AIFRERM and aims to support and improve the ability of the flood affected communities to
define their local flood risk and develop effective coping mechanisms through a participatory
planning process. This programme aims to assist in establishment of community based flood risk
management and livelihood needs by:
a. Reducing communities vulnerabilities and strengthen their ability to proactively cope with
floods and
b. Strengthening linkages between communities and local government.
The interventions include:
•
•
•

Flood education for relevant stakeholders from district to village level
Early warnings
Participatory planning for flood preparedness, response, recovery

26

http://www.undp.org/content/dam/india/docs/kosi_flood_recovery_and_reconstruction_project_factsheet.
pdf
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•
•

Implementation of community priotised sub projects for mitigation and livelihood
enhancement
Pilot testing raised platforms.

The objective is to improve the ability of communities to define and exercise decision making in local
disaster risk management strategies 27.
The micro plans developed by the communities provide a useful insight to their practical experience
of flooding, flood behaviour, traditional coping mechanisms, early warning systems, flood induced
problems such as insufficient fodder for livestock, sanitation, availability of potable water, women's
security and safety, problems during response phase recovery phase, available resources and
community contingency responses.
The micro plans developed have encouraged the communities to identify local resources and
advocate maintaining cultural and traditional practices in addressing local problems. They have also
assisted the local and higher authorities in understanding the local context of the problem. The
micro plans demonstrate village profiles, risk profile, community needs assessment, identification of
problems and prioritisation, formation / re-activation of community structures and community led
action plans.
The report can be used as tool for developing comprehensive CBFRML strategies for reducing flood
risks in a sustainable manner. The report has an attempt to analyze ‘Who is doing What’ and
possible linkage of flood risk management initiatives within the existing national and State planned
schemes and non-scheme developmental programmes. It also mentions lessons learnt that can be
useful in future programme planning.

5.6 Kolkata Urban Services for the Poor (KUSP)
Implementing Agencies: Kolkata Municipal Corporation
Financed by: DFID
Budget: 102.1 Million Pounds.
Location: All ULBs in the Kolkata Metropolitan Area except Kolkata Municipal Corporation (40 ULBs)
Duration: 2003-2011
This DFID supported programme was implemented during 2003 – 2011. The objectives of KUSP
included support for infrastructure improvements in slum areas (focusing on rehabilitation of
building assets for water supply, sanitation, drainage and small access roads), and in wards and
municipalities (focusing on rehabilitating and filling critical gaps in basic water supply and sanitation
services). The community owned programme focused on development planning, supporting
municipalities, assessment of infrastructure and services and working with small Urban Local Bodies
(ULBs) addressing the issues related to flooding in the urban areas resulting from poor urban
planning and inefficient drainage systems.
The programme demonstrated participatory slum planning by constituting project facilitation teams
comprising for Mayor, Member in Council, Ward Councillor, Engineers, Planners, community
organisers and forming Bustee Works Management Committee on the other which was trained on
planning at the slum level , supporting in implementation ,awareness generation. Operation &
maintenance of the assets.
Participatory slum improvement was a central component of the programme and addressed the
following climate risks:
•

27

increased water logging and subsequent flooding;

Community Based Flood Risk Management and Livelihood in Assam- AIFRERM- ADB TA 7136 (IND) Report

September 2009
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•
•

consequent contamination of urban water supply, including drinking water, with waste
matter, leading to negative health implications;
flood and water logging to individual and community toilets that could lead to groundwater
contamination.

The key interventions addressing the above risks were:
•
•
•
•

‘in-situ’ slum upgrading, which included construction of roads, creating proper drainage and
sanitation facilities, including construction of both individual and community toilets;
provision of potable water supplies;
creation of easy-to-maintain infrastructure such as brick roads instead of concrete roads;
periodic operation and maintenance of existing infrastructure.

5.7 Madhya Pradesh Urban Services for the Poor (MPUSP)
Implementing Agencies: Urban Administration & Development Department (UADD) GoMP
Financed by: DFID
Budget: £41 million.
Location: Bhopal, Jabalpur, Indore, Gwalior and 10 other Municipal Corporations in the state
Duration: 2006-12
MPUSP programme was implemented by the Government of Madhya Pradesh (GoMP) in fourteen
municipal corporations to enhance government capacity and strengthen the capability of institutions
to deliver effective services to the urban poor in a sustainable way. The project aimed to 28:
•
•
•

integrate Jawaharlal Nehru National Urban Renewal Mission (JNNURM) reforms within
municipalities in order to improve their performance;
improve environmental infrastructure in slums to improve the conditions of poor
people, and to improve the capacity of the municipality to operate and maintain this
infrastructure.
strengthen the civil society to facilitate the interaction between poor people and the
municipality and to stimulate policies in favour of the poor.

With a participatory approach, involving communities and women led collectives, the infrastructure
provision was extended to spread over 167 poor settlements, benefitting about 37,000 households
and a population of about 186,000. These settlements were the poorest and most infrastructure
deficient slums.
In terms of flood risk management in an urban setting, both the KUSP and MPUSP programmes have
influenced urban planning issues. They focussed on infrastructure planning for poor settlements that
were inadequately connected to basic urban services, and were often located in low-lying flood
prone areas. These settlements were particularly vulnerable to direct and indirect environmental
risks such as urban flooding and particularly with respect to climate change. These programmes also
addressed the shortcomings of planning for and subsequent investments in basic services resulting
from a poor evidence base and leading too high levels of inequity in services in urban areas.
In both programmes there was robust community involvement that led to a coordinated effort
addressing issues of land use, land ownership, planning etc. MPUSP primarily focused on in-situ
slum upgrading of water supply, drainage systems, individual household toilets, roads, street
lighting, and solid waste disposal, and also established links between these services and the city
wide network. The adverse effects of environmental problems such as flooding were also taken into
consideration. This approach was different from that of early slum improvement programmes which
did not consider linking arrangements and wider environmental problems, and often led to drains
without out-falls, taps without water, persistent flooding etc. Hygiene promotion and rights and
28

MPUSP Annual Report 2012
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entitlement promotion were further included in MPUSP in order to enhance the health benefits of
improved services and sustain infrastructure provisions (legal tap connections etc).

5.8 Relevant Knowledge Products
With the understanding that an integrated flood management should be a combination of both
structural and non-structural measures with pro-active community involvement, some knowledge
products require to be mentioned as good practice. These are illustrated as good practices in terms
of knowledge products and can adapted to suit the local context for integrated community based
flood management.

5.8.1 Mainstreaming Urban Resilience Planning in Indian Cities - A Policy Perspective
May 2011 29
The Asian Cities Climate Change Resilience Network (ACCCRN) is part of the Rockefeller Foundation’s
Climate Change Resilience Initiative and aims to shape and substantiate strategies to help vulnerable
urban communities cope with the impacts of climate change by creating robust action models of
climate change resilience. Within the overall goal of the ACCCRN, The Energy and Resources
Institute, Delhi (TERI) has prepared a synthesis review on the urban development policy
environment in India, with the needs and requirements for integrating resilience planning in the
urban context. The report also illustrates the multi-tier governance structure and the entry points
for climate change resilience planning in the urban sector.
Stakeholders and entry points for climate change resilience planning

30

The report provides an account of the approaches to climate risk screening such as water logging
and flooding due to an increase in high precipitation events, consequently impacting urban drainage,
waste management, water supply and sanitation, and community health services.
29
30

www.acccrn.org

TERI, 2011 Mainstreaming Urban Resilience Planning in Indian Cities: A Policy Perspective. A Report prepared for the Asian
Cities Climate Change Resilience Network (ACCCRN) in India.
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5.8.2 Manual on Community Approach to Flood Management in India 31
The Manual on Community Approach to Flood Management was prepared as part of the APFM and
published through the WMO. The manual provides an account of several aspects of flood
preparedness, flood rescue and relief, agricultural and livelihood planning, health and sanitation etc.
The manual was developed by conducting studies and stakeholders discussions involving
government functionaries at district and block level in the states of Assam, Bihar and West Bengal.
This was conducted in 2 phases; in the first phase, detailed survey along with PRA was conducted in
selected villages of the three states and in the second phase FGDs were held with village youth,
women, elite groups, victims in the same areas but with change in the district in case of West Bengal
due to logistic reasons. The field work was followed by workshops and training programmes to
generate awareness about the need and potential of community based approaches in flood
management 32.
The field study identified certain inadequacies and inefficiencies in flood management in terms of
community participation primarily due to:
•
•
•

lack of community spirit among villagers’
Inadequate forecasting and warning mechanism that did not match community’s
expectation of prompt warnings about flood at village level
Inadequacies in food and shelter assistance

The manual has examined various strategies and suggested preferred strategy in flood management
which includes:
•
•

•
•

Long term strategy with a thrust on integrated approach to FM
The thrust on Non structural measures that aim at minimising people’s sufferings and
damages to their property and crops etc. through
o flood plain zoning and persuading people to move out of very low lying and
completely unsafe areas in flood plains,
o subsidising flood insurance with due consideration to the vulnerability and economic
conditions of the villager,
o Improving dissemination of flood forecasting and warning information, flood
preparedness, evacuation by involving communities.
Establishment of a community oriented institutional framework
Operational aspects of community approach to flood management that take care of pre
flood, during flood and post flood situations.

5.8.3 National Disaster Management Guidelines - Management of Urban Flooding 33
The guidelines have been formulated and issued by the NDMA as an effort to prepare guidelines for
the management of different disasters and some cross-cutting themes such as community
involvement and participation. After the Mumbai floods of July 2005 which turned out to be an eyeopener and led to realize that the causes of urban flooding are different and so also are the
strategies to deal with them. The guidelines have specific sections with regard to Community
Capacity Development as suggested actions for Strengthening Community Based Disaster
Management efforts.

31
Manual on Community Approach to flood Management in India, Kamta Prasad, The Associated Programme on Flood
Management, 2005
32
Manual on Community Approach to flood Management in India, Kamta Prasad, The Associated Programme on Flood
Management, 2005
33
National Disaster Management Guidelines: Management of Urban Flooding. A publication of the National Disaster Management
Authority, Government of India. ISBN: 978-93-80440-09-5, September 2010, New Delhi.
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6

Climate Change and Potential Impacts on Floods

6.1 Introduction
There is now a great deal of literature on the potential impacts of climate change on water
resources, and by extension on the potential impacts of climate change on floods. Quantifying the
potential impacts of climate change relies on scenario testing. While most global climate models
(GCMs) broadly agree on the direction of change of future temperature for most parts of the world
under most emissions scenarios, there is less agreement on the magnitude and direction of possible
precipitation changes. The outputs of GCMs and nested regional climate models (RCMs) are now
often used in water resources assessments. Typically in water resources, different GCMs would be
used with one or more RCMs for a number of emissions scenarios to produce a range of scenarios of
future climate that can be used as input to hydrological and water resources simulation models to
assess potential impacts on water resources. It is generally accepted that there can be no robust
prediction of future climate evolution, and planning must be undertaken within uncertainty bounds,
but a physics based modelling approach often lies behind this.
With regard to the potential impacts of climate change on future flood magnitudes and frequency,
quantification is very much more difficult and elusive, even in scenario terms. Floods are primarily in
response to discrete high intensity and relatively short duration rainfall events, in contrast with the
long term drought conditions that might be the primary driver in water resources assessments.
Precipitation remains one of the least well represented process in global and regional climate
models, and this is compounded by scale effects. GCMs are typically operating on a grid scale of
about 200 km, and precipitation rates are averaged over very large areas. RCMs might operate on a
grid scale of 25 km, but have boundary conditions derived from GCMs, and again high intensity
localised rainfall may not be well represented. While the present models may not give robust
quantitative estimates of potential future changes in flood producing rainfall events, they will give
an indication of likely trends. The literature thus tends to be qualitative rather than qualitative.
The review presented in the following sections give a background to current expectations with
regard to climate change impact on flood. The review focuses on development issues rather than
the scientific aspects of climate change impacts on floods.

6.2 Literature Review
The United Nations Development Programme (UNDP) "Human Development Report 2007/2008 34"
(UNDP, 2007) broadly highlights the development issues associated with climate change. The
following five key transmission mechanisms are identified through which climate change can stall
and then reverse human development:
i)
ii)
iii)
iv)
v)

agricultural production and food security;
water stress and water insecurity;
rising sea levels and exposures to climate disasters;
eco-system and bio-diversity; and
human health.

The effect on climate change on water is likely to affect humanity most. The effect of climate
change on water will impact on agriculture, ecology and also health related issues. Many reports
project that as a result of climate change, run-off patterns will undergo changes due to snow and
glacier melt, and changes in the rainfall patterns and potential evapotranspiration. There is an
expectation that climate change will result in greater variability in climate and more intense
34

http://hdr.undp.org/en/reports/global/hdr2007-2008/
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extremes of flood and drought. The UNDP report (UNDP, 2007) identifies that it is the poor who are
bearing the brunt of climate change, and that in the future it will be humanity as a whole that faces
the risks that come with global warming:
“In rich countries, coping with climate change to date has largely been a matter of
adjusting thermostats, dealing with longer, hotter summers, and observing seasonal
shifts. Cities like London and Los Angeles may face flooding risks as sea levels rise,
but their inhabitants are protected by elaborate flood defence systems. By contrast,
when global warming changes weather patterns in the Horn of Africa, it means that
crops fail and people go hungry, or that women and young girls spend more hours
collecting water. And, whatever the future risks facing cities in the rich world, today
the real climate change vulnerabilities linked to storms and floods are to be found in
rural communities in the great river deltas of the Ganges, the Mekong and the Nile,
and in sprawling urban slums across the developing world.”
The report further observes that “it may also be noted that unlike people living behind the flood
defences of London and Los Angeles, young girls in the Horn of Africa and people in the Ganges Delta
do not have a deep carbon foot print. Obviously, the poorer and developing nations have a greater
challenge and have to put a lot more efforts in addressing the issues”.
A similar theme is found in the United Nations World Water Development Report 2 "Water a Shared
Responsibility 35" (UNESCO, 2006) states that “…in many countries there is a huge deficit of water
storage and flood protection infrastructure at all levels and scales, which will be aggravated,
especially in the light of increased climate variability and volatility”.
With respect to India, the World Bank report titled “India’s Water Economy Bracing for a Turbulent
Future 36” (World Bank, 2005) identifies some critical issues.
“What does seem likely is that climate change will increase the variability of already
highly-variable rainfall patterns, requiring greater investments in managing both
scarcity and floods.
•

The area affected by flooding, which has not changed systematically in decades
is likely to increase substantially since many of the flood-prone areas will be
affected by changes in glacial behaviour and precipitation in the Himalayas.

•

There are major regions, including many of the most highly productive
agricultural and industrial regions of India, where water scarcity is already a fact
of life.

•

Water scarcity is going to become widespread in India in a future which is, given
the fact that changing water use habits takes decades to effect, just around the
corner.

What, then, are the implications of these changes? Despite the many uncertainties,
they include:
•

35
36

A need for large investments in water storage. As described earlier, India actually
has relatively little capacity to store water. For example, whereas there is about
900 days of storage capacity on the Colorado and Murray-Darling Rivers, there is
only about 30 days of storage capacity in most of India’s river basins.
Accordingly, major investments need to be made to increase capacity to store
water, in both surface water and ground-water reservoirs, in projects small (like
local rainwater harvesting) and big (such as large dams). In so doing, however,

http://www.unesco.org/new/en/natural-sciences/environment/water/wwap/wwdr/wwdr2-2006/
https://openknowledge.worldbank.org/handle/10986/8413
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there is a need for concomitant adoption of quite different development and
management strategies. In addition to expanding irrigated area (the principal
justification for most projects), care needs to be taken to safe-guard existing
downstream uses, and attention also needs to be paid for improving the
reliability of supplying existing demands and for meeting historically deprived
environmental uses.
•

The melting of the glaciers offers India a window of opportunity, first, to make
productive use of this ‘windfall’, but also to understand that this window should
be used to prepare for the very hard days, with substantial flow reductions in the
Himalayan region, which lie ahead.

•

While the exact shape of the future climate regime is uncertain, it is very likely
that there will be greater variability – both of droughts and floods. As was shown
in a detailed examination by the National Atmospheric and Oceans
Administration of US water practices, the best preparation for managing
unpredictable future changes is to put in place a water resource infrastructure
and management system which is driven to a much greater degree by knowledge
(including but not limited to hydrologic knowledge), and which is designed and
operated to be much more flexible and adaptive.

•

Flooding, which already affects large areas of the poorest parts of India
(including Bihar and the Northeast), has yet to be effectively addressed. The
standard response in India has been to build embankments and to advocate the
construction of large dams and embankments as the solutions to the problem.
India is only now starting to explore the combinations of ‘hard’ interventions (to
protect high-value infrastructure) and ‘soft’ interventions (smart adaptation to
living with floods, including changing land use patterns and cropping patterns,
and construction of emergency shelters for people and animals), which have
been used to considerable effect in countries as diverse as the United States and
Bangladesh, and are globally-accepted best practices.

•

With respect to scarcity, there is a pervasive complacency – ‘we have muddled
though up to now and we will find a way to muddle through in the future’—on
the part of many in government and citizens. This has been compounded by the
recent perception (which is likely to be temporary) that ‘the Indian economy is no
longer dependent on the vagaries of the monsoon’.

This muddling through has worked because it has been possible for farmers, citydwellers and industries to ‘exit’ from unsatisfactory public supply systems by tapping
once-abundant groundwater. But now the well is running dry, and with it the exit
option is becoming tenuous in more and more parts of the country. The challenges,
to which we return later in this report, are: to greatly improve the robustness and
flexibility of water resource management systems; to improve the flexibility and
quality of service provided by the major public water supply and irrigation systems;
and to develop government/citizen partnerships for managing ground-water in a
sustainable manner.” (World Bank, 2005)
A further report by World Bank entitled “Climate Change Impacts in Drought- and Flood- Affected
Areas: Case Studies in India 37” (World Bank, 2008) presents the results of specific studies as well as
more generally applicable observations and conclusions:

37

https://openknowledge.worldbank.org/handle/10986/8075?show=full
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“16. The assessment suggests that the probability of flood frequency and its intensity
could increase dramatically. The hydrological model projects daily outflow discharges
at a gauge station (located at Naraj (northwest of Jagatsinghpur and Puri). The
results show that in the A2 and B2 scenario, the probability of flooding will increase
substantially. As an example of the implied magnitudes, the probability that
discharge may exceed, say, 25,000 cumecs (cubic meters per second) is low (about
two to three times 2 to 3 times in 100 events) in the baseline. But under climate
change, this is projected to rise to about ten times in every 100 events (Figure 5.6).
Changes of this scale will have significant implications for the type and location of
hydrological infrastructure that will be needed to protect communities and their
assets and highlight the need for better forecasting tools to identify priorities for
structural interventions
21. Against a background of more intense and frequent flood risks, it is necessary to
ask whether current policies and institutional structures will provide effective
protection to vulnerable communities. Orissa, like other states in India, has achieved
remarkable success in countering the most extreme effects of floods (Dreze and Sen
1989). When floods strike, an elaborate relief machinery comes into operation with
rapidly arranged protective policies, including employment schemes, cash and food
disbursements, health care and shelter (Box 5.2).
24. The current emphasis on relief and structural solutions is necessary, but not
sufficient to build flood resilience. Relief is an essential part of flood policy and is
needed to alleviate suffering and distress. But it is limited in its effectiveness, as it
does not address one of the root cause of vulnerability – the exposure to climate
risks. With climate change projected to bring far greater flood risks, the already high
cost of relief could rise dramatically. More importantly, an overemphasis on relief
could blunt incentives to shift to more climate-resilient activities and prolong
dependence on flood-sensitive livelihood.
25. Structural solutions are also necessary but are seldom sufficient to assure full
protection. History shows that public (rather than decision makers) tend to become
complacent about the level of protection that any engineering solution can provide.
Structural measures can never offer complete safety, for all possible events, so
residual risks on the community will remain. With climate change and the
expectation of more extreme events, these risks will increase over time. This suggests
that there is need to complement structural and relief solutions with policies that
build community resilience to floods.” (World Bank, 2008)
The Ministry of Environment & Forests in “India's Initial National Communication to the United
Nations Framework Convention on Climate Change 38 ” (Ministry of Environment and Forests,
Government of India, 2004) makes numerous statements on the potential impacts of climate change
on floods. Some of these are reproduced below.
“India has reasons to be concerned about the impacts of climate change. Its large
population depends on climate-sensitive sectors like agriculture and forestry for
livelihoods. Any adverse impact on water availability due to recession of glaciers,
decrease in rainfall and increased flooding in certain pockets would threaten food
security, cause die back of natural ecosystems including species that sustain the
livelihoods of rural households, and adversely impact the coastal system due to sea
level rise and increased frequency of extreme events. Apart from these, achievement

38
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of vital national development goals related to other systems such as habitats, health,
energy demand, and infrastructure investments would be adversely affected.
Water is a precious natural resource supporting human activities and ecosystems,
and at the same time very complex to manage judiciously. The hydrological cycle, a
fundamental component of climate, is likely to be altered in important ways due to
climate change. Using the SWAT (Soil and Water Assessment Tool) water balance
model for hydrologic modelling of different river basins in the country, in
combination with the outputs of the HadRM2 regional climate model, preliminary
assessments have revealed that under the IS92a scenario, the severity of droughts
and intensity of floods in various parts of India is likely to increase.
Droughts and Floods: It has already been noted that the Indian summer monsoon is
a very stable and dependable source of water for the region. Superimposed on this
stable picture are seemingly small year-to-year changes that can be spatially quite
extensive. However, even such small changes constitute significant inter-annual
variability, leading to widespread drought and flood situations. Instrumental records
over the past 130 years do not indicate any marked long-term trend in the
frequencies of large-scale droughts or floods in the summer monsoon season. The
only slow change discernible is the alternating sequence of multi-decadal periods of
more frequent droughts, followed by periods of less frequent droughts. This feature
is part of the well-known epochal behaviour of the summer monsoon. See Box 3.2 for
impacts of floods and droughts in India.
The increasing probability of floods and droughts and other uncertainties in climate
may seriously increase the vulnerability of eastern India and of resource-poor
farmers to global climate change. Policies that encourage crop insurance can provide
protection to farmers in the event their farm production is reduced due to natural
calamities. In view of these climatic changes and the uncertainties in future
agricultural technologies and trade scenarios, it will be very useful to have an early
warning system of environmental changes and their spatial and temporal
magnitude. Such a system could help in determining the potential food insecure
areas and communities, given the type of risk. Modern tools of information
technology could greatly facilitate this.” (Ministry of Environment and Forests,
Government of India, 2004)
The issues related to impact of climate change on water resources were also considered by the
"Report of the Working Group on Water Resources for the XI Five Year Plan (2007-2012) 39" (Ministry
of Water Resources, Government of India, 2006). The following are observations from the report:
“The impending climate change, caused by the GHG emissions, is now an established
fact. The meteorologists have developed a set of mathematical models known as
GCM. These models can be used to simulate the behaviour of the atmosphere and
paint “what if” scenarios for various levels of GHG emissions. Using these models,
the weather experts have predicted that global warming will intensify the hydrologic
cycle; more intense rainfall will occur in fewer spells; the floods and droughts both
will become more intense; the floods will be more frequent; the rainfall will shift
towards winter; and there may be a significant reduction in the glaciers mass,
resulting in increased flows in the initial few decades but substantially reduced flows
thereafter.
So far, the discussion on climate change is mostly taking place in the domain of
atmospheric physics. The hydrologists are yet to translate what it means for the
39

http://planningcommission.gov.in/aboutus/committee/wrkgrp11/wg11_wr.pdf

Page 72

July 2013

Operational Research to Support Mainstreaming of Integrated Flood Management under Climate Change

water availability, its distribution in time and space, and changes in demand. An
increase in mean temperatures would increase the energy flux for
evapotranspiration. The increased potential evapotranspiration in the forests could
trigger major changes in the environment, and in the farms it would result in an
increased crop water requirement. The changes in seasonal temperatures could
change the crop seasons. The discussion on climate change is now emerging out of
descriptive phase and entering the quantitative phase. Enough data is now available
to paint “what if” scenarios for different possibilities, and to formulate some
tentative plans to respond to these possibilities. It is an accepted fact that even in the
post climate change scenario, systems that are more controlled will fare better than
systems that are less controlled. In water resources parlance, control means
engineering infrastructure that enables the water managers to store and transfer
water with greater certainty, thus reducing the impact of uncertainty. Therefore,
dealing with climate change is going to require more infrastructures.” (Ministry of
Water Resources, Government of India, 2006)
In "India’s Second National Communication to the United Nations Framework Convention on Climate
Change 40" (Ministry of Environment and Forests, Government of India, 2012) further observations
are made on the potential impacts of climate change on human settlements and on floods:
“Impact and Vulnerability of Climate Change on Human Settlements
With increasing urbanization, the understanding of the impacts of climate change on
the urban environment has become even more important. The climate change
presents unique challenges for urban areas and their growing populations. These
impacts are a result of the climatic changes such as warmer and more frequent hot
days and nights over most land areas; fewer cold days and nights in many parts of
the world; increase in the frequency of warm spells/heat waves over most land
areas; increase in the frequency of heavy precipitation events over most areas;
increase in areas affected by drought; increases in intense tropical cyclone activity;
and increase in the incidence of extreme high sea levels in some parts of the world.
Beyond the physical risks posed by the climatic changes, some cities will face
difficulties in providing basic services to their inhabitants. These changes will affect
water supply, physical infrastructure, transport, ecosystem goods and services,
energy provision, and industrial production. Local economies will be disrupted and
populations will be stripped of their assets and livelihoods. The impacts of climate
change will be particularly severe in low-elevation coastal zones, where many of
India’s largest cities are located.
Climate change causes vulnerability of human settlements, which is mainly related to
extreme weather events, and such gradual changes in the climate exceed the
adaptive capacity of human systems. Climate change adds to the existing stress on
the sustainability of human settlements and society.
The concentration of urban development in a few large cities has led to tremendous
pressure on civic infrastructure systems like water supply, sewerage and drainage,
solid waste management, parks and open spaces, and transport. It has also led to
the deterioration in the quality of city environment. In several cities, the problem of
traffic congestion, pollution, poverty, slums, crime, and social unrest are assuming
alarming proportions. Climate change is likely to exacerbate the existing stresses
that these settlements already face. It may also impact the measures that are being
undertaken for sustainable development of these areas. Climate change impacts are
40
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felt locally—in cities, towns, and other human settlements. Due to rapid
urbanization, cities are more at risk, given the existing environmental, economic and
social problems. The cities with large concentration of population, property, and
crucial economic assets and infrastructure are highly vulnerable.
Climate change could affect water supply systems in a number of ways. It can affect
the water demand for drinking and cooling systems. Where climate change leads to
the failure of small local water sources such as wells, it could lead to greater demand
for regional water supplies. Changes in precipitation patterns could lead to reduction
in water availability and fall in water tables. In coastal areas, it could lead to saline
intrusions in rivers and groundwater. Loss of melt water could reduce river flows
during critical times. A change in water availability and supply also affects sanitation
and drainage systems.
When water supplies reduce, sewerage systems also become vulnerable. Further,
sewage treatment plants are vulnerable to floods or sea level rise, as these are often
located near rivers or seas. Where the sewer outfalls are in the sea, sea level rise will
affect the functioning of such systems. Storm water drainage systems could become
frequently overloaded and cause flooding, and heavy storms become more frequent
due to climate change. The impact of inadequate drainage systems in cities like
Mumbai is already being felt, leading to flooding and huge economic losses. More
frequent floods could also present a significant threat if these lead to contamination
of flood water with faecal material. Climate change may impact the transport and
other infrastructure due to extreme local climatic experience, leading to significant
economic losses. Rising sea levels in the coastal area would increase the risk of
flooding and increase the vulnerability of communities residing in these areas,
especially the poor.
The urban heat island effects could get exacerbated due to increase in baseline
temperatures, affecting climatic comfort of the urban population and may
consequently lead to additional costs in climate control. The vulnerability of human
populations varies with economic, social, and institutional conditions. Approximately
one person in six worldwide lives in slums.
The poor and the marginalized have little capacity to adapt to changes in climate by
adopting such mechanisms as air conditioning or heating. The traditional coping
mechanisms of these vulnerable communities may be overstretched due to
additional stresses related to climate change. Climate change threatens the homes,
livelihoods, and health of the urban poor. When disaster strikes, their homes may be
damaged or destroyed and they may be unable to travel to work, causing loss in
money for food and other basic needs. Drought, floods, and storms in the rural areas
have increased migration to cities. Poor people often live in informal settlements on
land, which is susceptible to climate change—floodplains, coastal lowlands or
unstable hill sides. Drain and culverts are frequently blocked with rubbish. Slum
dwellers often lack secure tenure, proper shelter, water, sanitation, electricity, and
other services. Most have no insurance. Climate change may add to their problems.
River and inland flooding and extreme rainfall events:
Climate change is also expected to increase the severity of flooding in many Indian
river basins, especially in the Godavari and Mahanadi along the eastern coast. Floods
are expected to increase in north-western India adjoining Pakistan and in most
coastal plains, in spite of existing upstream dams and “multi-purpose” projects. An
extreme precipitation is expected to show a substantial increase in some parts of the
country. Sanitation infrastructure is the main determinant of the contamination of
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urban flood water with faecal material presenting a substantial threat of enteric
diseases. In addition to flood hazards, more extreme rainfall events associated with
climate change will also cause hazards from landslides in many urban centres in the
hilly regions. Dealing with likely increase in risks associated with storm water will
require a significant revision of urban planning practices across cities in the floodaffected regions. Flood and climate change migration and adaptation measures will
have to be integrated into day-to-day urban development and service delivery
systems. Due to higher precipitation in more intense events, there is a need to
increase the margin of design safety to enhance the hydraulic capacity of the
sections. This will result in additional investments.
Cyclonic storms, storm surges, and coastal flooding:
Yet another important climate change induced risk is that of cyclonic storms, storm
surges, and accompanying coastal inundation. The high concentration of population,
especially on the eastern coast, has led to extremely high vulnerability in this region,
leading to devastating loss of life and property. The 1999 Orissa super cyclone killed
over 10,000 people and devastated buildings, lifeline infrastructure, and economic
assets across 10 coastal and six inland districts, which included a number of towns
and cities, due to mix of devastating storm surges, cyclonic winds, and coastal
flooding.
Cyclones and storm surges could have a devastating impact on large urban centres,
including the mega cities of Mumbai and Chennai, the million plus cities of
Vishakhapatnam and Surat as well as other cities like Bharuch, Bhavnagar, and
Jamnagar apart from leading to critical bottlenecks in important ports such as
Kandla. Increased migration to the coast, powered by huge investments in coastal
infrastructure, settlements and enterprises, could lead to a substantial rise in losses.
Sea level rise:
It is estimated that sea level rise by 3.5 to 34.6 inches between 1990 and 2100 would
result in saline coastal groundwater, endangering wetlands and inundating valuable
land and coastal communities. The most vulnerable stretches along the western
Indian coast are Khambat and Kutch in Gujarat, Mumbai, and parts of the Konkan
coast and south Kerala. The deltas of the Ganga, Krishna, Godavari, Cauvery, and
Mahanadi on the East Coast may be threatened, along with irrigated land and a
number of urban and other settlements that are situated in them. The loss of these
important economic and cultural regions could have a considerable impact in some
states.” (Ministry of Environment and Forests, Government of India, 2012)
In Report #2 of Indian Network for Climate Change Assessment (INCCA) entitled “Climate and India:
A 4x4 Assessment: A Sectoral and Regional Analysis for 2030s 41” (Ministry of Environment and
Forests, Government of India, 2010) a chapter is included on water, making a number of specific
references to flood:
“Further, extreme conditions of floods and droughts are a common feature, which
affect the availability of water for various purposes. The Rashtriya Barh Ayog (RBA)
estimates that 40 million hectares (mha) of area is flood-prone and this constitutes
12% of total the geographical area of the country. Droughts are also experienced due
to deficient rainfall. It has been found that an area of 51mha is drought prone and
this constitutes 16% of the total geographical area. Added to this is the growing
demand for water. The population of the country has increased from 361 million in
1951 to 1.13 billion in July 2007. Accordingly, the per capita availability of water for
41
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the country as a whole has decreased from 5,177 cubic metres per year (m3/year) in
1951 to 1,654m3/year in 2007. Gupta and Deshpande (2004) estimated that the
gross per capita water availability in India will decline from about 1,820m3/yr in
2001 to as low as about 1,140 m3/yr in 2050. This, of course, does not include the
impacts of climate change. According to India’s Initial National Communication to
United Nations Framework Convention on Climate Change (NATCOM, 2004), climate
change is likely to adversely affect the water balance in different parts of India due
to changes in precipitation and evapo-transpiration and rising sea levels, leading to
increased saline intrusion into coastal and island aquifers. Increased frequency and
severity of floods may affect groundwater quality in alluvial aquifers. Increased
rainfall intensity may lead to higher runoff and possibly reduced recharge.”
“8.4 Review of Projections of climate change on water resources in India
Flooding conditions may deteriorate in the Mahanadi and Brahmani river systems.
Further, climate change may increase the severity of droughts and intensity of floods
in the various parts of the country.
The snowline and glacier boundary are sensitive to changes in climatic conditions.
The mean equilibrium line altitude at which snow accumulation is equal to snow
ablation for glaciers is estimated to be 50–80m higher, relative to the altitude during
the first half of the nineteenth century (Pender, 1995). A warming is likely to rapidly
increase the rate at which glaciers are melting, leading to greater ablation than
accumulation. Glacier melt is expected to increase under changes in climate
conditions, which would lead to increased summer flows in some river systems for
few decades, followed by a reduction in flow as the glaciers disappear (IPCC, 1998).
Further, extreme precipitation events have geo-morphological significance in the
Himalayas where they may cause widespread landslides (Ives and Messerli, 1989).”
“8.6.2 Flood Analysis
The vulnerability assessment with respect to the possible future floods has been
carried out using the daily outflow discharge taken for each sub-basin from the
SWAT output. These discharges have been analyzed with respect to the maximum
annual peaks. Maximum daily peak discharge has been identified for each year and
for each sub-basin. Analysis has been performed to earmark which are the basins
where flooding conditions may deteriorate under the GHG scenario. The analysis has
been performed ascertain the change in magnitude of flood peaks above 99th
percentile flow under baseline (1961-1990) and mid century scenario (2021-2050).
It may be observed that all the regions show an increase in the flooding varying
between 10 to over 30% of the existing magnitudes. This has a very severe
implication for the existing infrastructure such as dams, bridges, roads, etc., for the
areas and shall require appropriate adaptation measures to be taken up.” (Ministry
of Environment and Forests, Government of India, 2010)
A specific strategy related to flood i.e., “systematic approach for coping with floods” is included
under the goal “Focused attention to vulnerable areas including over-exploited areas” of the
National Water Mission.

6.3 Government of India Initiatives in Respect of Climate Change Impacts on
Water Resources
A number of initiatives have been taken by the Government of India to progress climate science in
India, and to improve understanding of potential climate change impacts. Some of the more
important initiatives are summarised below.
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Constitution of Standing Committee for assessment of impact of climate change on water
resources: Ministry of Water Resources constituted a Committee for “Snowmelt Run-off and its
Assessment” under the Chairmanship of Member (RM), CWC in March 2006. Realizing the
importance of impact of climatic change on water resources characteristics in general and that on
the glacier-melt and snow-melt in particular, the Ministry re-constituted this committee as the
Standing committee for “Assessment of Impact of Climatic Change on Water Resources” under the
Chairman, CWC in September 2007.
Research Project: The Ministry of Water Resources awarded a research project titled “Assessment of
Water Resources under Climate Change Scenario at River basin Scale” to Indian Institute of Science,
Bangalore in 2006. The study has since been completed.
Action Plan for Studies and Research: In the year 2007, Ministry of Water Resources prepared short
term as well as long term action plan for undertaking studies and research in respect of impact of
climate change on water resources. As a part of the action plan, a report entitled “Preliminary
Consolidated Report on Effect of Climate Change on Water Resources” was prepared jointly by
Central Water Commission and National Institute of Hydrology in 2008 (Central Water Commission
and National Institute of Hydrology, 2008). Details of the action plan are given in the report which
also summarizes various studies completed or taken by various organizations in India on the subject
of “impact of climate change on water resources”.
Establishment of Professorial Chairs: With the objective of promoting focused studies on climate
change impacts on water resources, the Ministry of Water Resources took the initiative of
establishing professorial chairs in 2008. Professorial Chairs have been established in six academic
Institutes:
•
•
•
•

Indian Institute of Technology, Roorkee;
National Institute of Technology, Srinagar;
Indian Institute of Technology, Kanpur;
National Institute of Technology, Patna.

It is intended that the Indian Institute of Technology, Roorkee and National Institute of Technology,
Srinagar will focus their studies in respect of issues related to the Indus basin. The Indian Institute of
Technology, Kanpur, and National Institute of Technology, Patna, will take up studies and research
related to Ganga basin. The focus of the studies and research by Indian Institute of Technology,
Guwahati, and Indian institute of Technology, Kharagpur will be the Brahmaputra basin.
National Institute of Hydrology: The NIH has undertaken a number of studies related to climate
change impacts and has also published a special edition of “Jalvigyan Sameeksha” (Hydrology
Review), which includes a compilation of technical papers on the theme of climate change impacts
on water resources, and also a report on the effects of climate change on water resources (National
Institute of Hydrology, 2006).
“Climate Change Cells” have also been established in the CWC, NIH, the Brahmaputra Board and the
Central Ground Water Board.
The “Preliminary Consolidated Report on Effect of Climate Change on Water Resources” (Central
Water Commission and National Institute of Hydrology, 2008) presents a summary of studies taken
up by various institutions in India as under. The descriptions of these are summarised below:
“4.5 Initiative taken/Studies conducted by different Organizations
The information about various organizations and academic institutes involved or
which have carried out studies with respect to effects of climate change on water
resources aspects in particular has been collected from various sources and given in
brief in alphabetic order below. There are other many organizations which are
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contributing in the related fields of water resources which will be appended as the
information is received.
Allahabad University: Allahabad University, has taken up few studies on real time
trace analysis of ice cores and prediction of Indian monsoon behaviour using
Antarctic sea ice concentration.
BSIP: has developed a strong knowhow in the field of palaeo-climatic reconstruction
through tree ring and palynology. The scientists have also attempted correlation of
glaciological events by pores and pollen studies.
CSRE, IIT, Bombay: is utilizing SAR interferometry for monitoring glacier movement
on Gangotri and Siachen glaciers. CSRE is also taking up work on optical and
microwave remote sensing for mapping of the snow cover and glaciological studies.
The center has also organized training courses and workshops on snow/ ice studies
aided with remote sensing.
DIAT: has undertaken studies on snow physics, snow mechanics and avalanches
modelling.
DST: is involved in coordinating the glaciological programme in the country through
PAMC-HG. It also financially supports the approved field projects and organisation of
training courses and seminar / symposiums through other central/state
organisations and institutes and also provides guidance.
GB Pant Institute of Himalayan Environment and Development, Almora: carries out
studies on hydrometry, estimation of suspended sediment load and its
characteristics. The projects undertaken include Gangotri glacier. A new centre of
this institute has also become operational in Sikkim. Some proposed area of study
include: (i) “Glacier response function, and climate change impact” for already
established Glacier field stations at Gangotri and Milam to understand impact of
climate change on glaciers and on watershed benefits provided by Himalayan
glaciers to downstream areas; (ii) “Environmental and social Consequences:
vulnerability assessment and coping mechanism” to focus on (a) Analysis on
sufficiency of long-term climate data for clear understanding of extreme events in
the form of flash flood, cloud burst or GLOF and associated vulnerability and risks
assessment in Himalayan context, (b) Developing community based coping
mechanism for the Indian Himalayan region, and Increasing awareness about the
glacier retreat extreme and other related disaster among the dwellers of the area; (c)
“Capacity building and training” to start regular student and research staff trainings
in collaboration with other expert organizations in order to cater to specific training
needs both in the laboratory and field conditions before employing manpower for
actual studies to overcome acute shortage of trained manpower on glacier and other
high mountain studies in harsh climatic conditions.
GSI: is the primary organization for making inventory of the glaciers in the country
and to monitor them. Glaciological studies in GSI date back to 1840. During 18511973 the glaciological studies were confined to mapping of glacier snout and geomorphological studies. With the inception of Glaciology Division in 1974, the
department has taken great strides and carried out studies on all the aspects of
glaciology including mass balance, hydrometry, suspended sediment, dynamics,
secular movement, glacier inventory, palaeo-glaciation, etc. The department is also
engaged in human resource development through conductance of glaciology training
courses. Several seminars/ workshops have also been organized.
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HNB Garhwal University, Srinagar, Uttarakhand: has undertaken studies on
monitoring of glacier snout, glacial geo-morphological mapping, etc. in parts of
Bhagirathi and Mandakini valleys.
IITM: is engaged in collation and analysis of climate data collected by various
organisations and has also carried out extensive studies on paleo-climatic
reconstruction. It functions as a national centre for basic and applied research. It is a
unique research organisation in South-Asia covering almost all aspects of
atmospheric sciences and meteorological research. IITM is active in studying longterm climate change from observed and proxy data as well as model diagnostics and
assessment of climatic impacts, with a particular focus on the Indian summer
monsoon.
IISc Bangalore: is working on a project sponsored by INCOH titled as “Assessment of
water resources under climate change scenarios at river basin scale” and a
collaborative research proposal with Columbia University is also under process on the
related subjects.
IIT Delhi: is contributing a lot in various institutions of the Government like NATCOM
and published a report on “Assessment of climate change impacts on water
resources” besides other related works.
IIT Roorkee: has done few studies on snow characteristics and snow cover mapping
using remote sensing techniques.
IMD: is the main organization for meteorological data collection through its
observation network located across the country. It provides current and forecast
meteorological information to the country, warns against severe weather
phenomena like tropical cyclones, norwesters, duststorms, heavy rains and snow,
cold and heat waves, etc. It has mandate also to conduct and promote research in
meteorology and allied disciplines.
JNU: The School of Environmental Science and Centre for the Study of Regional
Development are actively involved in glaciological research. School of Environmental
Science has developed specialisation in the study of hydro-chemical characteristics
and discharge measurement while Regional Development Centre has carried out
studies related to glacial geomorphology, palaeo-geographic and palaeo-climatic
reconstruction along with monitoring of snout. School of Environmental Science has
also organized training course and seminar/ workshop.
Jammu University, Jammu: Department of Geography, Jammu University has carried
out studies on glacial geo-morphological mapping, monitoring of glacier snout,
glacial sediments, etc on Naradu Bamak glaciar, Himachal Himalaya and Durung
glacier, in J&K Himalaya.
Lucknow University, Lucknow: The centre for Advance studies in Geology has carried
out studies on lichenometry, glacial geomorphology, monitoring of glacier snout, etc
of Gangotri glacier. At present studies are being undertaken on Pindari glacier,
Kumaon Himalaya.
NCAOR: is an autonomous institution under Department of Ocean Development. The
centre is designated as nodal agency for coordination and implementation of India’s
Antarctic Programme including maintenance of Indian station in Antarctica, besides
various other research activities.
NIH: is involved with discharge measurement of glacier melt water, estimation of
suspended sediment load, snow cover assessment and runoff modeling, etc. It has
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also carried out few studies on glacier snout monitoring. The glacier studied include
Gangotri, Dokriani, etc. The institute has organized several workshops and seminars.
Palampur University, Palampur: an attempt has been made on compilation of
glacier inventory of part of Himalaya using GPS and WGS 84 data by the University.
PRL: has carried out studies on dating of glacier ice using isotopes. It has also acted
as member of the expeditions launched by GSI and DST.
SAC: through its water studies division has developed a strong knowhow in the field
of application of remote sensing, both optical and microwave, in the studies of snow,
ice and glaciers. The work included glacier inventory, snow cover assessment, glacier
mass balance and monitoring of glacier snout. The centre has also organized a short
term training course in optical and microwave remote sensing.
SASE: is involved in mapping and monitoring of snow cover using satellite data
studies on snow characteristics including snow mechanics, snow physics,
metamorphism, avalanche studies including forecasting and their control. It has
established a network of automatic weather stations and collecting valuable
meteorological data. SASE has taken up studies on snow melt runoff of Parvati basin
(in collaboration with SAC, Ahmedabad) and glacier faces using SAR data (in
collaboration with IIT, Bombay). It has also organized several international and
national seminars/workshop from time to time.
SOI: provides the topographic maps on various scales. It has been a member of the
earlier expeditions launched by GSI and DST. It has also published inventory of some
of the large Himalayan glaciers.
UPRSAC: has carried out studies on monitoring of snow cover using optical and
microwave remote sensing, glacial hydrology through spectral response of meltwater along with dynamics of surging glacier.
WIHG: has been engaged in studies on glacier mass balance, flow, snout mapping,
etc of Dokriani glacier. It has also participated in the DST sponsored expedition to
Chhota Shigri glacier. Some work on glacier inventory using GPS & WGS 84 data has
also been carried out.” (Central Water Commission and National Institute of
Hydrology, 2008)
The Ministry of Water Resources has also constituted “Indian National Committee on Climate
Change (INCCC) for promoting research and studies in the area of “impact of climate change on
water resources”. Specific areas identified for promoting research include: (a) downscaling of
climate change models; (b) assessment of impact of climate change on water resources; (c)
adaptation strategies for changing climate scenario; and (d) studies identified under National Water
Mission. Climate downscaling studies are about to be undertaken at IIT Bombay and IIT Delhi. At IIT
Bombay the focus will be on statistical downscaling, while at IIT Delhi there will be a focus on
dynamic downscaling, and co-ordination of dynamic downscaling work at a number of other
institutes. The results of the downscaling work will be used in subsequent studies to assess the
impacts of climate change on water resources. Studies seven basins will be taken up by a number of
research groups.
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7

Conclusions from Reviews of Flood Practices

7.1 International Practices
The concept of Integrated Flood Management as outlined and promoted by the APFM is being
adopted in many countries. Implementation of the approach is well established in Europe where the
EU Floods Directive gives a very clear description of what is expected of member states.
Central to the development of integrated flood management plans is the creation of river basin
organisations (RBOs). Different models exist for RBOs. In England and Wales, the Environment
Agency is an executive non-departmental public body that develops and implements IFMPs. This is a
very neat organisational model and the agency has the role of a RBO. In other countries different
models exist where responsibilities for flood management are dispersed between different
organisations and states in a river basin. In these cases the role of a RBO is as a central co-ordinating
body. The International Commission for the Protection of the Danube River (ICPDR) is an example
of a model that could map to the river basins of India. On a much smaller scale, the role of SEPA in
Scotland as a co-ordinating body is another example of where RBO functions can be performed
without divesting responsibilities from organisations that have a current role. The keys to successful
IFM are transparency, cooperation, co-ordination, inclusion and solidarity.
The fundamental building blocks for creation of an IFMP for any particular basin are as follows:
•
•
•
•
•
•
•
•
•

digital terrain model for catchment delineation;
digital terrain model of floodplains (ideally based on LiDAR);
catchment land-use and soils data (derived from satellite imagery);
hydrological rainfall-runoff modelling to produce flood hydrographs at a range of return
periods;
river cross sections for the length of river that creates significant flood, and survey of bridge
/ culvert openings and other features that may restrict flow;
computational hydraulic modelling to produce flood inundation or flood hazard maps at a
range of return periods;
detailed floodplain land-use mapping using satellite imagery (roads, embankments,
commercial and industrial properties, public utilities (e.g. water treatment, electricity substations, etc.), residential properties and property classifications);
survey of levels of roads and typical floor levels of properties in the floodplain;
flood risk mapping (combination of flood hazard maps with land-use).

Once flood risk maps are prepared it is possible to begin creation of the IFMP. It is necessary to
establish planned developments: urban expansion & urban infrastructure, roads, railways, water
supply, waste disposal, power, agriculture and irrigation, forestry etc. Then follows identifying and
evaluating potential flood mitigation measures - structural and non-structural.
It is clear that non-structural measures have to play an increasing role in flood management. With
increasing flood hazards and risks, residual risk is increasing. For existing flood defences, it is likely
in many places that the standard of protection is declining with increasing flood frequency and
magnitude under climate change.

7.2 Flood Management Practices in India
7.2.1 Technical and Planning Aspects
The review of current flood management practices in India has led to a number of conclusions with
regard to issues that should be addressed as a part of Phase II of this ADB TA:
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i)

In view of the fact that various recommendations made by committees considering flood
issues in the past have not been implemented, it is of paramount importance to undertake a
detailed examination to identify the practical difficulties and possible reasons that have
prevented implementation of various recommendations that were considered most
appropriate at the time of finalization of the committee reports. This would require
examination of not only the technical and institutional aspects but also the social and
financial aspects. It is clear from many past reports that the requirements of IFRM are well
understood, but the modality for its implementation has yet to be found.
ii) In preparing all future reports, emphasis should be not only be on ‘ideal’ or ‘most
appropriate’ solutions. The solutions must be practical and implementable.
iii) The activities related to flood management (particularly flood forecasting) require highly
specialized technical units with experts from the field meteorology, hydrology,
communication etc. Government policy of moving staff is not conducive to the
sustainability of specialized units, and the opportunities that exist for specialised staff in the
private sector need to be recognised when reviewing pay and promotion prospects.
iv) A number of hydrological models have been developed for selected flood forecasting sites
with the objective of improving the accuracy of flood forecasts and also to increase the
warning time. However, these models are not being widely used and earlier models based
on statistical relationships are still in use. The reason for the slow uptake of improved
modelling approaches needs to be assessed.
v) Despite several recommendations and some pilot studies into flood inundation modelling,
the flood forecasts are still in the form of water level forecast. Forecast of the likely
inundated areas due to incoming floods are still not made. There must be an assessment of
how inundation forecasts can be more widely introduced.
vi) Design criteria for flood embankments, and particularly freeboard allowances should be
reviewed in the light of the longer hydrological records that now exist, and with adoption of
integrated flood risk planning which would include structural as well as non-structural
measures.
vii) Community participation has been advocated by almost all of the committees and experts
that have addressed flood issues, and several pilot projects have been implemented.
However, a working model eludes. Investigations need to identify the most appropriate
models for community participation during the course of (a) planning and design, (b)
implementation, and (c) operation and maintenance etc.?
viii) Benefit cost analysis is a pre-requisite for appraisal and acceptance of flood control projects.
However, existing procedures and guidelines for assessment of benefits continue to be
questioned, particularly with regard to the indirect benefits which are large and not properly
accounted for.

7.2.2 Institutional Aspects
From the institutional perspective, FRM responsibilities can be grouped into two broad roles i.e. i)
flood forecast and warning system and ii) food mitigation measures. While flood forecast is the
mandate of Central Water Commission, dissemination of flood warning and implementation of flood
mitigation measures fall in the domain of the state revenue department and technical arms of the
state governments. Based on the current understanding, improvements to the existing
arrangements are suggested below. This will be updated and fine tuned after the detailed focal subbasin scoping study.
Flood loss estimates: There are divergent flood damage estimates within and between states, and
the Central Water Commission depends on state inputs for national estimates. Flood damages are
currently estimated based on simplified assumptions, because the existing data is insufficient for an
accurate assessment. These assessments need to be improved, and assessments of indirect
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damages included also. There is a requirement to develop standardised approaches to flood damage
estimation that can be used at the state level.
Flood Management Programs: Flood Management Program Guidelines follow a scheme based
approach focusing primarily on resource allocation between the centre and the states for flood
mitigation. The resource provision for prevention and preparedness activities is minimal. Provision
for flood insurance does not exist as a preventive measure.
Community Participation: There is very little community participation or input to the planning or
design process in flood risk management.
Public Awareness: There is a cack of awareness of flood hazards, and preparedness for flood
disasters. The national disaster management system promotes the governments to undertake largescale preparedness measures such as awareness generation. Some state governments have initiated
mass awareness generation activities on disasters and its management through different programs.
For example, under the UNDP sponsored Disaster Risk Management Program, sensitization meetings
were held in the state of Orissa to generate awareness about flood and cyclone management.
Disaster Management: The shift from a relief approach to the promotion of a prevention and
preparedness culture is the major strength of the current national disaster management system. Redesignating the centre and state relief departments as disaster management units and departments
is a first step towards this move. Following the new nomenclature the tasks of the departments at
various government levels are being redefined with emphasis on preparedness, development of
databases and preparing them to manage disaster/emergency situation more efficiently. The
national disaster management guidelines have made a good beginning in this area. This needs to be
promoted across agencies at all levels.
The District Planning Committee plays a nodal role in the district planning process by consolidating
rural and urban plans of the district, leading to a draft development plan for the district. The DPC
provides the link between rural and urban plans as well as sector plans and crucial to the local
planning process which is the mandate of local governments. The planning process being carried out
in the district is largely sector-specific and the DPCs play an instrumental role in integrating sector
plans for a unified district plan. Although flood management is implicit in the disaster management
component of DPCs, the capacities of the local governments to plan and execute flood responses are
extremely weak. So is the fund flow to local governments. Therefore, it is necessary to build flood
preparedness, response and relief as an implicit component of DPCs, especially in the most flood
prone states. There also has to be vertical integration of district level plans into the river basin
context and an IFRM approach.
IFRM requires a river basin approach. Several committees and previous reports have identified the
need for river basin organisations to be formed for the creation of IFRM plans. Such organisations
need to be capable of performing an inter-state role. A key aspect of Phase II studies has to be in
developing institutional models for river basin organisations with responsibilities for developing or
co-ordinating the development of integrated flood risk management plans at the basin scale.
The budget allocation practices in the planning system are based on two major types of expenditure
i) Plan Expenditure and ii) Non-plan Expenditure. Routine repairs and schemes of flood
embankments and other structural measures are covered under non-plan funds. Once the funded
projects have been completed maintenance is financed through non-plan expenditure, the budget
allocations to such schemes generally are just about adequate to meet establishment costs.
Technical skills, coordination during relief and community participation during rehabilitation are key
factors for successful post-disaster management. Similar is the case with non-technical skills,
especially at the cutting-edge level of governance i.e. local governments and field staff of technical
departments. Development of knowledge base needs to be strengthened to understand and
analyze historical river processes, flooding patterns and erosion threats. It is necessary to promote
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co-operation and exchange of ideas and information between agencies through workshops, training
and community meetings. National Disaster Management Authority has demonstrated this
successfully by including of all national and state level research institutes, to promote a long term
sustainable knowledge development. Disaster management needs to be integrated at the planning
process at district, block, GP and city levels through leadership from the states. The Zilla Panchayats
and Block Panchayats in rural areas and the Urban Development Departments in towns have an
important role to play.
Communities are normally flood resilient. They adopt quickly to emergencies. This coping
mechanism comes in repeated annual cycles carrying heavy coping costs. There is a need to
generate higher level of flood awareness, in order to proactively respond to flood emergencies as
well as prepare themselves to respond proactively. Therefore, the need for community education on
flood management becomes an important concern of FRM.

7.2.3 Community Participation
While literature is available on implementation of IFRM projects that involve communities, literature
is also available on flood management programmes that have adversely affected communities. An
example is an account of flooding and flood management in the Kosi river basin. The lessons derived
out of several programmes aimed at flood management in the Kosi river basin are illustrated in the
book published by Peoples Science Institute, Uttarakhand and SANDARP, Delhi- ‘Trapped between
the Devil and Deep Waters’. 42 The book provides a historical account of past efforts made to tame
the Kosi river. The book explains how the flooding problem has shifted from one place to another,
from one population to another, affecting livelihoods from agriculture, livestock, fisheries, fuel,
sanitation in flooded areas, status of education, child labour, health services, migration,
criminalisation etc.
An evaluation of the UNDP disaster risk management programme illustrates factors influencing
community participation in the UNDP DRR:
•
•
•
•
•
•
•
•

Non- occurrence of major disaster leading to complacent attitudes;
Competing livelihood needs , law and order hindered interest and involvement of
community in programme activities;
Training was provided on disaster risk mitigation but the community was not provided with
equipment to support their activities;
Involvement of PRI /local government was not uniform and thus affected the programme
and communities participation;
There was a lack of documentation of traditional coping mechanisms;
More inclusive approach desired to involve the vulnerable groups within the communities;
People were shy to adapt participatory approach resulting in partial exclusion of NGOs;
Lack of trust filled partnership between the local government and NGOs.

It is clear from recent approaches and is also reflected in policies and programme guidelines that
community involvement is an important element of effective IFRM and that their participation
should be ensured at all stages of the implementation cycle. Flood risks can hence be better
addressed through a more robust community involvement in both structural and non-structural
measures at planning and implementation phases. This can be much beyond community education
on residual risks.
Along with the capacity building of the local government and local communities there needs to be
integration of existing programmes implemented by various line departments. Leadership is crucial
among the factors that influence the programme performance and hence there is a need to address
42

Trapped! Between the Devil and Deep Waters, Dinesh Kumar Sinha, August 2008
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factors influencing effective leadership and programme involvement. This translates into the need
for training of government officials and authorities.
Evaluation of available studies illustrates that there is still a great scope for engaging communities,
especially women, with more emphasis on the quality of participation rather than the numbers
involved. While addressing community participation, it is also critical to address the well being and
concerns of the vulnerable groups within the communities including women, children, disabled,
indigenous groups, and minority groups to formulate an inclusive and participatory flood
management strategy and design future programming needs to address inclusion and gender
equity.
The programmes should also address the varying nature of vulnerabilities of these groups and the
capacity of communities and other stakeholders. The community needs and risks should be assessed
so that the programmes are realistic and not too ambitious also with respect to availability of
resources. The gaps in capacity and expertise, which can be potential barriers in community
participation need to addressed by entering into effective partnerships with NGOs, SHGs, NYKS,
teachers, Anaganwadi workers, health care service providers, government functionaries and local
public representatives.
Specific concerns are in urban settings where the communities are more heterogeneous and
conventional ways of eliciting community participation are not effective.
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8

Selection of Sub-basins for Phase II Studies

8.1 Sub-basin Selection
Two sub-basins have been selected for preparing integrated flood management plans in line with the
goals of PATA 8089. The selection process covered several rounds of stakeholder consultations
involving central and state level organizations. Following initial consultation in March 2013, a round
table discussion was organised in early April 2013that was attended by representatives of ten flood
prone states, and a number of central organisations. . At this roundtable meeting, a number of
states expressed interest in participating in the PATA activities. Subsequently, the potential list of
basins with typical flood issues in India was narrowed down and discussed during the 1st project
review committee meeting held on 14 May 2013. Bihar and Odisha were agreed upon as priority
states for the final selection process. State consultations with all of the key agencies were conducted
on the 16th May in Patna, and 17th May in Bhubaneswar. The final basin selection took place at each
of the two states during the joint stakeholder meetings. The basins, recommended by the two
states are:
(i)

Buri Gandak in Bihar, being representative of an intrastate basin with flooding issues
typical of those in the large Ganga plains.
Brahmani in Odisha and Jharkhand, as representative of an interstate basin with flooding
issues typical of monsoon and cyclone influenced coastal areas and deltaic plains.

(ii)

Both sub-basins comply fully with the main selection criteria:
(i)
(ii)
(iii)
(iv)

They address suitably the most critical flood problems, of river and coastal flooding of
the downstream basin plains, and are in the most flood prone eastern part of India.
While there are no other government activities in the areas duplicating the preparation
of integrated flood management plans, hydro-meteorological and some terrain data are
available for both sub-basins.
State organisations in Bihar and Odisha are willing to participate and have nominated
nodal officers for direct interaction with the consulting team. (All nodal offices and
officers will be formalized during the second half of May.)
The two basins comply with the approach finally agreed at the review committee
meeting which was to study one interstate basin (Brahmani) and one intrastate basin
(Buri Gandak). In both sub-basins coordination activities typical of river basin
organizations will be attempted through nodal partners and the consulting team during
Phase 2 when the integrated flood management plans will be prepared.

8.2 Preliminary Outline Scope of Work for Phase II
8.2.1 Introduction
The Phase II activities will focus on three core areas in line with the TA paper:
(i) Demonstrate the use of flood simulation modelling and flood hazard/risk mapping for
regional and community flood management.
a. Flood simulation modelling will provide the foundation for flood hazard mapping.
i. Hydrological modelling will cover the whole basin.
ii. 1-D hydrodynamic models will be run for the flood prone areas,
estimated to cover more than 200 km of the downstream river reaches
for both basins, and should have the potential for future integration into
flood forecasting systems. The modelling will be conducted with active
participation of 2-3 CWC officials having working knowledge in
mathematical modelling. These officials would be provided with on the
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job training and support by the consultancy team. The necessary
hardware and software support would be provided under the TA.
iii. More detailed modelling with 2-D hydrodynamic models will be
conducted for selected areas, representative of typical flood problems
faced in many areas. The results are expected to provide detailed
knowledge of flood inundation patterns for different flood events.
b. The flood hazard maps provide scientific background for a more detailed
assessment of the flood hazard at regional and community level and are expected
to play a major role in determining local level (district to block) disaster
preparedness as well as a more targeted relief and recovery.
c. The introduction of the element of land use and of flood damage values will allow
preparation of flood risk maps. These are typically based on depth – damage
curves, which indicate the amount of damage to be expected during different
floods. In other parts of the world flood risk maps are used by insurance
companies to determine the premiums for property experience different levels of
flood risk.
(ii) Develop institutional arrangements for river basin planning and development of river
basin organizations (RBO) including intermediate work arrangements between involved
stakeholders (central and state agencies/departments, civil society, local communities).
a. During Phase 2 the nodal partners and the consulting team shall mimic the role of
a River Basin Organization during the establishments of the IFM plans.
b. Suitable agencies/organizations will be identified to take the lead for developing
the missing flood risk management measure of land-use zoning in a more formal
manner.
c. Explore a community centric approach in selected divisions, targeting local level
organizations for raising awareness, increased resilience, and pro-active flood risk
management.
(iii) Prepare IFM plans for two selected basins, one intra-state lying within one state and
another inter-state covering more than one state.
a. The IFM plans shall be developed based on stakeholder consultation at all levels,
with special emphasis on two-way communication from bottom to top and top to
bottom.
b. The main purpose of IFM plans will be to:
i. build capacity for communities to help themselves and return to a normal
life after experiencing flood disaster as quickly as possible.
ii. Identify, starting from a community perspective, structural and nonstructural measures to improve the resilience to flooding.
iii. Introduce the missing elements of land-use zoning and explore if
additional developments are required to strengthen the community
driven approach to building and development controls.

8.2.2 Mathematical Modelling
It is expected that mathematic modelling will be used as the basis for preparing flood hazard
mapping and providing forecasts of inundation extent at different recurrence frequencies. Both
rainfall-runoff modelling and hydrodynamic modelling will be required, although the extent will be
dependent upon data availability.
(i)
Hydrological modelling, depending on river and rainfall data:
a. For the Buri Gandak, CWC holds relevant data and possible also rainfall data from
the small catchment part in Nepal;
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b. For the Brahmani, CWC has the data also for the neighboring Baitarani basin.
c. Rainfall data from IMD covering these two river basins.
(ii)

1-D Hydrodynamic modelling will only cover the flood prone areas:
a. The flood prone plain of the Buri Gandak extends from about 250km downstream of
Muzaffarpur to the Ganga;
b. The flood prone plain of the Brahmani extends from the delta some distance
upstream. The precise scope of modelling is still being established and may depend
on the cost of topographic survey data.

(iii)

2-D flood modelling is expected to be conducted for selected areas. This activity will be
limited in extent due to the large data requirements, the complex calibration
requirements and more demanding computing requirements. The extent of 2-D
modelling will also be constrained by the availability of detailed data and costs of
acquiring additional data for areas identified in cooperation with the States.

The initial data needs for the hydrological/hydrodynamic models cover:
(i)
Topographic information from
a. satellite sources (SRTM90, ASTER, CARTOSAT) for the whole basin, to be referenced
to the standard survey datum for India
b. topographic surveys
(ii)
Bathymetric information
a. River cross sectional surveys for around
i. 250 km of the lower Buri Gandak River
ii. The delta area of the Brahmani and Baitarni
(iii)
Hydro-meteorological data
a. Complete time series of all rainfall data from all CWC and IMD stations within the
basins
b. Complete time series of water levels from all CWC stations within the basins
c. Complete time series of all discharges from all CWC stations within the basins
d. Complete time series of all sediment measurements from all CWC stations within
the basins
e. Complete time series of all temperature data from all IMD stations within the basins
f. Complete time series of all coastal gauge stations within the Brahmani/Baitaratin
delta
(iv)
Terrain data for the basins
a. Land use and land coverage
b. Soil data
c. Ground water data
d. Road and rail network
e. Embankment lines

8.2.3 Community-based activities
The community-based activities in Phase II will likely focus on a broad mix of activities. In line with
the Bihar SDMA approach, preparedness will feature prominently. Flood hazard maps will be an
important element in this. Community based activities will include:
(i)
Community-based flood risk assessment for people living behind and in front of
embankments.
(ii)
Developing water level indicators for use in flood forecasting that are relevant to local
people and exploring means of local mass dissemination
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(iii)
(iv)
(v)

(vi)

Embankment breach scenario modelling to understand better the flood wave
development, which will help identify high risk areas that will require more focussed
disaster preparedness measures.
Identifying further needs in terms of flood preparedness.
Documenting current involvement in decision and implementation of structural and
non-structural measures, the latter would aim to concentrate on a more reactive
response at the community level, in line with Central Government directives in this
regard.
Studying the community perceptions of land-use zoning and building and development
controls and potential improvements.

The initial Phase I data collection will focus on rapid rural appraisal in selected areas:
(i)
The locations will cover rural and urban centres, areas behind and in front of
embankments, farmers and city dwellers, the poor and also those relatively better off
(ii)
A rapid appraisal will determine:
a. Situation of the individual (person) – family, source of income etc.
b. Perceived exposure to disaster and ranking of most relevant issues,
c. Details on flood disaster – risk of getting flooded, risk to life and assets, flood
preparedness measures taken, emergency response measures planned;
d. Ideas of what matters during floods and should be improved/communicated/trained
etc.
e. What are the social costs of flooding Do people have tangible losses (direct losses forced sale of livestock, house shifting, indirect losses - loss of income / trade etc.)?
f. Are peoples’ demands and concerns heard by the district – state government?
The output will be a summary of existing flood issues, existing mitigation and preparedness
measures undertaken, overall resilience of different groups, and the demand for improvements.

8.2.4 Economics
With respect to economic activities a systematic approach towards the economic assessment of
benefits and generalized economics for flood risk mapping is planned. This tentatively extends to
the following:
(i)
Assessing how benefits are currently estimated and if the full range of potential benefits
is covered. Apart from infrastructure and land loss, social costs should also be included.
Both direct and indirect flood damages should be considered, with indirect losses
including disruption to transport, communications, utilities, trade etc. Intangible losses
should be addressed also. Benefits, in for example improved crop yields or double
cropping opportunities, transport links along embankments, should be included also.
This could lead to updated CWC guidelines on the estimation of flood damages and
project benefits, involving a stronger State-based assessment
(ii)
Assessing how the existing benefit-cost approach can be moved towards a full economic
assessment in line with international best practice.
(iii)
Assessing the cost for rescue operations, including the cost for mobilizing the army, in
order to estimate the dependency on the population density. This could provide result
in the development of a decision tool for choosing places for preventive structural
measures as opposed to recurrent high cost rescue operations, which should be
included in flood damage assessments.
(iv)
Exploring additional private sector funding mechanisms supporting government, such as
flood insurance etc.
The Phase II data collection will focus on the following:
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(i)
(ii)
(iii)
(iv)
(v)
(vi)

Historic flood damage data on different levels (block to district).
Identification of rescue, relief and rehabilitation budgets at different levels (block to
district) and usage thereof.
Identification of potential social costs of flooding.
Cropped areas and cropping patterns by district in flood affected areas.
Existing farm budgets - farm gate prices and costs of farm inputs (labour, seed, fertilizer
etc.).
Transport flow data for major routes affected by flooding.

8.2.5 Institutions
The institutional analysis will focus on the players involved in flood management issues and the
cooperation mechanisms that exist in theory and in practice with special focus on the two selected
basins. Special focus will be on:
(i)
Identifying who deals with flood issues at basin level – which organizations are involved,
what are their responsibilities, sources of funding and budget, and how do they
communicate in theory and practice;
(ii)
Identifying appropriate communication pathways for the effective coordination of IFRM
plans?
(iii)
Identifying and formulating appropriate institutional arrangements for a river basin
organisation.
The Phase I data and information collection will focus on the following:
(i)
Listing involved players and communication links existing in both basins.
(ii)
Identifying the existing internal organisational structures and resources of involved
departments.
(iii)
Collecting data on budget allocations.
In addition to data collection:
(iv)
Discuss communication pathways for IFRM plan coordination with the three states
involved.
(v)
Explore options for setting up river basin organisations including location, staff,
communication, legal system.

8.3 Buhri Gandak Preliminary Data Needs
8.3.1 Introduction
Figure 8.1 shows the river channel delineation made using the MapWindows watershed delineation
tool with SRTM90 DEM data. The channel definition downstream of Sikander Pur is a little different
from that on the ground, in part because of the influence of embankments on the delineation
process. In hydrological modelling in Phase II using GIS data for parameterisation it will be necessary
to use the NRSC stream network shapefiles to burn in streams for catchment delineation.
MapWindow has missed a small part of the catchment to the northwest that amounts to about 1500
km2. The total catchment area upstream of Khagaria is estimated to be 20,400 km2 , and the area
upstream of Sikander Pur to be 12,870 km2.
Indicated on Figure 8.1 are the locations of CWC gauging stations. The data collected at these
stations are listed in Table 8.1. It is understood that most flooding problems occur downstream of
Sikander Pur (Muzaffarpur district), although by the nature of the river system it is thought likely
that there are also flooding issues upstream of Sikander Pur. Discharges are measured at Sikander
Pur and also at Lalbegia Ghat, and these two gauges offer good opportunity for calibration of a
rainfall-runoff model that could be extended to the entire catchment.
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Hydrodynamic modelling would be carried out between Sikander Pur and Khagaria. Observations of
water levels at Khagaria or at Munger which is on the Ganga could be used for downstream
boundary conditions. The river length downstream of Sikander Pur is about 210 km. The river is
meadering and there appear to be embankments set back from the river on both banks throughout
its length downstream of Sikander Pur. The floodplain is cultivated between the flood
embankments. There do not appear to be settlements between the flood embankments, but there
is a ribbon of settlements all along the outside of the embankments on both sides of the river. River
cross sections will be required downstream of the Sikander Pur gauge. These must extend between
the flood embankments (embankment top to embankment top). In view of the meandering nature
of the river, a cross section interval of 2.5 km should be taken, resulting in about 85 cross sections at
an estimated cost of around INR 2.55 million or US$ 47,000.

Figure 8.1 MapWidows Burhi Gandak stream network and catchment delineation from SRTM90 digital
elevation data
Table 8.1 CWC gauge stations on the Burhi Gandak river

Station
Chanpatia
Lalbegia Ghat
Ahirwalia
Sikander Pur
Samasti Pur
Rusera
Khagaria
Munger

July 2013

Rainfall
√
√
√
√
√
√
√
√

Water Level
√
√
√
√
√
√
√
√

Discharge

Sediment

√
√

√
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Figure 8.2 shows the Burhi Gandak river and principal settlements. Districts are Pashchin
Champaran, Purba Champaran, Muzaffarpur, Vaishal, Samas Tipur, Begusarai, Khagaria.

Burhi

Gandak

Figure 8.2 The Buhri Gandak river and principal settlements (Source: India.WRIS)

8.3.2 Preliminary Data Needs
8.3.2.1 GIS Layers from NRSC
The Burhi Gandak catchment lies between 83.6oE 28.0oN and 86.7oE 25.3oN. Within this domain,
the following data layers are to be requested from NRSC:
i) 30m DEM from CARTOSAT
ii) Land use
iii) Soils
iv) Rivers
v) Settlements
vi) State boundary
vii) District boundaries
viii) International boundary
ix) Road network
x) Rail network
xi) Canals
xii) Irrigation command areas
xiii) Flood embankment lines (if exists)
xiv) CWC hydrometric network
xv) IMD stations
Some of the above data will to be collected from the States and incorporated in a GIS as the data
held bb NRSC may not be to a sufficiently refined scale. In addition, 10m DEM data from CARTOSAT
should be requested for the floodplain downstream of Sikander Pur: between 85.35oE 26.15oN and
86.6oE 25.4oN.
Satellite images are requested from the last 25 years showing the extent of flooding within the
overall catchment domain: 83.6oE 28.0oN and 86.7oE 25.3oN.
8.3.2.2 Data from CWC
The entire historic record of daily data for the stations listed in Table 8.1, including rating tables and
charts, will be required. Sub-daily data will be required for a number of selected events that will be
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used in calibration and verification of the hydrodynamic. In view of the fact that these data are
classified, it is suggested that any necessary procedures for the release of data be initiated
immediately.
8.3.2.3 Data from IMD
The IMD daily gridded rainfall datasets on 1o (1951-2007) and 0.5o (1971-2005) should be obtained
and will probably form the rainfall input for hydrological rainfall-runoff modelling. Point rainfall data
available from IMD should also be collected and cross referenced with gridded data. The Patna
weather radar probably covers most of the catchment, and the possibility of utilising this should be
explored. Climate station data are required for Muzaffarpur and for Darbhanga, surface data are
required for the calculation of ETo. Monthly mean data may be sufficient as the focus is on flood
response, and it should be monthly mean data of: mean daily maximum and minimum
temperatures, relative humidity, wind speed, solar radiation or hours of sunshine, and estimated
potential evapotranspiration. In addition, long term daily rainfall data should be requested
for Muzaffarpur and Darbhanga.
8.3.2.4 Data from GFCC
The 1986 master plan for flood management in the Burhi Gandak is requested, along with plans
showing flood defence assets.
8.3.2.5 Data from WRD
Plans showing the location of flood defense assets in the Burhi Gandak. Maintenance schedules and
records for these assets. History of embankment breaches along the Burhi Gandak and its
tributaries.
8.3.2.6 State Authorities
The following data need to be collected from state authorities:
i) District wise population data. (Sources are: 1.Census of India 2011- Provisional results OR
2.Bihar Statistical Handbook 2010. 2012 edition must be on its way out. – Both sources are
available online)
ii) Historic flood damage data on different levels (block to district).(Sources: 1. Disaster
Management
Department’s
Damage
Flood
Reports:
http://disastermgmt.bih.nic.in/Statitics/from%20ix%20final%202011.pdf
;
2.Vulnerability Atlas of India)
iii) Identification of rescue, relief and rehabilitation budgets at different levels (block to district)
and usage thereof.(Source: Disaster Management Department, Patna & District Disaster
Management Authority [DDMA])
iv) Cropped areas and cropping patterns by district in flood affected areas. (1. Department of
Agriculture, Patna. We will need to know the percentage of district area falling in the basin;
2. Irrigation Commission Report by the Water Resources (Minor Irrigation) Department,
Patna)
v) Existing farm budgets - farm gate prices and costs of farm inputs (labour, seed, fertilizer
etc.).(State and District level Department of Agriculture office)
vi) Transport flow data for major routes affected by flooding.(Transport Department, Patna)
vii) Data on budget allocations between WRD departments for flood related work, and in SDMA
for flood related work.(Water Resources Department, Patna)

8.4 Brahmani and Baitarni Preliminary Data Needs
8.4.1 Introduction
Figure 8.3 shows the river channel delineation made using the MapWindows watershed delineation
tool with SRTM90 DEM data. The catchment boundary is that of eth combined Brahmani and
Baitarni catcments. The total catchment area is 48,500 km2. The area of the Brahmani catchment
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upstream of Jenapur is 35,290 km2. Elevations range from sea level to over 1000 masl in the north.
In hydrological modelling in Phase II using GIS data for parameterisation it will be better to use the
NRSC stream network shapefiles to burn in streams for catchment delineation, and also for the
delta.

Figure 8.3 MapWidows Brahmani and Baitarni stream network and catchment delineation from SRTM90
digital elevation data

Indicated on Figure 8.3 are the locations of CWC gauging stations. The data collected at these
stations are listed in Table 8.2. It is understood that most flooding problems occur downstream of
the Jenapur and Akhuapada gauges in the delta area. Discharge data are available at Jenapur and at
Anandpur which is upstream of Akhuapada. On the Brahmani there are four discharge
measurement stations upstream of Rengali dam, and these should provide a good basis for
hydrological model calibration. Rangali dam is the most significant water resources development in
the basin, and this will certainly influence flow records downstream at Jenapur. The rainfall-runoff
model set up for the catchment will need to have a good routing component.
If flood inundation modelling is to be undertaken in the delta area of the Brahmani and Baitarni
rivers, then the area to be modelled is of the order of 2500 km2, and the channel length to be
surveyed us at least 500 km. If cross sect ions were surveyed at approximately 2.5 km intervals, then
a minimum of 200 cross sections would be required at a survey cost of approximately INR 6 million
or US$ 110,000. The area is too large for a 2-D modelling approach to be considered. A 1-D
approach would be most appropriate. Modelling will be a complex task.
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Table 8.2 CWC gauge stations on the Brahmani and Baitarni rivers

Station
Tilga
Jaraikela
Panposh
Gomalai
Rengali
Talcher
Altuma
Jenapur
Indupur
Akhuapada
Anandpur
Champua
Keonjhar
Swampatna
Thakurmanda

River
Brahmani
Brahmani
Brahmani
Brahmani
Brahmani
Brahmani
Brahmani
Brahmani
Brahmani
Baitarni
Baitarni
Baitarni
Baitarni
Baitarni
Baitarni

Rainfall
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

Water Level
√
√
√
√
√
√
√
√
√
√
√
√
√
√

Discharge
√
√
√
√

Sediment
√
√
√
√

√
√

√

√
√

√
√

Figure 8.4 shows that part of the delta that requires to be modelled. The channels that should be
surveyed are indicated. There is also a link from the Mahanadi that is not shown on India.WRIS.
Districts are Jajapur, Kendrapara and Bhadrak. There are many small villages in the delta, as can be
seen from Figure 3, which has Google Earth. The villages are located generally on slightly higher
ground. An alternative to modelling could be to use existing satellite images of historic flood
extents. However, this would not permit the potential impacts of sea level rise to be explored of for
different combinations of storm surge, fluvial inflow and precipitation to be considered. The
modelling approach is preferred.
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Channels to be surveyed

Survey limits
Figure 8.4 The Brahmani and Baitarni river delta region (source: India.WRIS)

Figure 8.5 Typical distribution of villages in the delta

8.4.2 Preliminary Data Needs
8.4.2.1 GIS Layers from NRSC
The Brahmani and Baitrani catchment lies between 83.5oE 23.75oN and 87.0oE 20.5oN. Within this
domain, the following data layers are to be requested from NRSC:
i) 30m DEM from CARTOSAT
ii) Land use
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iii) Soils
iv) Rivers
v) Settlements
vi) State boundary
vii) District boundaries
viii) International boundary
ix) Road network
x) Rail network
xi) Canals
xii) Dams
xiii) Barrages
xiv) Irrigation command areas
xv) Flood embankment lines (if exists)
xvi) CWC hydrometric network
xvii)IMD stations
Some of the above data will to be collected from the States and incorporated in a GIS as the data
held bb NRSC may not be to a sufficiently refined scale. In addition, 10m DEM data from CARTOSAT
should be requested for the delta downstream of Jenapur and Akhuapada: between 88.00oE
20.95oN and 86.9oE 20.5oN.
Satellite images are requested from the last 25 years showing the extent of flooding within the
overall catchment domain: 83.5oE 23.75oN and 87.0oE 20.5oN.
8.4.2.2 Data from WRD
The entire historic record of daily and sub-daily data for the stations listed in Table 1, including rating
tables and charts, will be required. The storage characteristics of all dams in the catchments
identified in India. WRIS are required, along with year of construction. For Regali Dam and reservoir
the following are required:
i)
ii)
iii)
iv)
v)
vi)

Elevation-area-storage curves, present, at construction and any intervening curves that are
available.
Spillway characteristics - crest elevation, number of gates, gate widths, weir characteristics,
top operating level, spillway rating curves.
Power station characteristics - tailrace elevation, maximum discharge capacity, rated power
output, head-discharge relationship, minimum head reservoir level for power production.
Additional outlet characteristics.
Historic reservoir operation records - water level, hydropower release, other outlet release,
spillway gate openings.
Reservoir operating rules - either operations manual or rule curves.

8.4.2.3 Data from IMD
The IMD daily gridded rainfall datasets on 1o (1951-2007) and 0.5o (1971-2005) should be obtained
and will probably form the rainfall input for hydrological rainfall-runoff modelling. Climate station
data are required for Bubaneswar, Jashpurnagar, Ranchi, and Jharsuguda, surface data are required
for the calculation of ETo. Monthly mean data may be sufficient as the focus is on flood response,
and it should be monthly mean data of: mean daily maximum and minimum temperatures, relative
humidity, wind speed, solar radiation or hours of sunshine, and estimated potential
evapotranspiration. In addition, long term daily rainfall data should be requested for the same four
stations.
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8.4.3 Data from WRD
Plans showing the location of flood defence assets in the Brahmani and Baitrani catchments.
Maintenance schedules and records for these assets. History of embankment breaches (the
Brahmani seems to be embanked in parts downstream of Rengali dam).

8.4.4 State Authorities
The following data need to be collected from state authorities:
i) District wise population data. (Sources are: 1.Census of India 2011- available online 43).
ii) Historic flood damage data on different levels (block to district).(Sources: 1. Orissa State
Disaster Management Authority’s “Annual Report on Natural Calamities 2006-07 and 200809" - available online 44;
2.Vulnerability Atlas of India).
iii) Identification of rescue, relief and rehabilitation budgets at different levels (block to district)
and usage thereof.(Source: Orissa Disaster Management Department, Bubaneswar & District
Disaster Management Authority [DDMA]).
iv) Cropped areas and cropping patterns by district in flood affected areas. (1. Directorate of
Economics and Statistics 45 ; detailed block-wise data on cropping pattern, land use etc. are
also available 46).
v) Existing farm budgets - farm gate prices and costs of farm inputs (labour, seed, fertilizer
etc.).(State and District level Department of Agriculture office).
vi) Transport flow data for major routes affected by flooding.(Transport Department,
Bubaneswar).
vii) Data on budget allocations between WRD departments for flood related work, and in SDMA
for flood related work.(Water Resources Department, Bubaneswar).

8.5 Operational Research Components for Phase II Studies
A major component of the operational research (OR) in Phase II studies will be in developing
integrated flood management plans for the two identified study basins. The fundamental
foundation for and IFMP is a sound understanding of existing flood hazard and risk in a basin, and
flood hazard and risk mapping. Through creation of IFMPs for the study basins it is expected that
lessons will be learned for the development IFMPs in other river basins. The approaches to IFMP
development are well understood at central level government in India, and reports from the 1970s
have identified the need for river basin organisations, but little progress has been made. It is
expected that the Phase II studies will in some respects mimic the function of a river basin
organisation in the development of an IFMP. A major research component will be in considering
what institutional and organisational models could work in India, as well as Identifying why many
previous recommendations have not been implemented at state level. A river basin organisation has
to be capable of co-ordinating the necessary inter-state collaboration and inter-action as well
institutional co-ordination within states. A number of models need to be considered and creative
ways of overcoming institutional boundaries sought. In addition to this key OR activity, there is likely
to be a number of more focussed research activities. At the outset of the project CWC provided a
list of some thirteen focuss issues. These are included in Appendix D, along with an indication of
how they can be addressed in Phase II studies. Eleven of the CWCs thirteen focus issues can be
addressed in Phase II and many are reflected in this report. The following are research topics that
have some overlap with the CWC topics and should also be addressed in Phase II:
43

http://censusindia.gov.in/2011-prov-results/data_files/orissa/Data%20Sheet-%20Orissa-Provisional.pdf
http://www.osdma.org/Publication.aspx?vchGlinkId=GL005
45
http://desorissa.nic.in/
46
http://desorissa.nic.in/des-data/DATA%20BASE%20WORK.htm
44
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i)

review of institutional constraints to implementation of previous initiatives with respect to
flood management;
ii) development of alternative models for river basin organisations that could function within
the present inter-state and institutional arrangements;
iii) development of alternative models for re-structured institutions and institutional
arrangements for creating river basin organisations;
iv) develop design guidance for incorporating potential climate change impacts on flood
frequency and magnitude estimates;
v) research the use of sample ground based LiDAR to adjust / calibrate digital elevation models
created through the NRSC CARTOSAT programme;
vi) research the risk perception of different social groups in flood risk areas with a view to
identifying appropriate warning methodologies and approaches to awareness raising and
flood preparedness;
vii) research flood warning mechanisms, awareness raising and flood preparedness approaches
appropriate to different social groups and land uses;
viii) create a flood risk management dictionary for use by stakeholders in India;
ix) research embankment failure mechanisms and the potential application of findings from
FLOODsite and from the FRMRC, and the use of rapid appraisal methods to prioritise
maintenance and repair activities;
x) assess the potential application of mathematical models for assessing loss of life through
flood, and use of these models in improved flood risk mapping, awareness raising, and
emergency planning;
xi) research the potential application of flood risk management methodologies for strategy
evaluation under climate change;
xii) research the potential application of the Reframe uncertainty analysis software in flood risk
management in India.
xiii) research alternative approaches to flood damage estimation using currently available data,
or data that could easily be collected, and consider what would be possible with more
focussed data collection; tangible and intangibles to be considered as well as direct and
indirect.
The above is a preliminary outline of Phase II expectations that will be expanded upon in the final
report of Phase I.
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ADVERSE IMPACT OF FLOOD IN INDIA – AVERAGE ANNUAL DAMAGES AND DAMAGES DURING SOME SEVERE FLOODS
Description
1
Average
All time Maximum
(with year in bracket)
In year 1978
In year 1988
In year 1971
In year 2005
In year 1977

July 2013

Area
affected in
Mha
2
7.225
17.500
(1978)
17.500
16.290
13.250
12.562
11.460

Population
affected in
millions
3
32.430
70.450
(1978)
70.450
59.550
59.740
22.925
49.430

Damage to crops
Area in
Value in Rs
million ha
crores
4
5
3.789
1118.807
12.299
7307.230
(2005)
(2003)
9.960
911.090
10.150
2510.900
6.240
423.130
12.299
2370.923
6.840
720.610

Damage to houses
No.
Value in
Rs crores
6
7
1254954
565.649
3507542 10809.795
(1978)
(2009)
3507542
167.574
2276533
741.600
2428031
80.241
715749
380.531
1661625
152.290

Cattle
lost
No.
8
96593
618248
(1979)
239174
150996
12866
119674
556326

Human
life lost
No.
9
1653
11316
(1977)
3396
4252
994
1455
11316

Damage to
Total
public utilities
damage
Rs crores
Rs crores
10
11
1867.852 3612.117
17509.353 32554.775
(2009)
(2009)
376.100 1454.764
1377.800 4630.300
129.113
632.484
4688.219 7660.491
328.948 1201.848
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TA 8089 Record of Mission Meetings, TA Review Mission May 2013
CWC, V.D. Roy, Director Flood Forecasting, 9 May, 11:00 AM
i.
Mr. Roy explained the CWC operations using two presentations:
a. Annual RC Conference_EE&WM_CWC_14-5-2013.ppt
b. Causes of River floods 08052013 for ADB experts
ii.
Mr. Roy is in charge of the Central Flood Control Room. In addition there are 20 Divisional Flood
Control Rooms, 3 for the Brahmaputra, 10 for the Ganga, 1 each in Bhubaneshwar, Ahmedabad,
Hyderabad, for the Narmada, Tapi and Godavi etc.
iii.
While the central flood control room informs the Home Ministry as nodal agency for all disasters
except drought (with the Ministry of agriculture), area specific forecasting and water level
information is commonly sent to district offices, sometimes to lower levels as well, using fax,
phone (land and mobile), sms, wireless, and email.
iv.
India obtains flood season data (15 June to 15 October) from international sources: China – 3
hourly, Nepal and Bhutan – hourly.
v.
Data are shown on a website, which is currently in the process of being updated and which will
provide time series data from 2014 (as opposed to daily data as of now)
vi.
There are two threshold levels, defined by the States:
a. Danger level, somewhat corresponding to the bankful discharge
b. Warning level = danger level -1 m.
vii.
The levels translate into the flood classification of low, medium, and high flood. The latter being
above the previously observed HFL. Danger and warning levels are periodically revised, for
example in case of Dibrugarh in Assam where the warning level was changed from 103.28 to
104.7
viii.
Flood forecast are mostly based on water level correlations, using 40 to 50 years of data, which
is precise for the large rivers. Curves are annually updated to reflect catchment developments.
The bandwidth of forecast is ±15cm. The strength of the existing system is the graphics based
prediction, which requires little skills and obtains a high level of precision. Recent efforts
employ Mike 11 for Mahanadi and Chambal, with NAM for rainfall-runoff modelling.
ix.
Satellite communications are generally being used to acquire data from outstations as this is
reliable even in poor weather. Tranmission lag is generally about 1.5 hours.
x.
Forecast lead times are being improved with rainfall runoff modelling. Inundation modelling is
being included in the five year plan, and is to be piloted on the Mahanadi with support from
DHI. Extension of the system is also included in the five year plan.
NIH Roorkee, 10 May 11:00 AM
Persons met: Dr R.D.Singh, Director, Dr Rakesh Kumar, head of flood management, Dr C.K> Jaing,
environmental hydrology, Dr Sharad K. Jain, climate change.
• After the consultants presented a slide show explaining approach and expected deliverables of
their work, NIH presented two slide shows:
o 2Flood Hazard.ppt
o IFM-NIH.pptx
• The above slide shows provided an overview of NIH capability in flood management covering
regional flood frequency studies, hydrological modelling, hydrodynamic modelling in 1-D and 2D, and flood inundation modelling.
• Regional flood frequency analysis has led to a series of design nomographs for flood estimation
in ungauged catchments. These are expected to be included in national standards. These are
already published for all basins in India, but the states however do not consistently use.
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•
•
•
•
•

The flood management centre is in Patna and the lead contact there is Dr B. Chackravati (tel.
9471000083)
It is easier to work with flood season data, whereas low flow data are sensitive, not only
internationally but also among states
There are 27 years of data from 7 stations along the Ganga, NIH conducted a HEC-RAS model of
a 250 km long reach in Bihar and attempts to run a 2D model for the same reach, as R&D work
as soon as resources permit
NIH has conducted an urban flood study for Patna, Bihar; a study will be undertaken for Chennai
NIH has 36 training programs for disaster preparedness (mostly for African countries) Dr.
Rakesh Kumar is the nodal point.

IIT Roorkee, Dept. of Hydrology, 14:30
Persons met: Prof. Muthia Perumal, Department Head, DR. B.K. Yadav, D.S. Arya, Dr N.K. Goel, Dr Sen.
• The institute provides post graduate courses and has 24 students in the first year and 20 in the
second year. After completing the masters courses most are privately employed.
• The institute provides courses for practitioners.
• Each professor has a specific specialization:
o Peruwal – flood routing
o Arya – remote sensing, GIS, climate change modeling, hydro information and open
source data
o Sen – watershed modeling, surface modeling
o Yadav – ground water modeling
o Goel – stochastic and statistical hydrology, project identification and conceptualization
• Staff in the depoartment are applying mostly their own models or open source models
• They are currently participating in a climate change impacts on water resources project
supported by the MoWR. They are using the WRF model for climate downscaling and will work
on a 25 km grid. These studies will lead to IWRM plans
•
• Flood modelling carried out for the Rapti River in the Gorapur area. ADB had a project in this
area and World Bank have been financing a state water re-structuring project.
• A management issue is considered to be that water is a State subject
• DEM information is problematic
o ASTER DEMs, 30 m resolution, contains some errors, often random, and also contains
holes
o SRTM has 90 m resolution and generally too coarse for floodplain work
o SOI toposheets date from the 1970s, and have only 20m contour interval
• There was discussion on GW/SW interaction and the role of floods in providing GW recharge.
There is no model (other than Mike SHE) that handles groundwater and surface water flow. This
is relevant from a water resources perspective, for example in the Ganga floodplain it is
estimated that there is 10-20% infiltration from rainfall as well as additional river recharge.
Making more use of GW storage and river recharge is thought possible. Nepal rivers have a
strong groundwater component, India has active programs for groundwater recharge
• There was discussion on the possible role of river basin authorities. The only river basin
authority is for the Damoda valley, following the Tennessey valley (TVA) example
• There was further discussion on suitable basins for ADB IFM studies. It was indicated that there
were good data available for Mahanadi and Narmada basins, although the latter has no flood
problems
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IIT Roorkee, Water Resources Department, 16:00
Deepak Khare, Head, Nayan Sharma, (all senior faculty were present - see IITR web site for list)
• The department head presented an overview of the institute, having about 100 PhD students at
present
• Problems highlighted were as follows:
o water is a state subject, leading to interstate issues
o Madhya Pradesh has an approach towards basin organizations that has probably come
from their WB project
o Urban water management is considered to be a serious issue - blocked drains,
unplanned developments, infilling of low lands etc.
o Coastal areas
o International rivers
o Data quality
• There is a drainage study being undertaken for Delhi
• IIT does work relevant for basin studies
o Brahmaputra studies – Springer book
o Brahmaputra channelization downstream of Guwahati
o Sediment budgeting
o hydrological modelling
o Land-use changes and impacts on hydrological response
o catchment land use management / treatment studies
o climate downscaling and scale effects
o climate change impacts on hydrological response
o water resources assessments / balances
• Catchment area treatment is mostly done for hydropower projects through the MoEF, there are
some watershed directorates
• An appropriate approach for the ADB TA would be to start with hydrology and flood
management issues and later to add climate change issues. It may be possible to involve
students during the main study phase
• Suitable basins could be
o Betwa – a southern tributary of the Jamuna in Madra Pradesh and UP
o Kane – same as Betwa
o Tons – same
o Madhya Pradesh has data from a World Bank funded project
o A northern Ganges tributary is the Gandak; Nayan Sharma is involved with the
Brahmaputra and Kosi are the two most complicated rivers
IIT Delhi, Professor Gossain, 13 May 17:00
• There are two subbasins with integrated flood management plans
• Currently the IIT has started to work on the Delhi drainage master plan under the Ministry of
Environment and Forest, covering the National Capital Territory.
o Delhi is the first city to have fully digitized record data of drains, but the data is of
questionable quality, and does not represent current conditions
o The storm drains are mostly also carriers of sewerage, which poses water quality issues
for the Jamuna; frequently they are blocked by solid waste
o The applied software will be freely downloadable, such as HEC_RAS, SWMM, SWAT
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In order to address the poor data situation, the department goes different ways, by
using old maps, field reconnaissance through students, involvement of local people
o IITD are viewing the project as part of their community responsibility, and will be
working with city / municipal engineers, providing training for them, and also using
students to construct and conduct some of the modelling work - the time line can be
expected to be a bit flexible.
The IIT Delhi was recently recognized as center of excellence for water by the Australian eWater
initiative and will be partnering with eWater. eWater signed an agreement with the Indian
Institute of Technology (IIT) Delhi to share Australia’s national hydrological modelling platform,
eWater Source. The technology and training package will enable IIT Delhi to become a Centre of
Excellence for Source to assist Indian central and state governments develop river basin plans to
improve water management. IITD will apply eWater Source to the Indian context and work with
government authorities and independent organisations across the country to improve the
management water resources. This ties in with IWRM plans and climate impact studies initiated
by CWC and ADB.
Basin planning will be undertaken within the IWRM concept addressing hydrological and water
resources and policy issues, although generally policy issues will be addressed by the MoWR.
o The discussion about pilot basins on limited scale is ongoing, but not finalized,
IITD and other groups of IITs and NITs are undertaking climate change impact studies on water
resources that will form part of IWRM plans under an initiative of the climate change cell
directorate of CWC. IITD will be working on the Narmada, Krishna, Ganga, and some of the
other eastern flowing rivers. The programme will have a 3 year duration.
A component of the CWC initiative involves downscaling of climate change scenarios. IITM Pune
is part of the CORDEX programme and has an overview role. IITB (Mumbai) will be carrying out
statistical downscaling under Dr Subimal Ghosh. IITD will be carrying out statistical downscaling
and this is led by Dr Achuta Rao using the WRF model. The plan is to create a range of scenarios
from GCMs that perform well over India. The scenarios will subsequently be used in the water
resources impact studies. The duration of these studies will be about 18 months, and are just
starting.
With regard to IFM and flood inundation modelling, good DEMs are an issue:
o ASTER 30 m is problematic as data have random errors and there are holes
o SRTM90 has better quality but lesser resolution
o CARTOSAT is still suffering from teething troubles but has potential
o A promising new technology, from a Mumbai based company, is a vehicle based LIDAR
system, a first test is being conducted for the IIT Delhi and looks very promising.
o

•

•
•

•

•
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Meeting Notes of the First Project Review Committee Meeting on
14 May 2013, 11:00 AM, Shram Shakti Bhawan, New Delhi
1.
The first project review committee meeting was convened on 14 May 2013, at the
Ministry of Water Resources (MOWR), Shram Shakti Bhawan, New Delhi with following
participants:
Government of India
Special Secretary, MOWR
Advisor and Coordinator
Deputy Secretary, NWM
Advisor Technical
Director, Climate Change Cell

G. Mohan Kumar, IAS
Dr. M. Satyanarayana
Ms. N. Tripathy
S. Aggarwal, Chief Engineer, CWC
A. Kharya, Director, CWC

ADB, India Resident Mission
Senior Climate Change Specialist
Senior Project Officer

Ms. Vidhisha N. Samarasekara
H. K. Varma

ADB Consultants
Strategic Planner
Flood Management Specialist

Knut Oberhagemann
Robin Wardlaw

2.
The Advisor and Coordinator opened the meeting with an explanation of scope and
purpose of the PATA. After this introduction, the consultant team presented the envisaged
scope and status of the TA. The presented slide show is attached as Annexure 1 and focused
on:
(i)
the timeline for the preparatory Phase 1 works, which started in early March 2013
and is now geared towards state consultation for the final selection of the focal
sub-basins;
(ii)
the background of integrated flood management (IFM) and climate change,
concentrating on the common structural and non-structural measures and the
related institutions, as well as the anticipated increases in flood hazards in India
as a consequence of climate change, and
(iii)
the outline of potential Phase 2 activities, providing the fundamental background
for focused sub-basin selection and subsequent field investigations and data
collection. The consultants specifically explained the focus on three core areas
as indicated in the TA paper:
(a)
Demonstrate the use of flood simulation modelling and flood hazard/risk
mapping for regional and community flood management.
(b)
Develop institutional arrangements for river basin planning and
development of river basin organizations (RBO) including intermediate
work arrangements between involved agencies/departments.
(c)
Prepare IFM plans for two selected basins, one intra-state lying within
one state and another inter-state covering more than one state.
3.
A main output of the preparatory Phase 1 study would be the collection of initial
information and data as well as outlining the detailed scope of work for Phase 2, which will
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prepare IFM plans, as an important subset of an overall integrated water resources
management approach under a RBO.
4.

The following discussion raised a number of points and resulted in several decisions.

5.
The Special Secretary (SS), MOWR highlighted cornerstones from the Government of
India (GOI) perspective:
(i)
To date India has no established RBOs with the exception of Odisha, where
some work has been conducted. Interstate arrangements will be specifically
challenging. The consultant team and ADB Mission clarified that the role of the
PATA is to demonstrate the interactions between different actors when preparing
comprehensive IFM plans.
(ii)
Flood master plans do exist and local organizations are generally well equipped
to address this, even though some shortcomings are visible, such as a lack of
precise digital elevation models (DEM). The ADB mission added that with respect
to GFCC Master Plans, this TA can provide substantial assistance and guidance
towards updating the plans applying modern methods and tools, which is very
much welcomed by GFCC. The consultant team explained that IFM plans
provide a more objective and scientific basis for assessing the flood risk and
special focus will be on state-of-the-art flood simulation modelling.
(iii)
Community-based flood risk management with focus on non-structural measures
requires special attention in order to help the local population to build a higher
level of resilience to flood disaster. In this respect solutions such as flood
cushioning and/or alternative cropping patterns might be explored. It is expected
that the outcome of the TA will demonstrate to people how to cope better with the
flood situation and how to pass through the crisis. The consultant team explained
that flood hazard and risk mapping is a cornerstone for planning measures to
increase the resilience of the population and TA will explore various options to
make communities more resilient to cope with flood risks.
(iv)
The focus of the PATA is on the widespread flood issues in the eastern parts of
the country. As such Bihar and Odisha are most critical apart from Assam, which
has the additional problem of large-scale river instability. The original idea was to
address one basin comprehensively as the problem of suffering from floods is
generic for the country. This could include specific solutions for different subbasins within the basin as it will be impossible to cover a full basin in all respects.
The proposed approach to address one interstate basin and one intrastate basin
is welcomed. With respect to data, there should be less problem with flood data,
as opposed to classified lean season data. The consultant team emphasised that
the currently followed approach would entail hydrological flood modelling for the
complete basin, while piloting specific measures, such as flood hazard/risk
mapping would be limited to critical areas.
6.

The Advisor and Coordinator raised the points that:
(i)
The TA paper talks about three basins instead of two. This point was supported
by the Deputy Secretary, NWM, who anticipated that the study output would be
less than stipulated. The consultant team explained that instead of one IFM plan
and two conceptual outlines, now two IFM plans are suggested, which provides
more value to GOI also with respect to addressing inter and intrastate planning
issues comprehensively for two basins. The ADB Mission explained that the TA
paper can be modified in the interest of a higher added value to the GOI and
state partners to the TA. After deliberations SS, MOWR opined that from a policy
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(ii)

7.

point of view the TA should focus on detailed study for one intrastate and one
interstate sub-basins for preparing IFM plan for both the basins.
Two committees were constituted in line with the TA paper, a Project Review
Committee to monitor TA progress consisting of GOI and Donors, and a Project
Steering Committee to review and endorse the various research outputs,
consisting of additional specialist members and selected stakeholders.
The SS, MOWR pointed out that the work pertains to a study and not a major
investment project and as such one committee would suffice. The consultant
team explained that some of the reports, specifically the inception report is not an
output document, but rather a work document that specifies how the study will be
approached and as such a special review of this document may not be
necessary.

The Advisor Technical supported the discussion
(i)
It is appropriate to address one interstate basin and one intrastate basin.
Appropriate problems are river flooding and coastal flooding. The latter is
prominent in the Mahanadi basin. The ADB Mission explained that the TA would
avoid duplication of efforts and the selection would be finalized after the
scheduled state consultations in Bihar and Odisha.

8.
The ADB Mission explained that the subsequent main Phase 2 interventions depend to a
high degree on the outcome of the field investigations and data collection. As such the fielding
of the consulting team for the Phase 2 study can only start after substantial progress in terms of
outlining the Phase 2 scope of work, fundamentally depending on the field level data availability
made during Phase 1, which is currently envisaged towards the beginning of July.
9.
The consultant team and ADB Mission asked for advice about who would be the main
coordinating body for field investigations and data collection. The GOI participants advised that
the Advisor Technical would be the right person. The Advisor Technical pointed out that it would
be appropriate that coordinating body should be one organisation and suggested that CWC
would be appropriate for this purpose.
10.

The meeting concluded with the following decisions:
(i)
The study shall concentrate on providing IFM plans for one interstate sub-basin
and one intrastate sub-basin, concentrating on the eastern part of the country
with Bihar and Odisha as focus states. Final decisions would be made post site
visits.
(ii)
The two steering committees, established as per the TA paper, shall be merged
into one committee in order to streamline the review process during this limited
study. CWC as an organization and the Advisor Technical shall be the focal point
for all coordination activities pertaining to field investigations and data collection.
(iii)
The review of reports shall be focussed on the final report, which is expected
towards the end of July. The inception report shall not be further reviewed and is
final as CWC and ADB comments were incorporated.

11.

The meeting ended with thanks to the Chair.
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Consultant’s Presentation on Progress of PATA work
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Meeting Notes

15 May 2013

State Discussion in Bihar
Operational Research into Mainstreaming Integrated Flood Management under Climate Change
at the Ganga Flood Control Commission, Patna Bihar 15 May 2013, 10:30 AM
A list of participants is attached in Annex 1.
After the Chairman GFCC opened the meeting, the participants introduced themselves and the ADB
mission leader explained scope and purpose of the PATA. After this introduction, the consultant
team presented the status of the works. The presented slide show is attached as Annex 1 and
focused on :
(i)
the timeline for the preparatory Phase I works, which started in early March 2013 and
is now geared towards state consultation for the final selection of the focal sub-basins;
(ii) the background of integrated flood management, concentrating on the common
structural and non-structural measures and the related institutions, as well as the
anticipated increases in flood hazards in India as a consequence of climate change,
and
(iii) the outline of potential Phase II activities, providing the fundamental background for
focussed sub-basin selection and subsequent field investigations and data collection.
The consultants specifically explained the focus on three core areas as indicated in the
TA paper:
(d) Demonstrate the use of flood simulation modelling and flood hazard/risk mapping for
regional and community flood management.
(e) Develop institutional arrangements for river basin planning and development of river
basin organizations including intermediate work arrangements between involved
agencies/departments.
(f) Prepare integrated flood management (IFM) plans for two selected basins, one within
one state and another covering two or three states.
A main output of the preparatory Phase I study would be the collection of initial information and
data as well as outlining the scope of work for Phase II, which will prepare integrated flood
management plans, as an important subset of an overall integrated water resources management
approach reflected for example in master plans and potentially handled by a river basin
organization.
With this background explained to the participants, a discussion ensued highlighting the relative
merits and issues pertaining to three potential sub-basins. The following main points were raised:
1
Punpun basin
(i) The 235 km long river covers an 8500km² basin in Jharkhand and Bihar. The upstream area
in Jharkhand is mostly covered by forest. The river is largely stable and does not carry a high
sediment load as do the rivers from the north. It enters the Ganges from the south, just
downstream of Patna. CWC has five monitoring stations on the Punpun with about 30 years
of record. Two of the sites are now closed.
(ii) The GFCC prepared a Master Plan in 1986, the hydrology part of which was updated in 1988.
(iii) The last major flood occurred in 1967, largely associated with backwater effects from the
Ganga. Thereafter flood embankments were built along the left bank and completed in
1975. These embankments have effectively protected Patna from flooding ever since.
There are some embankments on the right bank constructed during the 1980s, but no
consistent embankment line. Recently the construction of a weir (barrage) for irrigation

July 2013

Page 129

Interim Report PATA 8089, Phase 1

purposes has commenced. The work might be completed in around five years and is
expected to provide irrigation for 16,000ha.
(iv) Patna was originally extended to the natural levee (ridge) along the Ganga, covering around
2.5 to 3km of the floodplain alongside a 15km long river reach. Over time it has expanded
into the lower lying areas to the south, reaching the Punpun. Drainage is a problem in the
lower reaches of the Punpun and behind embankments.
(v) The Punpun floods some limited agricultural areas. The lower basin is otherwise classified as
water deficient during the dry season for which reason the irrigation barrage is currently
built.
(vi) The participants agreed that this is a “manageable basin” in terms of the study scope.
However, it was stressed that the basin was not really characteristic for the problems in
Bihar that are mostly associated with the northern rivers. The point of an increased residual
flood risk for Patna from an embankment breach along the Punpun was accepted and a
detailed study would be beneficial. Patna residents in the floodplain behind the Punpun
embankment have not experienced flooding in 40 years and many are probably unaware of
the risk that exists.
2
Sone
(i) The basin is much larger than the Punpun and covers the states Madhya Pradesh, Uttar
Pradesh and Bihar. In Bihar the Sone flows as a comparatively narrow river into the Ganges
upstream of Patna.
(ii) In Bihar the last Sone flood occurred in 1975 as a combination of high dam releases
coinciding with flood flows in the Ganga. Since this time there has been no major flood
occurrence, although there is a residual flood risk.
(iii) The basin will be complex to model, as it also includes a dam.
(iv) The participants agreed that given the limited time and resources, the Punpun would be
the better of the two southern basins to consider, as it is more relevant to Patna.
3
Buri Gandak
(i) The basin is the only northern basin that nearly fully lies in Bihar. It covers 12,500km² out
of which 10,150km² lie in Bihar.
(ii) The GFCC prepared a Master Plan in 19861986 and is in the process of updating this along
with plans for another 25 basins over the next five years.
(iii) The basin has six CWC gauge stations, two of which provide discharges and one sediment
data.
(iv) The lower 250 km, downstream of Muzaffarpur are characterized by river instability and
flooding. Even though there are consistent embankment lines, flooding often occurs, in
cases caused by man-made breaches. The floodplain is occupied between the flood
embankments.
(v) The basin is highly relevant for the flood problem in Bihar.
(vi) There has been no floodplain zoning and there is has been no upstream catchment
treatment.
Specific issues related to the preparation of basin plans were identified:
(i) Currently two basins are covered by other programs:
(ii) Baghmati: A DFID grant of USD 1.5 million supports non-structural work, covering early
warning, flood forecasting, inundation modelling and the establishment of an embankment
management information system (MIS).
(iii) The Kosi is covered by different World Bank programs.
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(iv) While CWC can provide long series (some 30 years) of river data, these are classified for all
three sub-basins and their use needs special permission from the Commissioner Ganga in
the MoWR (Mr. Mathu). The process is difficult and time consuming.
(v) The upstream terrain along the border with Nepal is restricted and obtaining terrain data
might be problematic. . Air borne LiDAR surveys are difficult to arrange, requiring a lot of
military clearances.
(vi) There are no established digital elevation models (DEM), but good GIS maps of the area.
The Gandak Command Area Project might provide more detailed topographic maps from
irrigation planning for a part of the Buri Gandak basin. The collection of river cross sections
and topographic data might require substantial funds.
(vii) CWC has cross sections at the gauge stations, which are not classified. . There is no other
river cross sectional information.
(viii) NIH estimates that the flood simulation modelling would take around 4 to 5 months, once
all required input data are available.
(ix) The GFCC welcomes the establishment of IFM plans, which can be incorporated into
updated Master Plans covering technical and non-technical issues.
(x) All agencies indicated their willingness to participate and indicated Nodal Partners to assist
TA implementation and coordination as follows:
a. GFCC – chairman Mr. B. Kumar
b. CWC – CE Mr. S.K. Sahu
c. NIH –head of surface water division, Dr. Rakesh Kumar, Roorkee
d. WRD – Joint Director FMISC, Mr. Samiyar
e. BSDMA – Vice President Mr. A.K. Sinha
There was unanimous agreement voiced amongst the participants that the Buri Gandak would the
most appropriate basin in which to operate, having recurrent flooding affecting a large population.
After the meeting was concluded, NIH staff conducted a tour of their premises and presented an
overview of work they have conducted. This includes:
(i) Currently four researchers are working in Patna. The office is busy with several jobs.
(ii) Software used comprises NWS Dambreak, HEC RAS, MIKE 11, MIKE FLOOD
(iii) NIH has done a study on Ganga flood mapping as R&D work using the one-dimensional
model HEC-RAS. The study took around three years, out of which the permission process
and approvals for data collection took around half a year. Once the data use was cleared
by the Ministry, the nominated scientist was allowed to copy the data by hand from
ledgers, upon which they were computerized and checked. When requesting data it is
important to specify all measurement components - X-sections, water levels, rating curves,
computed daily discharges, and shorter hourly data for flood hydrographs.
(iv) NIH conducts training and delivers lectures.
Finally, the BSDMA was visited, meeting Prof. A.S Arya and Mr. A.K. Sinha, Vice Chairman. The
following points were discussed:
(i) A community centric approach is very welcome, as a substantial increase in awareness can
be achieved with comparatively little funds. At present there is a disconnect between
various actors and not much community consultation takes place.
(ii) Structural flood mitigation measures, namely embankments are commonly poorly
engineered and might not withstand floods and earthquakes. In northern Bihar many
embankment lines keep the fertile silt from the fields and as such depriving farmers of a
benefit.
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(iii) As part of earthquake risk assessments, sub-district property data are being collected to
permit potential damage estimates to be made. It is recommended that the Environmental
Economist follow this up with Prof. Arya.
(iv) The Vice Chairman welcomed the participation of the ADB consultants during the flood
safety week from 1 to 7 June, specifically during the workshop on flood insurance that will
be held on 1st June2013. There will be presentations on flood insurance from AEG and a
Swiss group. Premiums would be paid by state government and satellite technology used
to identify flood affected areas and trigger payments. There would likely to relief payments
to communities as well as to government departments whose assets are damaged....
The meetings ended at 4:00 PM.
The biggest issue in the Buri Gandak will be in obtaining river cross sections and floodplain DEM
data. The indication from subsequent meetings in Orissa was that river cross sections could cost INR
20,000 to INR 30,000 per section. With a 250 km length to be modelled, with surveyed sections at
say 5 km, the cost would be about US$ 30,000. DEM data may be established for special interest
zones using vehicle mounted LiDAR. This will need to be investigated further.
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Annex 1

State Meetings, 15 May 2013, Patna, Bihar
S.No. Name
Designation
Mobile/e-mail contact
1030 Hours
A joint meeting with following participants
Mr.
Bibhas
09717255988
1.
Chairman, GFCC
Kumar
bibhas_kumar2003@yahoo.co.in
09471006062
2.
Mr. S. K. Sahu
Chief Engineer, LGBO, CWC, Patna
Sksahu49@yahoo.co.in
Mr. Ajit Kumar
09431453768
3.
Joint Director, FMISC, WRD, Patna
Samaiyar
fmiscbihar@gmail.com
Mr.
Biswajit
09471000083
4.
Scientist `F’ & Head, NIH, Patna
Chakravorty
09471006278
5.
Mr. Pankaj Mani Scientist `D’, NIH, Patna
6.

Mr. Anil Sinha

Mr. Ravi Bhushan
Kumar
Ms.
Vidhisha
8.
Samarasekara
Mr.
Knut
9.
Oberhagemann
Dr.
Robin
10.
Wardlaw
1230 Hours
1530 Hours

Joint Secretary, BSDMA

09431859650

1.

Mr. A. K. Sinha

2.

Mr. Anil Sinha

09771497611
rbkmr@yahoo.com
Senior Climate Change Specialist, 9717020087
ADB, INRM
vsamarasekara@adb.org
07896208678
Consultant, ADB
koberhagemann@nhcweb.com
044-7968050580
Consultant, ADB
robin.wardlaw@wrpmc.co.uk
National Institute of Hydrology (NIH), Patna
Bihar State Disaster Management Authority (BSDMA), Patna
09473400208
Vice Chairman, BSDMA
vice-chair@bsdma.org
09431859650
Joint Secretary, BSDMA

3.

Prof. Ariya

Advisor, BSDMA

7.
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Meeting Notes

16 May 2013

State Discussion in Odisha
Operational Research into Mainstreaming Integrated Flood Management under Climate Change
at the Conference Room of the Engineer in Chief, WRD on 16 May 2013, 10:30 AM
The list of the participants is attached in Annex 1.
After the Additional Secretary opened the meeting, the participants introduced themselves and the
ADB mission leader explained scope and purpose of the PATA. After this introduction, the
consultant presented the status of the works. The presented slide show is attached as Annex 2 and
focussed on
(i)
the timeline for the preparatory Phase I works, which started in early March and is now
geared towards state consultation for the final selection of the focal sub-basins,
(ii)
the background of integrated flood management and climate change, concentrating of
the common structural and non-structural measures and the related institutions, as well
as the anticipated increases in flood hazards in India as a consequence of climate
change, and
(iii)
the outline of potential Phase II activities, providing the fundamental background for
focussed sub-basin selection and subsequent field investigations and data collection.
The consultants specifically explained the focus on three core areas as indicated in the
TA paper:
(g) Demonstrate the use of flood simulation modelling and flood hazard/risk mapping
for regional and community flood management.
(h) Develop institutional arrangements for river basin planning and development of
river basin organizations including intermediate work arrangements between
involved agencies/departments.
(i) Prepare integrated flood management (IFM) plans for two selected basins, one
within one state and another covering two or three states.
A main output of the preparatory Phase I study would be the collection of initial information and
data as well as outlining the scope of work for Phase II, which will prepare integrated flood
management plans, as important subset of an overall integrated water resources management
approach reflected for example in master plans and potentially handled by a river basin
organization.
A presentation of the hydrological situation in Orissa was made by the hydrology division of the
WRD. Key points made were as follows:
• 43% of the total drainage area lies outside the state
• in the delta region a significant issue is that depressions coming in from the Bay of Bengal
result in storm surge, and at the same time heavy rainfall; as the storm tracks inland fluvial
floods are generated from downstream to upstream; combined probabilities are thus
important;
• precipitation in the June-October period is typically 1200 mm, but there is a perception that
precipitation is becoming more variable, and that storm rainfall is becoming more intense;
• there is also a perception that cyclonic storms often coincide with spring tidal cycles.
Subsequently, the merits and issues pertaining to different potential sub-basins were discussed:
1
Mahanadi basin
(i) The basin covers five different States and the majority of the basin lies outside of Odisha.
The basin area is 141,589 km2.
(ii) There are several dams in the basin, some of substantial size, like Herakut.
(iii) The main flood problem relates to the delta, which is consists of a complex system of ever
changing channels.
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(iv) There is substantial man-made flooding issue related to the blockage of river channels for
crab cultivation.
(v) The basin will require substantial efforts in data collection (cross sections, water and sea
levels, discharges) before any meaningful flood simulation modelling can be conducted.
(vi) The flood forecasting wing of CWC Delhi plans some activities in the Mahanadi Delta.
2
Brahmani
(i)
The basin covers around 40,000 km² in two States. 70% lies in Odisha, 30% in Jharkhand.
The river flows through the industrial belt of Odisha.
(ii)
CWC operates eight gauging stations, out of which four collect discharges and sediment
data in the basin (in both States). There are around 40 years of data, out of which about
15 years are available digitally.
(iii)
There is one irrigation dam (Rengali), with a small hydropower component. Hydrological
modelling could consider developments in Jharkhand. The State Government is also
interested in updated hydrological modelling downstream of the dam as part of a
rehabilitation project (DRIP, World Bank financed).
(iv)
The main flood problem relates to the delta, where the Brahmani meets channels from
Baitarani and Mahanadi, but there is flooding upstream of the delta as well.
(v)
The WRD has some data for the delta, but no consistent longer time series.
3
Baitarni
(i)
The basin lies in Odisha, and Jharkhand with the latter covering 10% of the area.
(ii)
CWC operates six gauging stations out of which two cover discharge and sediment.
There are around 40 years of data, out of which about 15 years are available digitally.
(iii)
There are no dams.
(iv)
The basin is comparatively small (about 7000 km2) and merges with the Brahmani at the
delta.
(v)
The basin is not as relevant as the Brahmani, but there are various cross connections in
the delta area.
The State Disaster Management Authority concentrates on the delta area, where an estimated
23,000 villages are affected. Hundreds of cyclone shelters have been constructed partly funded with
outside support (World Bank). The 1999 cyclone was the trigger for large scale community shelters.
Communities receive training and equipment, such as radios, chlorine tablets etc . The agricultural
department operates a crop insurance system. The shelters include provisions for livestock. The
SDMA has been carrying out training at the block and tessle level on disaster preparedness and
recovery. Use of shelters, hygiene etc.
The participants agreed the Brahmani is a highly relevant basin, and the preferred option.
Specific issues related to the preparation of integrated flood management plans on basin level were
identified:
(i)
The understanding of flood hazard and risk mapping is different from other sources.
While flood hazard mapping is understood in Orissa to be related to an assessment
based on historic observations, it commonly refers to the current or future flood extent.
Flood risk mapping is used in Orissa with a focus on future extent of flooding, while
internationally it refers to the combination of flood hazard probability with land use and
potential damages.
(ii)
Analysis of the flood problem is complicated by the combination of storm surge, fluvial
floods from upstream and direct precipitation, generated through cyclones moving in
from the Bay of Bengal.
(iii)
The flood problem in Odisha is primarily in the delta of Baitrani, Brahmani, and
Mahanadi rivers, which consists of an intricate system of channels with some exchange
of flow between Baitarani and Brahmani, and one channel between Brahmani and
Mahanadi (Annex 3).
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(iv)
(v)
(vi)

(vii)
(viii)

As the Baitarni joins the Brahmani at the delta, it has to be modelled hydrologically as
well.
Around 150 cross sections may be required for the describing the downstream channel
system (this is being assessed), which the WRD may be prepared to provide. (The
estimated cost are INR 25,000 per cross section)
There is little clarity about the availability of hydrometric data for the delta, but
apparently very little exists. Tidal data are available post 1999 and a report has been
prepared by Baires Associates on storm stage magnitudes and frequencies. This report
is required.
There is an Odisha space applications centre.
All agencies indicated their willingness to participate and indicated Nodal Partners:
f. CWC – CE Mr. A.S.P. Sinha
g. WRD – CE M&D, Mr. S. Das
h. OSDMA – to be nominated
i. Consultant OIIAWMIP – Mr. Chris Koenicke

Subsequently, discussion took place with the consulting team OIIAWMIP:
(i)
The consultant informed about ongoing and completed survey work pertaining to
irrigation infrastructure. This could be potentially useful to classify satellite data. The
project covers four areas that could be potentially useful:
a. Jajpur canal, right bank (expected at the end of this year)
b. u/s of Baipuri at Ganjari, (survey ongoing)
c. head reach of one major project at Khanpur
d. River cross sections at the Baitarain – Brahmani link channel from 2006, available
with the concerned executive engineer of the WRD,
(ii)
The consultant has recently started building a database for integrated water resources
management, as one part of the project activities.
Visit to the GIS cell
The WRD operates a GIS cell using ARCGIS. The cell has a number of spatial data, such as
topography from SOI maps of the 1970s (not appropriate for flood simulation modelling in plain
areas due to 20 m contour lines), land-use, , soil classification, locations of irrigation projects, etc.
The data for Brahmani and Baitarani are not restricted.
Meeting at CWC
(i)
CWC provided maps with gauge stations and list of coordinates for stations in Brahmani,
(ii)
CWC has yearbooks for all stations of the Mahanadi and Easter Rivers. The hydrological
years covered start on 1 June and end on 31 May.
(iii)
There is an acknowledged lack of data for the deltaic area of the rivers
(iv)
There is a CWC office in Rajhi, the capital of Jharkhand
The meetings ended at 4:00 PM.

July 2013

Page 137

Interim Report PATA 8089, Phase 1

Annex 1
People Met

State Meeting, 16 May 2013, Bhubneswar, Odisha
S.No. Name
Designation
1.
Chithra Arumugam, IAS
Additional Secretary, Water Resources, Odisha
2.
B. Parida
Engineer in Chief (WR)
3.
S. Das
Chief Engineer & BM, CMB
4.
K. K Dash
CE, Odisha Water Planning Organization (OWPO)
5.
R. M. Patra
ED – OSDMA
6.
H. K. Pandey
Director, Hydrology
7.
H. Pradhan
SE, RCC
8.
Gopal Prasad Roy
DD O/o EIC, WR
9.
Jatin Kumar Swain
SE, Easter Circle Cuttack
Chief Engineer, CWC, (cemero-cwc@nic.in, mobile
10.
A. S. P. Sinha
09427005537)
11.
A. S. Goel
CWC, Bhubneswar
SE, CWC, Bhubneswar (atulkrnayak-cwc@nic.in, mobile
12.
A. K. Nayak
094374 83984)
13.
S. K. Mohpatra
AD, OWPO
14.
N. Rath
DD, OWPO
15.
J. B. Mahapatra
MD, OCE Ltd.
16.
Ms. Vidhisha Samarasekara Senior Climate Change Specialist, ADB, INRM
17.
Mr. Knut Oberhagemann
Consultant, ADB
18.
Dr. Robin Wardlaw
Consultant, ADB
WRD GIS Cell
GIS Consultant
79269)
Consulting Team OIIAWMIP
Team Leader
Procurement Specialist
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Chris Konecki, (ck.dunia@gmail.com, mobile: 96687 10777)
Jagdish Samantaray (jagdishsamantaray@gmail.com)
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Meeting Notes of the Wrap-up Meeting on
17 May 2013, 10:30 AM, CWC, New Delhi
1.
The wrap-up meeting summarized the outcome of the State visits.
present were:

Participants

Government of India
Advisor Technical
Director, Climate Change Cell
Director Flood Forecasting
Director P&D

Sanjiv Aggarwal, Chief Engineer, CWC
A.K. Kharya, Director, CWC
V. D. Roy, Director, CWC
P.N. Singh, Director, CWC

ADB, India Resident Mission
Senior Climate Change Specialist
Senior Project Officer

Ms. Vidhisha N. Samarasekara
H. K. Varma

ADB Consultants
Strategic Planner
Flood Management Specialist
Economist

Knut Oberhagemann
Robin Wardlaw
Shalini Saksena

2.
The ADB mission summarized the very fruitful meetings in Patna, Bihar and
Bhubaneswar, Odisha. In both cases the State Governments, as well as the participating
Central Government organizations held very constructive discussions and arrived at the
most relevant selection sub-basins:
(i)
In Bihar the Buri Gandak was selected as basin that is substantially situated in
the state (with less than 10% in Nepal) and typically describes the flood
problem of Bihar associated with the northern rivers.
(ii)
In Odisha the Brahmani basin was selected suitably describing the problem
associated with the deltaic flood issues in the large combined tri-river delta at
the coast. While the neighbouring Baitarani also has to be considered the
delta can be delineated to the southern Mahanadi.
3.
After some detailed discussion about merits and demerits CWC agreed that this
selection is in line with the project review committee meeting discussion focussing on one
interstate basin (Brahmani – Odisha and Jharkhand) and one intrastate basin (Buri Gandak).
4.
Subsequently the emerging modelling scope of work for the Phase II preparation of
flood management plans was discussed:
(i)
Hydrological modelling, depending on river and rainfall data:
a. For the Buri Gandak, CWC holds relevant data and possible also rainfall
data from the small catchment part in Nepal,
b. For the Brahmani, CWC has the data also for the neighboring Baitarani
basin.
(ii)
1-D Hydrodynamic modeling will only cover the flood prone areas:
a. The flood prone plain of the Buri Gandak extends from about 250km
downstream of Muzaffarpur to the Ganga
b. The flood prone plain of the Brahmani extends from the delta some
distance upstream. The Mission informed CWC that the precise scope of
modelling will be decided during the next days based on a more detailed
analysis of the channel pattern.
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(iii)

(iv)

1-D flood modelling will be conducted by CWC staff, who have the capacity
and training to do so. In addition to the use of the common MIKE 11 model,
one alternative model will be setup, to compare the results with available
satellite based flood maps. This capacity building is:
a. in line with TA objectives
b. supports CWC towards a better understanding of available model
technologies,
c. supports CWCs initiatives to build a dedicated modelling center, and
d. facilitates the use of restricted data, which will be exclusively used within
CWC.
2-D flood modelling will be conducted for selected areas. This activity will be
limited in extent due to the high data requirement, the complex and more
demanding, and as such time consuming modelling and decided later
depending on the availability of detailed data for areas identified in close
cooperation with the States. CWC will also guide this modelling, but
accepting that there is limited in-house capacity for the 2-D model, might opt
for an outside government organization such as NIH, which as experience
with MIKE FLOOD models.

5.
The community-based activities in Phase II will likely focus on a broad mix of
activities. In line with the Bihar approach, the element of preparedness will be prominently
featured, as expressed in flood hazard maps. This approach will entail:
(v)
Community-based flood risk assessment for people living behind and in front
of embankments,
(vi)
Making water level predictions relevant to local people and exploring means
of local mass dissemination
(vii)
Conduction embankment breach scenario modelling to understand better the
flood wave development, which will help identify high risk areas, which require
more focussed disaster preparedness measures.
6.
With respect to economic activities a systematic approach towards the economic
assessment of benefits and generalized economics for flood hazard mapping is planned.
This tentatively extends to the following:
(iii)
Assessing how benefits are estimated and if the potential number of benefits
is exhaustively covered. Apart from infrastructure and land loss, also social
cost could be included. This could lead to an updated CWC guideline on the
estimation of cost benefits, involving a stronger State-based assessment
(iv)
Assessing how the B-C approach can be moved towards a full economic
assessment in line with international best practice.
(v)
Assess the cost for rescue operations, also involving the cost for mobilizing
the army, in order to estimate the dependency on the population density.
This could provide a decision tool for opting in places for preventive structural
measures as opposed to recurrent high cost rescue operations.
(vi)
Exploring additional private sector funding mechanisms supporting
government, such as flood insurance.
(vii)
Other selected issues pointed out by CWC during earlier discussions were
included in the inception report.
7.
At the end the consultant team indicated that in some instances river instability might
be a cause for a lack of flood protection. This issue will be explored further and might result
in the incorporation of a morphologist in the Phase II team.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Dr J.R.Sharma, National Remote Sensing Centre
17 May 2013, 16:30, NRSC, New Delhi

12.
Dr Wardlaw gave a very brief overview of the objectives of the project, and the
particular interest in CARTOSAT as a basis for flood hazard mapping.
2.
Dr Sharma explained that CARTOSAT data had been produced for the Mahanadi
and Godavari basins, and that these data and reports are available. This was done two
years ago, and similar products will be made available for the whole country.
3.
Flood extent mapping has been provided to the states from satellite imagery for the
last 25 years
4.
India.WRIS is now in version 3, covering the whole of India. There are now 87 layers
in WRIS. WRIS is available to the public. SRTM90 is the basis for the DEM layer in WRIS.
5.
CARTOSAT is derived from satellite data and provides elevation data on a 30 m gird.
In this respect it is similar to ASTER. Although data sets produced for CWC are at present
only for The Mahanadi and Godavari basins, there is coverage for the entire country.
6.
In additional to the CARTOSAT 30 m data, a 10 m grid of elevation data is also now
available although is not yet in the public domain.
7.
Dr Sharma indicated that both 30 m and 10 m data could be made available to the
project for any basin that we request, or sub-area. The request should be made by CWC
through the Director of NRSC. In requesting data CWC should ask for all relevant layers
also - gridded elevation data, slopes, river / drain lines, watershed delineations, dams and
barrages.
8.
NRSC is planning, as part of the XII plan, to put district data into the public domain.
This will include asset data on a 2.5 m grid and elevations on a 10 m grid.
9.
NRSC is sharing their WRIS expertise internationally, making their software and
manuals available. They will also be providing an international training opportunity.
The meeting closed at 17.15.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Dr Krishna AchutaRao, IIT Delhi Atmospheric
Sciences Department
20 May 2013, 18:45, IIT, New Delhi

13.
Dr Wardlaw gave a very brief overview of the objectives of the project, and the
particular interest in climate modelling activities.
2.
Dr AchutaRao is co-ordinating dynamic downscaling activities of 7 groups based in
IITs, including his own, on the MoWR initiative leading to water resources impact
assessments. The project is not underway yet and MoWR will be reviewing the proposal
over the coming weeks.
3.
Within the 7 groups, different RCMs will be used. Some are using PRECIS, some
RegCM4, some WRF, and Dr AchutaRao will be using the NCAR Community model. The
RCMs are to operate on a maximum grid spacing of 50 km, and it is expected that many will
use 25 km. The domain will be the whole of India.
4.
The MoWR requires that 5 GCMs be used for boundary conditions, and that at least
two RCP emissions scenarios be used for each GCM (probably 4.5 and 8.5). MoWR is
asking for 4 emissions scenarios, the other two being upper and lower envelopes.
5.
Is hoped that the project may get underway in about 3 months time. The overall
duration will be two years, but first data are expected to be available at the end of year 1. All
groups will be having to upgrade their computer facilities, with multiple parallel processors.
6.
At present provision is made for sharing results with the groups involved in assessing
the impacts of climate change on water resources.
7.
The forecast horizon is not defined, but it is expected that all groups will cover the
entire 21st century in all scenarios.
8.
There is apparently an effort to do produce regional weather re-analysis data using
RCMs. Reference made to an American programme that must be the NCAR re-analysis
data that is global on a 2o grid and can be used as boundary conditions for an RCM.
9.
If all groups manage to complete their scenarios there will be an excellent database
for all sorts of future studies. No provision made at present for creating or administering an
accessible archive. This ought to be done further down the track.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Prof. Gossain, IITD
21 May 2013, 15:00, IITD, New Delhi

14.
This meeting was a follow up from form a previous meeting at which Prof. Gossian
had described the vehicle mounted LiDAR. An RA demonstrated the Genesys software and
results from a survey of the IITD campus.
2.
For the vehicle mounted system used in IITD, the maximum range is a radius of 35 m
from the vehicle / scanner. The system picks up 3D data, including buildings, trees etc. For
each reflected point position and elevation are recorded. The system includes 360o
photographic images that the LiDAR sampling points can be displayed on. This permits
elevations and dimension of particular features to be identified. This is particularly useful in
the urban environment. Proff. Gossain is using the system to identify levels of surface drains
and manhole covers in New Delhi, amongst other things.
3.

The system permits 3-D models to be developed. Vertical accurace is +/- 20 cm.

4.

Data are in LAS format, but could easily be exported to ascii x,y,z.

5.
A limitation of the vehicle mounted system for floodplain work would be the limited
range. Useful in an urban / village environment.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Dr Subimal Gosh, IIT Bombay
21 May 2013, 12:00, IITB, Mumbai
15.
RBW outlined in broad terms the objective of the ADB project, and the interest in climate
change as it might impact on future flood frequency and magnitude.
2.
Dr Gosh will be using statistical downscaling with a minimum of five CMIP5 GCMs. Daily
precipitation and temperature will be downscaled on a 25 km grid. on a domain covering the
whole of India. MoWR requires a minimum of five GCMs and three RCPs - 4.5, 6 and 8.5.
3.
Results will be made available to the groups working on the water resources
assessments.
4.
IITB expect to use Aphrodyte and IMD historical data to conditions their approach. RBW
wondered about the accuracy of the Aphrodyte data. There will be a need to cross check this
against IMD data.
5.
IITB will use the last 50 years for model validation, and will produce simulations for the
next 100 years under the different scenarios.
6.
The statistical downscaling approach is significantly less computationally intensive /
expensive that dynamic downscaling. IITB will have an 18 month study period, but expect results
to be available by mid-2014.
7.

There will be comparison with the dynamically downscaled results.

7.
The statistical downscaling can run on a normal PC, but for teh project and in view of teh
number of scenarios, a small cluster will be used.
8.
Dr Gosh indicated that the statistical downscaling approaches were not performing
particularly well on extremes at present. There is literature in the statistical journals and a group
at NCAR are thought to be working specifically on the representation of extremes. See a paper
in the Journal of Geophysical Research on downscaling of Indian Rainfall - this looks at
extremes.
9.
Dr Gosh has evaluated the performance of the statistical downscaling models for the
Indian monsoon. Some models do represent the monsoon well, although what one concludes
depends a bit on the metrics used in evaluation. (see Environmental Research letters, 2012).
10.
Dr Gosh thought that the dynamic downscaling was only being carried out by Dr
AchutaRao, and that other groups were not involved. He also thought that AchutaRao was using
a nested GCM, rather than distinct CMIP5 GCMs, and that teh time step would be daily. RBW
thought that while results might be reported daily, the modelling time step would have to be less.
11.
MoWR are not proving funds for mounting the results on a web site or ftp site for
downloading. This could be done but would require additional funding.
12.
Dr Gosh has developed some plans for flood modelling and forecasting in Mumbai.
However, obtaining funs for this work is a problem. City authorities don't have funds.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Manoj Misra, Dr S.K.Jena, Mudit Kapoor,
Lt.Co.S.K.Sharma, Snehalkumar Bokare (Bentley Systems)
21 May 2013, 15:00, Genesys, Mumbai

1.
Manoj Misra had been contacted by Prof. Gossain and went out of his way to ensure
that we were able to meet.
2.
RBW outlined the scope of the ADB project, with particular emphsis on flood hazard
mapping and survey needs for this.
3.
Manoj Misra gave an overview of Genesys. They have been working in the
geospatial sector for 17 years, have around 20,000 employees and are recognised as a
business leader. They have undertaken much of the mapping for Google maps.
4.
In India they 40+ vehicles doing mobile mapping. They have mapped 50 cities in
India, picking up more than 10 million points of interest.
5.

Genesys are working with DHI, Prof. Gossain, EGIS, Bentley, amongst others.

6.
They recently surveyed 47 km of the Satluj for SJVNL. This was to permit evaluation
of a tunnel route. Dr Jena went through a presentation that was very impressive. The
survey was carried out using their terrestrial tripod mounted system in what was very difficult
terrain. The tripod mounted system can cover a radius of 1.5 km, and they also have a
system that can cover a radius of 2.5 km. I expect that the actual range depends on teh
elevation of the instrument in relation to surrounding ground.
7.
They are doing some work on canal surveys related to canal de-silting. This is
obviously linked to the closure period in January, and can be achieved from the canal banks.
The vehicle mounted equipment is best on tarmac and although they are experimenting off
road, there is probably some way to go.
8.

They are confident of an error rage of +/- 20 cm.

9.
RBW asked about hydrographic survey and they have capability in this. They do
have a boat and can use LiDAR above water surface and echo sounding below.
10.
Regarding the NRSA CARTOSAT, Dr Jena was of the opinion that there were
random vertical errors in CARTOSAT that cannot be fully controlled.
11.
RBW raised the possibility linking terrestrial or vehicle mounted LiDAR with
CARTOSAT, using the LiDAR to locally adjust the CARTOSAT at selected locations, and
then creating a wider correction across the floodplain. Minoj Misra thought that this would be
worth trying as in an area such as the Brahmani delta the land is very flat and interpolation
may be possible. It would certainly be worth trying. There could be a selection of calibration
sites and then a further set of verification sites.
12.

Genesys are very keen to be involved in any future work with MoWR / CWC.
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PATA 8089-IND: Operational Research to Support Mainstreaming of Integrated Flood
Management under Climate Change
Notes of From Meeting of Dr Wardlaw with Dr R.Krishnan, Dr Milind Mujumdar, Dr J.Sanjay,
Centre for Climate Change Research (CCCR), IITM Pune
21 May 2013, 11:00, IITM Pune
1.
RBW gave an overview of the project with a focus on the expected climate change impact
assessments.
2.
RBW also outlined his understanding of the climat scanrio downscaling being undertaken as
part of the MoWR initiative to assess climate change impacts on water resources. IITM do not have
any formal role in this, in part because of the nature their funding, and also the commitment of their
resources on ongoing research programmes.
3.
•
•
•

IITM have significant role in the CORDEX programme;
they are working with three models in-house - PRECIS, LMDZ, RegCM4
they expect the results from a further 6 or 7 models to be made available through the work of
other centres internationally;
IITM expect their results to be available at the end of this year, or early 2014; the initial
release of data might be limited to certain variables;

4.
IITM are expecting to mount their results on an ftp server, and these would be made available
to the scientific community and to MoWR; RBW explained that for MoWR their interest would be daily
rainfall, maximum and minimum daily temperature, wind speed, relative humidity and incoming solar
radiation. Dr Mujumdar thought that priority could be given to mounting these data first.
5.
The requirement under CORDEX is for a baseline historic climate simulation - no requirement
for a run without forcing although IITM will probably do this.
6.

IITM are currently having some difficulty with PRECIS on their new computer system.

7.
The LMDZ model (France) is actually a global model that can be zoomed it to a grid spacing
of 35 km. This has been set up with a 35 km grid over India. A single scenario historic +100 future
takes over a year to run. This is being run at present with RCP 4.5.
8.
RegCM has been run with historic period and to a horizon of 2060 (again I think RCP 4.5).
GFDL boundaries being used, runs being extended to 2100.
9.
There is a group at Frankfurt using COSMOCLIM, and data are expected to be provided to
IITM. The ROSSBE centre in Sweden have also agreed to share data with IITM. IITM also expect
results to be made available from a WRF model application in Norway.
10.

IITM expect results of 4 models to be available early in 2014 for at least one scenario.

11.
The standard CORDEX grid is 50 km and all data will be presented in the same format on the
same grid.
12.
The CORDEX programme will continue for a further 3 years, but there is an expectation that it
will continue beyond that.
13.
From the discussions with IITM it is clear that they will be quite willing to share the data from
CORDEX with MoWR / CWC. Dr Krishnan did say that it would be helpful if CWC were a bit more
cooperative in sharing their river flow data as this would help tie down land surface simulation within
the RCMs.
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Appendix D: Focus Issues for Operational Research Identified by CWC
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Of the 13 focussed issues identified by CWC, only two (3 and 4) cannot be addressed in some way in
Phase II of the TA. The issues and the anticipated TA approach to addressing them(in blue italics)
are summarised below.
1.
Review of recommendations of Rashtriya Barh Ayog w.r.t. considering return period of 25
and 100 years for designing flood management structures (embankments etc.) for protecting rural
and urban areas respectively vis-a-vis recommendations in National Water Mission proposing
increase to 75 years and 150 years respectively.
This is a topic that can be considered in the two study basins. The return period that flood
management structures are designed to should be considered in the context of flood risk, and the
consequences of overtopping or a structural failure during an extreme event. Clearly the potential
future climate change impact should influence current design standards and freeboard provisions
and this too will be considered.
2.
Review of keeping a free-board of 1.8/1.5m when the flow is more/less than 3000 cumecs in
design of flood embankments as per recommendation of RBA made in 1970s. This high value of
free-board was kept to take care of uncertainties in the hydrological data which was available only
for about 10-15 years by that time. However, now the data is available for more than 40 years
which reduces level of uncertainty and therefore provision of free-board for embankments may be
considered in this perspective.
In determining embankment free-board, consideration is given to construction tolerances, rates of
future consolidation and settlement, potential wave action, and energy levels. Hydrological
uncertainty and hydraulic uncertainty can be explored through modelling during the design process,
and free-board requirements may be adapted to local conditions. Provision of additional free-board
at the design stage is of course equivalent to designing for a higher return period (1 above), and freeboard, design standard and future climate impact need to be considered together. The Buri Gandak
basin should provide a good case study on which to explore these issues, and this should form part of
the study brief.
3.
One of the likely impacts of climate change is increase in size of glacial lakes leading to
situation of GLOF. CWC already have inventory of glacial lakes and water body in Himalayas and also
monitoring on monthly basis in the monsoon period. Now the need is to have a system of attaching
vulnerability with such water bodies/Glacial lakes with respect to floods.
This undoubtedly an important issue, and is one deserving of a detailed study in its own right. It
would require significantly more resources than are available through the TA and we do not consider
that this topic can be addressed by the TA.
4.
The phenomena of flash flood is not very well understood. What are the models or methods
available for prediction of flash floods to minimise the damages globally ? Seek recommendations
for its implementation in India.
This again is an important topic, but perhaps one that is best addressed through an independent
academic study through collaboration with an IIT or NIT.
5.
There are issues related to compensating the upper riparian, who is providing relief to the
downstream area by way of flood moderation by creating a reservoir. There are no established
methodologies for working out the benefits of such flood management in monetary terms. The
consultancy may recommend a set of models to resolve such issues.
This is very much an issue that IFM should address. Through the use of hydrological and hydraulic
models, linked to flood-depth-damage relationships it should be possible to assess benefits of
upstream control in monetary terms. The economic studies intended for the TA will be exploring
flood damage frequency assessments that should provide a basis for addressing these issues.
6.
Flood inundation modelling is becoming a very important tool for flood management in
India. Central Water Commission is moving ahead in this direction. The major issue is nonavailability of high resolution topographical data for floodplains. In view of this, it would be
interesting to know the available methods for flood inundation modelling in the absence of high
resolution topographical data.
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This is an important issue that will be addressed by the TA. In both study basins it is intended to
research the potential of using localised high resolution LiDAR survey and differential GPS survey to
tune the coarser resolution DTMs derived from satellite systems.
7.
CWC has already created a web-based Water Resources Information System (WRIS) on GIS
platform. The information regarding flood management both structural and non-structural is
required to put on WRIS. The consultancy may suggest ways, extent, formats and sustainable
institutional arrangement both in terms of manpower and capacity, and suggest ways for
improvement, to put the data in the system.
This is very much in tune with the IFM concept. It is envisaged that in the creating of IFM plans in the
study basins, asset plans, asset management plans, flood hazard maps, flood risk maps will be
created in a GIS format. Ultimately these should be available to the public through a web based
portal, and a platform like WRIS provides such a portal. This should be a core research topic for the
TA.
8.
Institutional mechanism: Adequacy of institutional mechanism both at central and state
level in terms of manpower and their capacity may be assessed for carrying out flood management
works both structural and non-structural right from planning to implementation may be assessed. A
comparison with other countries in the world in similar situations may also be made and suggestions
for improvements may be made. An earlier proposal of creation of a specific national body to deal
with issues related to Flood Management may be reviewed.
This has been addressed to some extent in the interim report. As a part of the TA the adequacy of
existing institutional arrangements for implementation of IFM will be considered, and different
models explored in creation of IFM plans in the study basins. This is a very important aspect of the
Phase 2. IFM principles are clearly very well understood, but there do appear to have been
difficulties in creating institutional arrangements for their implementation and this must be
addressed.
9.
Vulnerability Atlas: NRSC in coordination with other related agencies including ISRO, NDMA,
CWC and Government of Assam had prepared Flood Hazard Atlas using Geo-spatial approach in
2011. The Atlas may be reviewed and similar efforts done elsewhere may be compared with this
initiative. Suggestions may be made for up-scaling the initiative.
The vulnerability atlas is a useful tool in outline planning and in dissemination of flood hazard and
risk. Atlases could be viewed as a first step towards creation of more detailed flood hazard and risk
mapping as a part of IFM. The TA can and should address this.
10.
Hand Book on Flood Management: CWC has prepared a Handbook for Anti Erosion Flood
Protection and River Training Works in 2012. The handbook is first of its kind published mainly for
helping practising engineers dealing with flood management works. The book may be reviewed and
further suggestions for improvement may be made.
One of the research topics that is envisaged for the TA is that of embankment failure mechanisms
and the use of rapid appraisal methods for prioritising maintenance and repair activities. The CWC
handbook will be an important starting point and its review and possible expansion to cover
appraisal methodologies should be considered by the TA.
11.
There is a likelihood of delay in communication in reservoir operation on inter-state rivers
during the flood period particularly with downstream states. In such situation, the institutional
mechanism for reservoir operation as well as communication system may be considered.
This may be addressed to some extent in Brahmani basin, but it is a topic that would be worthy of an
independent study.
12.
Modules for the capacity building of the communities with respect to resilience against flood
may be assessed and may be developed after assessment of community preparedness for resilience
against flood through sample survey.
This should be a core focus of the TA and will be addressed.
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13.
The model flood plain zoning bill of the Central Government may be reviewed. Suggestions
may be made for modifications in the model bill and also other policy initiatives both at Central and
State levels may be suggested.
This should be done as part of the TA as part of the institutional reviews and consideration of models
for implementation of IFM.
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