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Executive Summary
The objective of rebuilding Kerala after the floods of 2018 is to Build Back Better in a sustainable way
guided by the principles of Nava Keralam. IWRM is an essential pillar under the complex set of
measures that are required and should contribute in an integrated way, coordinating all water related
activities at river basin level. The Kuttanad/Pamba basin is a front runner in that respect
The joint effort concluded that the flood issues can be resolved to a large extent within the current
boundary conditions of the basin and its most prominent infrastructure. Options have been identified
to enhance ecological value at the same time as realizing water safety and security in wet and dry
seasons. To realize this, it is proposed to make a distinction between the primary, secondary and
tertiary systems. This report addresses the first two.
The primary system comprises the 5 rivers as they flow into the Kuttanad basin as from 40m above
mean sea level, followed by the main riverbeds and canals discharging into Vembanad lake and into
the sea at Thottappally. The secondary system consists of channels connecting the primary system to
the tertiary system, which are large compartments in the flood plain comprising several paddy fields.
The hierarchy of water management at different levels provides a better water regulation mechanism
than the presented unstructured water management.
A secondary system is proposed to connect the primary system to large areas in the flat plains of
Kuttanad that should be compartmentalized. For both the primary and secondary systems several
options are available for further detailing and preparing for decision making. This includes the
functioning of the Thottappally spillway and the Vembanad system with the Thanneermukkom.
Further recommendations are made for ensuring environmental river flow during the dry season and
for enhancing the flow capacity in the downstream river reaches.
The coastal zone between Thottappally and Cochin is an integral part of the primary water system.
The health of the coastal beach system suffers from a lack of sand supply from the rivers, which in the
past were a major sand source for the coast, but which hardly supply any sand in the present
situation. The Action Plan aims at recovering the fluvial sand supply to the coast. A related issue is the
sandbar that obstructs the Thottappally outlet. Some further recommendations are made to tackle
the issues of ill-designed coastal structures, local erosion phenomena and sea-level rise.
Major decision making, including investment propositions, will depend on the availability of a
decision support system based on sound hydrological models that can be used based on reliable data.
Actions are proposed to realize such a system. Such tools are to be used diligently to balance the
competing needs of various stakeholders. This requires sophisticated coordination in an empowered
and inclusive River Basin Authority (RBA). Several technical and institutional scenarios are possible
5

but need fact-based decision making in order to identify optimal solutions considering the various
interests of stakeholders and requirements for safety, security and sustainable use.
The realization of a more optimal primary and secondary system and an operational RBA will require
several years. This action plan identifies so-called no-regret measures and temporary arrangements
that make sense under any scenario and implementation can start within the next 18 months.
The main observation is that all the conditions are there in Kerala to move ahead quickly:
understanding, willingness and preparedness for change. Based on inputs from Kerala actors and
experts several scenarios and options for solutions are available. What remains is to make the right
fact-based choices and implement them.
Immediate actions that can be taken at the political level to create the required additional
momentum are:
• Institutional:
o Endorse at inter-ministerial level the Approach Paper on the River Basin Authority and
the creation of a Cell in WRD to pre-empt the RBA.
• IWRM: Initiate plan studies regarding optimization of the Kuttanad water system and coastal
zone
o Endorse the concept of the primary, secondary and tertiary systems.
o Consider compartmentalization (clustering) of the padasekharams in Kuttanad in
conjunction with review of Thanneermukkom sluice operation. Start with short ESIA
with focus on agriculture, fisheries and eco-system.
o Start actions to arrive at an operational hydrodynamic model for Kuttanad basin
o Reconsider current incoherent haphazard measures and use allocated funds for the
no-regret measures
o Develop the concept of healthy river by ensuring environmental flow in rivers in
coordination with KSEB.
o Replicate Kattakada integrated watershed management in other areas,
• Data management and decision support system:
o Start a water management information system, including decision support models and
facilities for monitoring. Team up with the KSDMA.
• Legal:
o Stop encroachment of riverbanks, bunds and coast. Stop sand mining.
o Review existing water legislation
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Figure 1River Basins in Kuttanad
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1 Introduction
This report is a joint effort of experts from the Government of Kerala and experts from The
Netherlands to prepare a draft Action Plan for a dedicated basin in Kerala. The ownership of the
Action Plan is with the Government of Kerala. The expert team from The Netherlands supports the
GOK in their process to prepare a final Action Plan for the Kuttanad/Pamba basin. This is considered a
priority basin and the results here may be rolled out later to the other 2 basins.
The report presented here reflects the joint effort that started with preparatory activities in Kerala
and The Netherlands, prior to a joint exercise from 8 until 23 March 2019. The experts from Kerala
contributed by providing data, access to experts, specific local knowledge. The Dutch experts
contributed international and specific Dutch expertise that allowed innovative approaches,
methodologies and technologies to be added on to the existing Kerala expertise. One such a
methodology is the format of the draft Action Plan.
Field visits were conducted from 8 until 12 March. Initial options for a more resilient basin were
discussed in a design table like exercise to define potential options, followed by a workshop 14
March. Individual consultations with several additional resource persons complemented the vision
and practical solutions conceived. The draft was presented to the Additional Chief Secretary Water
Resources Development 21 March. This documentdated 25 march concludes the input from the
Dutch DRR team. It is up to the GOK to finalize this Action Plan for further use at the state level.
This draft Action Plan provides a perspective of a sustainable Kerala for which Integrated Water
Resources Management is one of the pillars. The plan provides a long-term vision consistent with the
Nava Keralam approach of the GOK. This is combined with potential scenarios and options
complemented by so-called no-regret actions. An integrated approach to optimize competing needs.
This report has 4 main sections, being chapter 4 on IWRM, which provides the main approach and
outline of the major interventions required. A separate chapter 5 is dedicated to Coastal
Management, since the PDNA report recommended that a basin approach should include the coast
with its outlets to the sea. Chapter 6 is dedicated to data management to allow for a decision support
system considered imperative to move from intuitive to fact-based decision making in investments.
Chapter 3 addresses the institutional aspects to strengthen coordination among stakeholders without
which no IWRM is possible.
Apart from the narrative, a framework is used to structure proposed actions toward implementation.
The principles of a Logical Framework Analysis are applied where clear links are being made between
9

objectives, purpose, actions as well as verifiable indicators, actors and costs plus conditions and risks.
Such a methodology is usually required for financing agencies.
Where possible cost indications are given, but many options still need to be elaborated by the GOK
including elements such as costing and environmental assessment.
An effort was made to link the proposed activities to major drivers such as Nava Keralam, Rebuild
Kerala Initiative as well as ongoing support activities carried out by multilateral and bilateral parties.
An attempt has been made to cost the most obvious interventions and indicate what the sources of
financing might be. Meetings with financial experts from the GOK and World bank or ADB could not
be arranged. To some extent costing has been done successfully in this Action Plan by providing
indications of costs. Further costing and packaging is to be elaborated by the GOK in consultation
with potential financing agencies now that this Action Plan becomes available.
Overall, the cooperation between the expert-teams from Kerala and The Netherlands has been
excellent. The interactions have been transparent in sharing data, concepts and specific ideas.
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2 Background
2.1 Floods 2018
The August 2018 floods triggered massive rescue and relief efforts followed by rehabilitation
initiatives. The Government of Kerala (GOK) considered this an opportunity to build back better with
the Nava Keralam (New Kerala) vision. The GOK is supported by many national and international
parties. Initial analysis was done by the Central Water Commission and the Joint Rapid Damage and
Needs Assessment (JRDNA) of the GOK with the World Bank together with the Asian Development
Bank. This was quickly followed up by the Post Disaster Needs Assessment (PDNA) executed by the
United Nations in cooperation with the European Union. This PDNA has now evolved in the Rebuild
Kerala Development Program. In addition, several bilateral projects have been initiated such as the
modelling of the upper reaches of the Pamba river (with Australia), a study on the Periyar river (with
Japan) and a training program on hydrological and hydraulic modelling (with USA). The Government
of the Netherlands got involved through a joint UN an EU request for assistance in Integrated Water
Resources Management to address the root causes of the flooding.

2.2 Post Disaster Needs Assessment
The PDNA was executed from half September to half October 2018. It comprised many sectors that
investigated the damages and the rehabilitation options. At an early stage it was realized that the
underlying causes of the floods need attention and the GON was approached to provide 2 IWRM
experts through the Dutch Disaster Reduction program (DRR), which aims at post rescue and relief
efforts to quickly identify actions to rebuild the overall water system in an integrated and sustainable
way.
A draft report was presented to the Chief Secretary in October. By that time the principles of Nava
Keralam were ingrained into the proposed way forward. IWRM was considered one of the 4 pillars
under the reconstruction approach. The GOK requested further assistance in preparing action plans.
This resulted in the ongoing Rebuild Kerala Development Program (RKDP) and the IWRM Action Plan
which is the focus of this report. The IWRM Action Plan is prepared by a joint team from Kerala and
The Netherlands. The team has taken note of the information available of the other initiatives and
the draft RKDP report. It is recommended that the outcome of the IWRM mission is streamlined with
the RKDP recommendations.
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2.3 Follow-up
The GOK has adopted the principles of IWRM and aims at the establishment of a River Basin Authority
covering the whole of Kerala. Its initial focus will be on the Kuttanad/Pamba basin. The experience
gained there would be used for the other basins at a later stage. The GOK asked the GON to send
another DRR team to assist the GOK in preparing an Action Plan for this basin. Because the DRR
programme facilitates short term missions of only a couple of weeks, the team from The Netherlands
will see as its primary goal to kick start the action planning. Therefore, the result of this mission’s
exercise will be a draft Action Plan that has to be further elaborated and implemented by the GOK.
The joint team provides a long term IWRM perspective with the necessary requirements and several
scenarios for investment that may be implemented in a coherent way. This is accompanied by noregret measures that can be implemented immediately under any scenario.
This draft Action Plan can be considered a result of the kick start to the final Action Plan. This must be
completed by the GOK now that the direction and methodology have been prepared.
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3 Institutional development
3.1 Purpose of Institutional Development
The purpose of institutional development in IWRM is:
to realize an organizational structure that ensures adequate coordination and management to
realize a sustainable integrated river basin development that provides water safety and security for
all.

3.2 Current status
The next chapters provide scenarios and potential interventions that relate to restoring a sustainable
river basin. An empowered coordinating agency integrating the interests of all stakeholders, to bring
all of this together in one well-coordinated systems approach, does not yet exist.
The main observation is that all the ingredients are there in Kerala. Understanding, willingness,
preparedness for change. Several scenarios and options for solutions are available. What remains is
to make the right fact-based choices and implement them. A River basin Authority would be the
preferred option for this role. Below we expand on the strength and weaknesses of the proposed RBA
and intermediate arrangements until such an RBA is operational.
This chapter draws upon the recommendations from the PDNA IWRM report and relates to some
extent to the draft KRDP report which builds on from the PDNA report. While that KRDP report is
being finalized, this chapter seeks to feed into that report with a focus on actions that can be taken
now with respect for future scenarios still to be decided.
A decade ago, the government adopted Integrated Water Resource Management as the basis for
water resources planning, development, and management. However, the Kerala Water Policy (2008),
which mandates this approach, has not been fully implemented. The implementation of the policy
faced many challenges, including inadequate institutional capacity, lack of coordination mechanisms
across multiple water-related agencies, and insufficient financial resources required to achieve the
goals and objectives of the policy. At present, management of the sector is compartmentalized into
several actors that do not adequately coordinate. The KRDP report lists all the agencies at national
and state level involved.
The KRDP draft report states: “In addition to the natural resources system in Kerala, inadequate
management and development of water resources is also at the root of Kerala’s inability to mitigate
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risks and make more productive use of water resources. Specifically, there are weaknesses in three
‘levers’ of water resource management and development”:
I. Institutions and Policy Framework – Low capacity of institutions, inadequate coordination, and
inefficiencies due to partial implementation of Kerala’s Water Policy approved in 2008;
II. Information and Analysis – Inadequate hydrological data base, information systems, and tools
for sound decision-making and to enable forecasting and early warning to trigger emergency
response;
III. Investment Planning and Implementation – Inadequate investments in building resilient
infrastructure, poor operation and maintenance of assets, contributing to economic losses
across sectors during extreme events.
This Action Plan addresses Integrated Water Management as a guiding principle (Chapters 4 and 5).
Coastal zone management is considered part of the overall IWRM basin approach (Chapter 5). Data
management and Decision support system (Chapter 6) addresses the issues of lever II of information
and analysis. This chapter 3 relates to lever I of Institutions and Policy Framework. The lever III of
Investment Planning and Implementation follow from the costed actions in the framework in each
chapter.
The state of water resources management is a function of these three ‘levers’ which combined,
determine the resilience of the state to water-related risks and its ability to use water productively in
various water- dependent sectors. This, in turn, leads to development outcomes in terms of economic
growth and poverty reduction.
To combine these levers, this chapter proposes actions that can be taken to realize this purpose.
Inspiration was drawn from recent efforts and government endorsement that a River Basin Authority
(RBA) should be created. It is encouraging that an approach paper was prepared in consultation
among departments relevant for IWRM.
Constraints of a very practical nature still exist under the current circumstances and hamper effective
implementation of the government policies and will continue to do so, even if a RBA is fully
operational as aspired. Illegal sand mining, also at the coast, is still a problem in the rivers and along
the coast. Although efforts are made to stop it, mining, also at the coast, still appears to be a
problem. Management of the water beds including the river banks has been divulged to the
panchayat level. Encroachment of the banks of the primary and secondary water system continues
and becomes legalized because of the approval process at the Panchayat level in conjunction with the
Revenue Department. Officially the approval process should include the Irrigation Department, but
this is not adhered to. Once new construction has this approval, it obtains the right of i.e. house
connection for electricity. At this stage removal and destruction is no longer an option because of
14

fear for social upheaval. Strict up-front adherence of existing procedures needs to be implemented
prior to construction. If the system fails also penalties should be applied to the parties granting
permission without the approval of the WRD.
Removal of existing structures from banks of the primary and secondary water system is difficult and
cause for social unrest and political consequences. Nevertheless, there are options including
compensation when the government clearly defines certain areas to be cleared for the greater public
good. A RBA including its River Boards, may consider it as one of its powers to oversee adherence by
the concerned players.
Maintenance of the bunds in the low area of Kuttanad is paid for by the Ministry of Agriculture
Development and Farmers Welfare with actual execution at Padasekharam level entrusted to state
corporations such Kerala Land Development Corporation Ltd. (KLDC), whereas water management of
the main system is done by the WRD. This sometimes results in noncoherent and suboptimal
solutions.
Strengths are obvious as well. Understanding of the need for IWRM and institutional arrangements is
available at the highest level of administrators, among politicians and civil society. Awareness and
actions are also rapidly developing at the Panchayat and District level. The interventions and positive
impacts are evident in the Kattakada Legislative Assembly Constituency. The program started already
before the floods of 2018. There the Mahatma Gandhi National Rural Employment Guarantee
Scheme (MGNREGS) is instrumental in mobilizing manpower. This success story can be replicated for
the rest of Kerala and beyond.

3.3 River Basin Authority
“If you do what you always did, you will get what you always got”
A River basin Authority is an acceptable proposition in Kerala to implement the IWRM concept and
would assure coherent management of the above levers. Guidance was given by the Chief Minister
that an RBA must be established. No preconditions were given. An Approach Paper was prepared by
the WRD in cooperation with relevant other departments. It was endorsed by professionals in the
participating departments as well as by the Minister of the WRD. The Approach Paper can be found in
Annex D. This Approach Paper was inspired by- to some extent similar- international successful basin
authorities. Its propositions show a preparedness to implement fundamental changes. This is an
encouraging development that creates expectations that IWRM may become a reality in Kerala in a
not too far future. Today already the Irrigation Department is being restructured accordingly. The
proposed RBA really reflects the multi-sectoral/stakeholder approach at the appropriate levels,
including relevant departments but also local representation and civil society. Eco-DDR is an
15

important driver for sustainable water management. Proposed funding arrangements are ambitious
but realistic given the tasks that an effective RBA has to take up.

Figure 2 Organizational Setup of proposed River Basin Authority

Whereas the Approach Paper is strong in its purpose it is still weak in how to make the RBA
operational. It proposes a study to detail the proposition. Such a study would need to provide all the
necessary elements for political decision making and providing the staffing, financial requirements
and legal basis, probably by amendment to the existing Kerala Irrigation and Water Conservation Act,
2003. If operationalization only starts then with recruitment, etc., several years will be lost while
important decisions will have to be made as a matter of urgency. In a most optimistic scenario, this
will take 3 years. Some 5 years is more realistic. For the mean time provisional arrangements are
required.
A second weakness of the Approach Paper is that it designates all those that are involved in decision
making at the levels of Governing Council, Executive Committee and Basin Boards. It is not yet clear
where the actual work is done to prepare for decision making based on studies, designs, etc.
Discussions reveal that a preference exists for preparation in the departments. This still needs to be
brought together at a level of professionals.
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This leads to the recommendation that a quick start needs to be made in delineating the tasks
between the departments and a coordinating professional entity or cell. A preference exists for such
a cell in the MWRD.
Earlier attempts were made to establish a State River & Wetland Authority as defined in the Kerala
Irrigation and Water conservation (Amendment) Bill, 2013. Apparently, no such authority
materialized due to disagreement between the concerned stakeholders about distribution of powers
and duties. Important lessons may be learned to consider in the proposed study. Also, the 2008
Water Policy is a solid basis for the required change. However, implementation has failed. The main
reason appears to be that existing organizations continued to operate as they have done before.
A culture change is required now. Encouraging is the current reorganization of the WRD. This
reorganization restructures the departments along the lines of the river basins. But if the same
engineers will be doing the same tasks, the required paradigm change will remain elusive. The people
responsible for a particular river should no longer be the “constructing engineers” but become the
custodians of a “healthy river”. Healthy implies sufficient flow in the dry season, flood management
in the wet season, but also the quality of surface and groundwater for all users. Restoration of
aquatic life should be part of it. Such a custodian role requires people with different mindset than the
traditional engineer. A human resources development plan addressing such a culture change is
needed not only in the WRD but also with the other stakeholders, the Public Works Department and
KSEB included.
The role of a champion at the watershed level has become evident with the success in Kattakada
Legislative Assembly Constituency. The role of this particular member of the Legislative Assembly has
been crucial in the success story here and is an example of what a custodian can achieve.
A new organization at the level of a RBA should not be considered as threatening or taking away
responsibilities or even jobs. The RBA should remain relatively small with implementation tasks
remaining with the (reorganized) departments and local authorities. The example of the Dutch Delta
commissioner could be used as a source of inspiration. There the Commissioner has powers based on
the law supported with the aura of a champion of the cause for sustainable development of the
whole water management system. He is supported by a small bureau with dedicated high-quality
staff of complementary disciplines.
Human Resources Development and Capacity Building needs to accompany the new RBA and the
departments to be restructured. The envisaged study needs to provide proposals for such programs.
Capacity Building should aim at both recruitment and training of staff already employed at the
departments. A remuneration system rewarding staff actually implementing the paradigm shift will
stimulate.
17

Strategic Environmental and Social Impact Assessments should be part of river basin plans. Part of
the SESIA should be a proper water audit. A Water Audit is a check on potential detrimental effects
on the water system of planned interventions like housing or check dams. Also, other plans that can
impact the water system need to be approved such as urban and rural land use plans.

3.4 Intermediate coordination
Preempting a still to be established RBA, temporary arrangements need to be made to assure that
support can be given to the urgently required decision making and support activities like data
acquisition, model building, scenario development, consultations, early implementation (no-regret)
projects, etc.
It is proposed to quickly constitute a cell within the Irrigation Department (RBA/WWC Secretariat and
Support Cell). Staff it with change oriented and ambitious experts from different departments to
create a buy in. The best staff would be required, but they will be required elsewhere as well.
Therefore, the initial cell will need external support to be recruited temporarily from the local,
national and international market. A Program Management Unit (PMU) type of arrangement is a
likely option. Such a PMU will allow for early action and gradual phasing in of permanent staff of the
appropriate standard, while external support is phasing out.
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Figure 3 Organizational Setup of proposed temporary coordination Cell

While there is no legally constituted RBA, it is proposed that coordinating mechanisms are guided by
Memoranda of Understanding (MOUs) between relevant departments (See Approach Paper). Ideal
would be one MOU with all stakeholders, specifying dedicated tasks in attachments. That may be
overambitious and separate MOUs may be more practical. MOUs are simple gentlemen’s agreements
without legal obligations and should be of a temporary nature to make a buy in easier. For several
years would be nice, but even for 1 year with automatic extension if parties confirm, is OK if that
lowers the threshold to step in.
A temporary umbrella MOU between the departments is preferable, because it would allow for a
provisional overarching management structure. Until a full River Basin Authority is formally
established, day to day coordination can start now with a temporary inter-departmental Water
Working Group that can be attached to the Chief Secretary’s office. Its members are the relevant
secretaries and should convene at least twice a month, inspired by the Governing Council of the SAP.
It needs a supporting mechanism to make coordination operational. This could be the envisaged cell
within WRD. The Water Working Group would be well advised by a provisional Advisory Board
comprising representatives with excellent reputation from government, private sector, academia and
19

CSOs. At the level of the cell an external Technical Expert group could provide a second opinion on
proposals being forward from the cell to the WRD. The focal department should be WRD which could
start with preparing bilateral Memoranda of Cooperation with the stakeholders to ensure balanced
arrangements. Such memoranda should be accompanied by bilateral Standard Operating Procedures.
The Water Working Group may report monthly to the Chief Secretary and quarterly to the Council of
Ministers.
A Hydrographic unit is linked to the cell to develop and manage the data and decision support
system. This unit can move to the future RBA in due course or stay with the WRD, based on the
outcome of the proposed study. Another option is to merge it with the proposed Kerala State Water
Data and Analytics Center proposed in the draft KRDP report. See also paragraph 6.2.
A capacity building program needs to be developed to train staff already employed and possibly for
new recruitment. Training of existing staff has the advantage of fresh careers, whereas recruitment
may introduce new ideas. Such capacity building is desirable also for other major stakeholders like
the KSEB. Also, there, staff will have to comprehend that they serve a larger objective than
maximizing electricity production. They should consider that they have a major influence on the
health of the river and indirectly the health of people.
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3.5 Framework
Table 1 Logical Framework Institutional Development
Item

Objective (Re IWRM Objective)
Goal
To enable Kerala’s resilient recovery
and catalyze transformational shift
towards risk-informed socioeconomic development through
supporting sustainable communities,
institutions, livelihoods and putting
in place major infrastructure
Purpose
An organizational structure to realize
a sustainable integrated river basin
development that provides water
safety and security for all

1
1.1

Result Institutional development
A legally constituted operational
RBA

1.2

Temporary Cell in WRD

1.3

Legal framework updated

Verifiable indicators and
timeframe

Means – Actors and
Cost

Conditions and Risks

An adequate RBA in 2023

Legal basis by
Legislative Assembly
Funding
arrangements by
reallocation and
additional resources

Supported by the government.
Buy-in by Legislative Assembly
and civil society

Approved by Q4 2021. Effective Q4
2022

Legal Assembly and
prepared by CM
office
WRD

Accepted by departments at
ministerial level

Established and operational by Q4
2019
Review ready for input in study RBA
Update as draft with RBA study
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Consultant to be
appointed

Current reorganization plan
to accommodate for Cell
Funds to hire consultant
review

4 IWRM: physical planning and
implementation
4.1 Purpose
In Kerala the concept of Integrated Water Resources Management (IWRM) and its related concept of
Integrated River Basin Management is well known and appreciated as well as enacted in the 2008
Water Law. Implementation has been difficult and IWRM is, yet, only to a very limited extend
adopted in water resources management planning and programmes.
IWRM emphasizes cross-disciplinary coordination of water (surface and groundwater), land and
related resources in a river basin, watershed or catchment to achieve long-term sustainability. IWRM
highlights the importance of ecosystem function in the long term, and reminds us that an integration
of policies, decisions and costs are necessary across a multitude of sectors.
Following the floods in August 2018 various reports have recommended a practical elaboration of the
approaches of Integrated Water Resources Management and Integrated River Basin Development in
Kerala all in line with the Kerala IRBM water policy enacted in 2008. In the PDNA a Chapter was
dedicated to IWRM/IRBM. As follow up on the PDNA the Rebuild Kerala Development Program
(RKDP) is being formulated. The program aims at a Resilient Recovery Policy Framework and Action
Plan for Shaping Kerala’s Resilient, Risk-Informed Development and Recovery from 2018 Floods. A
first draft has been prepared which is undergoing public consultations. One of the chapters
formulates the Key Sector Priorities under RKDP and has a sub-chapter on the component: Integrated
Water Resource Management.
The draft document presents the key interventions to address the present IWRM challenges and
contributes to sectoral resilience by identifying numerous actions. Together these actions present a
gigantic task for the GoK to be taken up in the next months and years.
The PDNA and RKPD reports fully address the Kerala setting, the problems and challenges related to
IWRM. This chapter builds on these reports. Hence, it will not give additional general descriptions,
notions or approaches, but has the purpose to give a pragmatic assessment leading to concrete
actions. It will concern viable no-regret actions needed for an immediate start with physical
interventions towards achieving resilience against extreme water conditions (floods and droughts)
and improved conditions for normal operation.
To this end, actions are proposed which concern the Pamba/Kuttanad Basin and more in particular
the Kuttanad Area and Vembanad Lake.
The guiding rule is start from what is already on the ground both with respect to physical
infrastructure, technical tools and knowledge and the Kerala institutional setting.
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4.2 The Kerala wet and dry seasons
For details of the Pamba/Kuttanad hydrological characteristics and data reference is made to other
reports in which detailed information is presented. Nevertheless, for insight in the requirements for
efficient water management it is important to note that in Kerala a clear distinction is to be made
between the Wet Season and the Dry Season (December – April).
Wet Season (May – November)
• Emphasis will be on system resilience to river floods due to heavy rainfall.
• Flood protection along rivers and inside the polder areas to safeguard social and physical
infrastructure (e.g. roads and waterways). Intake of water.
• Ensuring water intake into the Padasekharams to allow fertile sediment to settle on the fields.
• Avoidance of disruption of sanitation conditions.
• Ensure navigable water ways for inland water transport.
• Etc.
Dry season (December – April)
• Emphasis will be on water quality and water availability.
• Ensure healthy domestic water supply.
• Ensure irrigation to padasekharams when and where required.
• Allow for drainage of padasekharams.
• Manage fresh – salt water periods for fisheries through operating salt water intrusion barriers.
• Safeguard the ecology.
• Ensure inland water transport.
• Accommodate and regulate for Tourism, Industry, etc.
In order to deal with all above issues (the lists are not exhaustive), which often may give
contradictory requirements, integrated water management interventions will need to be well
thought through, not only technically, but also from the perspective of the environmental and social
impact they cause. Hence, parallel to the technical analysis and design, environmental and social
impact assessments (ESIA’s) are imperative to avoid undesirable interventions. Integrated design will
include design criteria which come from both the technical studies as well as the comprehensive
EISA’s.
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4.3 Basin characteristics
4.3.1 Pamba River Basin
The focus in this report is on actions related to the Pamba/Kuttanad Basins. In the figure the Pamba
basin is in the South and the Periyar Basin in the North part. In between are, from South to North the
basins of the Achenkovil, Manimala, the Meenachil and the Muvattupuzha rivers.

For this report, for practical purposes, the
Pamba river is on the downstream part
delineated by the apex of its delta which is
where the Achenkovil joins the main stream of
the Pamba at an elevation of about 40 – 50
meter above MSL.
There are 2 major reservoirs in the basin with
Kakki & Anathodu dams forming Kakki reservoir
and Kochu Pamba dam forming Pamba
reservoir.
From diversion dams; Kullar, Gavi, Meenar I,
Meenar II and weir downstream of Kochu

Figure 4: Periyar and Pamba River Basins

Pamba; the water is transferred to
Muzhiyar Dam through penstock pipes to generate electricity at Sabarigiri Hydroelectric power
station. From the Kakkad power house the water is let off to Maniyar River in which 4 electricity
generation stations are located, which operate with minor storages as run-of-river schemes. At
Maniyar Barrage, the water is diverted to Pamba
Irrigation Project (PIP) canals.
During the dry season the Kerala State Electricity Board
Ltd. (KSEB) only releases water for power generation
which results in a river flow which is virtually zero
upstream up to the point where the Kakki river enters
the main Pamba stream. Hence, a dead river is created
with dirty ponds in front of the many check dams which
Figure 5 Pamba Basin with main tributaries
are used for drinking water, bathing and washing
leading to unhealthy conditions for the local people.
This includes the river stretch at the pilgrimage area at Sabarimala Temple - Pamba.
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A main tributary of the Pamba is the Achenkovil. This river is free flowing till its confluence with the
Pamba. Just upstream of this confluence there seems to be a low-lying area now occupied with paddy
fields but possible once a marshy area. A plan exists to build two more dams, the Twin-Kallar Project,
in the two Kallar rivers which are tributaries of respectively the Pamba and the Achenkovil. It is
planned to have trans basin water transfer from Achenkovil and the Pamba.
The Manimala is also a natural flowing river debouching into the Kuttanad area. In the dry season this
river runs dry with similar effects as indicated for the zero flow stretches of the Pamba river.
In the upper reaches of the Meenachil river some 20% of the flow is diverted to the Periyar basin to
be used for electricity generation. The river is free flowing into the Kuttanad area with also virtually
no flow in the dry season.
The Muvattupuzha river receives water from the tailgates of the Idukki Power Plant which is located
along this river. The Idukki reservoir is in the upper catchment of the Periyar river. As a result, a
certain base flow is maintained in the river which creates an environmental flow with better
conditions for domestic water supply.
Three notions are given with respect to the rivers entering the Kuttanad area.
1. Trade-off between revenue from power generation and public health and river ecology
As described above several of the rivers run virtually dry in the dry season with deteriorating effects on
the river ecology and water quality. In the system several trans basin transfers of water takes place and
more are planned. The purpose is always increasing the power generation. The negative effects of lack
of river flow in the dry season on public health needs to be considered from a preventive health care
perspective and a social and economic point of view. The gains made by maintaining healthy
(environmental) flow in the rivers may well be set off against the profits made by generation of power.
To achieve the environmental flow in all rivers existing trans basin transfer may be reconsidered and
new ones implemented in such a way that also
from the health and environmental perspective
the Kerala water resources are used in an
optimal way. As per the Government of India’s
current Guidelines for hydropower projects,
the environmental flow shall be 30% of average
monthly flow during Southwest Monsoon and
25% of average monthly flow during Northeast
Monsoon. KSEBL does not seem to adhere to
Figure 6 Pelgrimage site of Sabarimala Temple
this whilst this should be part of KSEBL’s
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Corporate Social Responsibility (CSR) on which to report in their Annual Report. The paradigm on
maximum power generation may need to shift towards integrated water management catering for a
balanced socio-economic development of Kerala. This trade off needs serious political, scientific and
socio-economic consideration and study.
2. Sediment deposition at Pamba pilgrimage place for the Sabarimala Temple
The second more technical notion concerns the sediment transport. In Chapter 5 some elaboration
will be given of the overall sediment balance between land and sea. It is observed that sediment can
cause bottle necks in the river (particularly after large floods) and silt up canals. During the field trip
of the joint-team to the upper catchment of the Pamba a special situation was observed of extreme
sediment deposition in the Pamba at the bathing ghat of the pilgrimage place of the Pamba
Ganapathy Temple. In the annexed factsheets (Annex C) some suggestions are presented for
disposing of the sediment and for future mitigation.
3. Integrated Watershed Management
In the PBNA report emphasis is given to Integrated
Watershed Management as one of the practical concepts
for Kerala river basin planning. From a visit to Kattakada it
was learned that the concept has been adopted in the
most integrated international state of the art way and with
very positive and verifiable results. If the Vattatha
Uravakkay Jalasamrudhi example is replicated in all the
Kerala watersheds a large part of integrated river basin
management will have been achieved. Kerala has clearly
the knowledge and the experience. It only requires
Figure 7 State of the art example of fully Integrated
Watershed Management
political/administrative will, consent and funding to
actually achieve this established policy goal. Looking at
Kattakada, the local community seems to be ready to take this up with great enthusiasm.
It is understood that IRBM planning and in the first instance modelling of the Pamba Basin will be
undertaken in cooperation with the Australian Global Water Partnership. For the Periyar cooperation
with Japan is foreseen. In this report no further elaboration will be given to basin planning for these
rivers but the focus will be on Kuttanad/Vembanad Basin. It goes without saying that coordination
and cooperation will be required to ensure proper interfacing of models and sharing of optimal
intervention proposals towards the overall goal of “enabling Kerala’s resilient recovery and catalyse a
transformational shift”.
It is advised to draft a Strategic Master Plan to link up and coordinate the different Basin Master
Plans.
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4.3.2 Assessment Kuttanad/ Vembanad water system
Below some notions are present of relevance for the immediate planning of actions.
Since 1955 many interventions took place in the Kuttanad area all with the main objectives to
improve flood control/protection, to ensure reliable fresh water supply to the padasekharams and
facilitate fisheries, ecological restoration (the area being a RAMSAR site) and inland water transport.
To this end major infrastructural works constructed of which Thottappally Spill Way,
Thanneermukkom Barrage, AC Canal and the Kaki Dam & Reservoir had the most impact on the water
management.
Due to “reasons”, plans of 1955 and beyond could not be fully implemented as per design resulting in
haphazard interventions which individually failed to contribute to integral water management of the

Figure 8 Delineation Kuttanad Formation

system. Now still scattered hydraulically uncoordinated interventions are undertaken to meet
administrative and social demands.
Regarding operation and maintenance and monitoring this has, also for “good” reasons been substandard or was not executed at all.
The officers of the ID are well aware and have good understanding and knowledge of the system’s
shortcomings and appropriate solutions, which is manifest from the many technical notes prepared
proposing system improvements. However, till now there was a lack of means and capacity to
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actually carry out these proposals and prepare a master plan for rehabilitation of the Kuttanad area
using the principles of integrated water management.
The Kuttanad area is a complex system of rivers debouching into a mesh of larger and smaller canals
with many permanent and temporary links. This makes it impossible for any engineer to really
comprehend the flows through the system in the wet season and to gain insight where deviations of
flow and bottle necks exist. This results in seemingly erratic and virtually unmanageable flow through
the system.
In the dry season the flow is also determined by the density flows resulting from the fresh – salt
water interfaces and temperature.
Now no hydraulic model exists in which the flows through the complex system can be made
understood. If such a hydraulic model does not exist, proper integrated water management planning
will be impossible. This also means that the effectiveness of any intervention planned can never be
properly determined. Instead of being effective for the objective it was intended for it could well be
that instead the intervention proves to be ineffective.
Worldwide major problems are observed with respect to soil subsidence where coastal marsh land
has been reclaimed to become dry land to be used for agriculture or urban development. Often, the
reason is the compaction of peat soils when drained of water. Reportedly this is not (yet) the case in
the Kuttanad area. Possible reasons could be the predominantly clayey soil of the polder areas and
the fact that paddy is grown which keeps the clay wet. It is advised to set up monitoring of possible
soil subsidence to be able to take timely the required appropriate action.
In 1989 the Dutch funded Kuttanad Water Balance Study was concluded. The study presented an
integrated proposal for development of the Kuttanad area and Vembanad Lake including
padasekharam irrigation, agriculture, fisheries, flood protection, dry season low flow augmentation,
salt-fresh water management and environmental issues. The study gave a drastic proposal to split the
Vembanad Lake in two which was not acceptable. Apart from this, useful proposals were made on
water management. For reasons integral implementation was not taken up.
4.3.3 Analysis of August 2018 flooding in the Kuttanad area
The Kuttanad area, apart from rainfall, was mainly flooded from the rivers out of the Pamba,
Manimala and Meenachil watersheds. The Achenkovil and Muvattupuzha rivers contributed to a
lesser extent to the Kuttanad floods. It seems that the Vembanad Lake hardly caused flooding in the
Meenachil and Muvattupuzha area. The flooded areas consist mainly of low-lying clayey soils; the
non-flooded areas of sandy soils. The soil map is illustrated in Figure 9.
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Figure 9 Soil map of Kuttanad area

A hydrologic and hydrodynamic modelling study should be carried out to fully understand the
interaction between the rivers and the lake. This should include a proper functioning of the existing
system, but also what/if scenarios with interventions/ measures. The interventions should aim to
drain as much water as possible from the Kuttanad area during flooding conditions:
• Increase flow towards the leading canal from the Pamba river to Thottappally:
o Capital and maintenance dredging, so called rejuvenation;
o Straighten Pamba river near bifurcation point;
o Higher bunds;
o Remove obstacles;
o Repair Thottappally spillway;
• Completion of the AC canal;
• Redirect flow to Kayamkulam (drain more via Achenkovil to the south);
• Drain more from Vembanad Lake towards the sea.
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Figure 10 Flood August 18th, 2018 (blue), Kuttanad area(orange),
Pozhis(arrows)

Figure 11 Flood August 18th, 2018 in more detail

A good understanding of the Kerala floods of 2018 can be found in the report: “Kerala Floods and
Landslides 2018, Rapid Damages and Needs Assessment Report, 2018, Government of Kerala/World
Bank/Asian Development Bank, September 2018”.

4.4 Primary, secondary, tertiary water system
In the previous paragraph the complexity of the Kuttanad water system was discussed. For more
efficient water management it is recommended to bring a hierarchy in the system components as
generally is used in managing irrigation and drainage systems. A distinction is to be made between
the primary, the secondary and the tertiary system.
Primary System
As a first suggestion the primary system consists of the lower reaches of the Achenkovil, Pamba,
Manimala, Meenachil and Mavuttapuzha to the point where they debouch into the Vembanad Lake.
In addition, it consists of the Thottapally Head and Outlet Canal, AC Canal and Vembanad Lake up to
Cochin. More specification and or addition may be necessary based on more in-depth local
knowledge.
Secondary System
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The secondary system will then consist of the intertwined system of larger canals in the Kuttanad.
The selection needs to be done by the responsible engineers of the ID, again based on local
knowledge.
Tertiary System
The smaller and very small canals immediately adjacent to the padasekharams will be the tertiary
level of the system. The figure gives some idea of the tertiary system.
Compartmentalization
As a result of the intertwined canal system water management in the Kuttanad is rather complex and
is based on long time experience of the farmers. Typically, each padasekharam has an outer bund
with some water inlet facilities of various
types for taking in irrigation water on to the
paddy fields. At the end of the growing
season water is pumped out into the mesh of
larger and small canals. The outer bund also
serves as flood protection of the
padasekharam.
It is suggested to consider
compartmentalization of padasekharams by
making a logical clustering which then have
one outer bund, well designed and robust.
Inside, the mesh of small canals remains but
do not need to be as robust as they will only
be used for internal water distribution,
drainage and storage of water. The outer
bund will have inlet structures at strategic

Figure 12 Present situation delineation Kuttanad padasekharams

locations to allow wet season flow, with its fertile
sediment, to be flooded over the paddy fields. The
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Figure 13 Present situation of part of Kuttannad canal
system

structures can be combined with pumping arrangements for draining out the water when required.
The compartment can be a year-round fresh water body. By controlling the water inlet with inlet
structures the salt water can be kept outside. Wet season paddy cultivation can take place as per
present practice. After the monsoon rains the canals inside the compartment can be used for water
storage of fresh water harvesting which leads to water conservation. After harvest of the monsoon
crop a second crop can be grown, e.g. cash crops like vegetables, using the remaining moisture
content left in the clayey soils and when needed the fresh water stored in the canals can be used for
supplemental irrigation. Practice will show what kind of crops are most suitable/profitable and how
long crops can be grown based on the stored water in the compartment’s canals from harvesting
rainwaters in November and December and the scattered showers in the dry season.
The outer bund will protect salt or brackish water intrusion into the grid of smaller canals inside the
compartment as well as the adjacent paddy field. Under such circumstances it may be considered to
review the operation of the Vanneermukkom Barrage e.g. allowing earlier opening and inflow of
saline water which would be favorable for fishery and the ecology and keeping the growth of water
hyacinth in check.
With respect to present encroachment of housing on the bunds the compartmentalization will be
neutral as no houses need to be replaced. The outer bund will be a connection from already existing
bunds. In fact, inside the compartment people will be safer.
Compartmentalization will allow for better flood resilience and improved, more effective, water
management within the Padasekharams by having a more clearly defined secondary canal system
and tertiary system within the compartment.
Some considerations in selecting compartment bunds:
• Compartments to be enough in size for efficient water management. To be decided on with full
participation of all stakeholders.
• Next to the rivers align with the river bund.
• Look at the main canals now in operation as future secondary canals.
• Accommodate for canals for inland water transport.
• Compartment bunds/dikes to coincide with the existing (main) roads where possible.
• Be pragmatic!
When the compartmentalization proposal is accepted, considering all local and technical and
ecological implications, the bund heightening proposal for flood mitigation in Kuttanad Region, as
presented on the figure, may require reconsideration. After selection of logic compartments and the
designation of the bunds, which will constitute the compartment outer bund, the bunds inside the
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compartment may not require to be heightened as planned. Heightening will only concern the
compartment bunds. The total length will be considerably less and the total area with heightened
bunds can, for about the same cost, be larger than presently proposed. However, it may be
considered, at some extra cost, to construct more robust compartment bunds to improve flood
protection.
Once a clear lay-out of the primary, secondary and tertiary water system has been defined it will
allow for the much needed Kuttanad dedicated scientific hydraulic modelling which subsequently:
• allows analysis of various intervention scenario's;
• will give design criteria for required interventions for rehabilitation of the system;
• can evolve in a decision support model for normal operation and maintenance and flood control.

Figure 14 Suggestion/Illustration of possible compartmentalization
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4.5 Proposed interventions
Following the extreme floods in August 2018 the Kerala Irrigation Department has identified several
interventions to be taken up immediately to start the programme for future flood mitigation.
Together with the responsible ID staff further interventions have been identified for consideration. A
list is presented below.
Of these interventions a distinction must be made between no-regret measures and measures which
need further study on their effectiveness and the effects on the integrated Kuttanad water system
along the lines as discussed in the previous paragraphs.
In any case it needs to be avoided that haphazard measures are being undertaken without proper
scientific understanding of the system’s hydraulic behavior.
A second consideration is that all present infrastructure will be used (no looking back to the whether
the infrastructure should have been or not have been constructed in the first place).
In general, the principle of “building with nature” is applied. This means that hard water diversion
structures are avoided. By re-aligning river and canals the flow is guided in such a way that the
system will keep velocities high enough to carry its sediment load to avoid the creation of bottlenecks
by sedimentation. Hence, let nature do its own work and just help it a bit to get started.
A major concern and risk is the fear of government staff to remove housing and other encroachments
before being able to execute the works and get entangled in local political disputes. Good
understanding of the hydraulic behavior of the Kuttanad water system is crucial to arrive at the most
efficient design criteria. This can be learned from a scientific hydraulic model. The model may show
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that instead of widening a canal (e.g. AC Canal, Lead Canal) deepening is more efficient. This means
relocating people will not or less needed and the risk mentioned is mitigated.
No-regret interventions:
• Repair of Thottappally Spillway: The structure is and will be an integral part of both wet and dry
season water management. Hence to bring the structure back to original operational conditions is
no-regret.
• Deepening of the Thottappally Lead Canal: Pending final criteria for the desired width and depth
of the canal deepening up to 6 – 8 meters can be considered no-regret.
• Remove the bridges across leading channel which obstruct free flow due to their piers.
• Removal of obstructions in the lower reaches of the rivers and in the AC Canal: This concerns
obstructions by bridges with poor designs such as too many pillars and obstructing debris floating
or otherwise blocking the free flow in canals and rivers. This is also no-regret as this will need to
be done in any case and will already improve flow conditions.
• Dredging access sediments and/or deepening the beds in the existing rivers and canals. In fact,
this mainly concerns delayed maintenance by farmers and ID and as such no-regret as it should
have taken place already.
• Rectifying any delayed maintenance on structures and embankments.
Planned interventions requiring further discussion and study:
• Heightening of bunds: First consideration is to be given to the proposal to compartmentalize the
Kuttanad padasekharams. If the decision for compartmentalization is made some review of the
optimal design is to be carried after which implementation can take place. If the decision is taken
against compartmentalization this project can go ahead with the risk that it will again be carried
out haphazardly without an integrated plan.
• Extend of widening of the AC Canal: The determination of the optimal dimensions of the AC Canal
need further study. That the AC Canal will be an integral part of the primary system is to be
expected. The Kuttanad Hydraulic Model will have to yield the main design criteria (width and
depth).
• Construct single span bridges and openable bridges for A-C canal: The optimal width and of the
uncompleted parts of the AC canal will need review based on hydraulic evaluation of the
effectiveness of the canal considering various widths and depths. Until that has been determined
no final design criteria can be produced. Avoid over or under sizing of the bridges to be cost
effective.
Interventions to improve overall system resilience against floods that need to be further studied
and elaborated on:
• Re-aligning diversion point of Pamba and Thottappally Lead Canal: re-aligning and shortening
Pamba river bed more in line with the alignment of the Thottappally Lead Canal to create a
straight flow pattern from Pamba to Lead Canal. With a deepened Lead Canal more water will be
drawn towards the Thottappally Spillway thus relieving the downstream stretch of the Pamba.
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•
•
•

•
•
•
•
•
•

Develop bypass canals parallel to the leading channel to divert water from Pampa to spillway
Upgrading current system of dewatering units
Installation of Renewable energy measures for operation of pumps and adopting other systems
for land reclamation/bund protection to avoid excess use of natural resources through mining,
but however the conventional usage of prevailing clay+lime+rice straw also to be promoted for
bund protection through land user’s community as a socio-economic escalation measure for
inhabitants
Possible diversion of part of Achenkovil flow towards Kayamkulam Lake.
Reshaping Thottappally outlet canal to allow higher flow velocities thus avoiding silting up of
outlet canal.
Alternative (controlled) outlets from Vembanad Lake towards the sea.
Regulator between Manimala and Pamba river at confluence point. This option is a last resort
when it proves not possible by river re-alignment adjustments to resolve the flow distribution. A
decision needs to be scientifically supported using the Kuttanad hydrodynamic model to be
Connection Manimala with Pamba: reopen bypass canal and align rivers
Permanent coastal opening Thottappally outlet with sea (action 3.4)

In Annex C the interventions are presented in the form of Fact Sheets. The factsheet of an
intervention consists of:
• The location on Google Map with coordinates
• Description of the problem to be solved
• The proposed solutions and, when applicable, realistic alternatives
• Drawing or map of proposed solution
• Explanation how intervention will solve the problem
• Estimated costs
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Interventions
No-regret interventions:

Locations

1. Repair of Thottappally Spillway
2. Deepening of the Thottappally Lead
Canal
3. Remove the bridges across leading
channel
4. Removal of obstructions in the lower
reaches of the rivers and in the AC
Canal
5. Dredging access sediments and/or
deepening the beds
6. Rectifying any delayed maintenance

Planned interventions requiring
further discussion and study:
7. Heightening of bunds
8. Extend of widening of the AC Canal
9. Construct single span bridges and
openable bridges for A-C canal

Interventions to improve overall
system resilience against floods
that need to be further studied
and elaborated on:
10. Re-aligning diversion point of Pamba
and Thottappally Lead Canal
11. Bypass canals parallel to the leading
channel to divert water from Pampa
to spillway.
12. Upgrading current system of
dewatering units
13. Installation of renewable energy
measures for operation of pumps
14. Building with nature for land
reclamation/bund protection
escalation measure for inhabitants
15. Possible diversion of part of
Achenkovil flow towards Kayamkulam
Lake.
16. Reshaping Thottappally outlet canal
17. Alternative (controlled) outlets from
Vembanad Lake towards the sea.
18. Regulator between Manimala and
Pamba river at confluence point
19. Connection Manimala with Pamba
20. Permanent coastal opening
Thottapally outlet with sea

Figure 15 Overview intervention locations
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4.6 Recommendations on Actions for IWRM Physical Planning
and Implementation
1
2
3

4

5
6
7

8

Early decision to be taken on final selection, planning and design and contracting of no-regret
interventions.
Avoid interventions requiring displacement of housing and other properties by considering
alternative design options.
Study and decide on viability of rationalizing Kuttanad Water System with hierarchy of Primary,
Secondary and Tertiary System. This includes decision on viability of compartmentalization based
on stakeholder consultations and consideration of the effects on agricultural, fisheries, ecology,
inland water transport, etc.
Start actions to arrive at an operational hydrodynamic model for the Kuttanad basin including
the Vembanad Lake as Decision Support System (DSS) for scientifically based scenario
development. Subsequently decide on the preferred scenario given Kerala conditions.
Start actions toward the preparation of a Kuttanad Inter Sectoral Development Master Plan.
Start actions toward a (Strategic) Environmental and Social Impact Assessment. Align with
requirements from International Financing Institutions to facilitate easy funding.
Replicate state of the art Integrated Watershed Management experiences developed in
Kattakada (Vattatha Uravakkay Jalasamrudhi) in the middle and upper catchments of the rivers
debouching into the Kuttanad area.
Develop the concept of healthy river by ensuring environmental flow in rivers. Paradigm shift
from maximizing profits from power generation to balancing between reservoir releases for
environmental flow in rivers and releases for power generation.
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4.7 Framework
Table 2 Logical Framework for IWRM: physical planning and implementation
Item
Goal
To enable Kerala’s resilient recovery and catalyse
transformational shift towards risk-informed
socio-economic development through supporting
sustainable communities, institutions, livelihoods
and putting in place major infrastructure
Purpose
Application of IWRM to create a resilient water
system for the whole of Kerala. Specifically, for
the Kuttanad – Pamba basin as a pilot for the
whole of Kerala.
2
2.1

Result: IWRM: physical planning and
implementation
No-regret measures redesigned and executed

Verifiable indicators and
timeframe

Means – Actors and Cost

Conditions and Risks

Final MP presented to GoK
and approved with
funding allocated

Who: Government of
Kerala
Cost: to be estimated by
GoK Departments

Accepted by GoK.
Financing by state or
national funds or by bi- or
multilateral financing
secured
Accepted ESIA on MP

Completed as per design
and commissioned

Who: Ministry of Water
Resources/ Irrigation
department/Contractors
Costs: (estimated by ID)
Who: ID and other
implementing agencies,
private companies
Costs: to be estimated

2.2

Additional required topographic, bathymetric and
hydrological surveys and data collection carried
out

Data incorporated in data
management system

2.3

Delineation of Primary and Secondary Water
System and Compartmentalization of
Padasekharams

Delineation accepted by
all stakeholders and
formally approved by GoK

2.4

List of interventions on existing infrastructure and
alternative options with preliminary designs

Completed studies and
scientific designs
approved by GoK

2.5

IWRM Master Plan for the Kuttanad / Vembanad
water system ready for implementation

Approved by GoK and
funding allocated in
subsequent yearly budgets

2.6

Environmental and Social Impact Assessment
completed

2.7

Measures and interventions planned with funding
secured, contracted and executed as per agreed
upon implementation schedule

ESIA approved by GoK and
when needed by financing
agencies (WB, ADB, etc.)
Interventions completed
as per design and
commissioned as per
implementation schedule
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Who: all stakeholders in
Kuttanad area
Costs: Limited, mainly
Study and stakeholder
consultations
Who: KWRD, Institutions,
private consultants
Costs: to be estimated
(study cost)
Who: WRD with assistance
of private consultants
Costs: to be estimated

Agreement on no-regret
measures and funding

Sufficient quality of
available manpower,
survey equipment and
imagery for topographic
and bathymetric mapping.
Administrative approval
for this approach.
Strategic ESIA approved

Operational hydrodynamic
and flooding model

Who: to be decided
Costs: to be estimated

Strategic Master Plan for
the whole Pamba River
Basin
Accepted by GoK and
financing arranged
Focal department and
ESIA commissioned.

Who: Contractors
Costs: to be estimated

Master plan approved and
agreement on financing.

5 Coastal Management
5.1 Purpose of coastal management
The purpose of coastal management is:
to realize a resilient safe natural coast that ensures an efficient interaction between fluvial and
marine processes and offers opportunities for fishing and urban / tourist development.
This is a long-term objective that requires the implementation of many actions in the short and
medium term. Some of these actions are described in other chapters; these actions refer to:
• Enhancing sand availability to the coast;
• Controlling encroachment of settlements close to the shore
• Restricting activities for which shore frontage is not essential.
Additional actions described in this chapter relate to:
• combating coastal erosion;
• preventing siltation at the Thottapally outlet.

5.2 Coastal issues
The coast of Kuttanad is confronted with various problems. The most important are:
• Loss of beaches;
• Siltation of outlets;
• Access to the beach;
• Inappropriate/ ill-designed coastal structures;
• Long-term safety in the event of sea level rise.
These problems are mutually related. Efficient solutions require an integral water resource and
coastal management approach. The guiding principles which are explained below, with examples
referring to the situation of the Kuttanad coast, are crucial for the effective and efficient naturebased management of water resources and the coastal zone.

5.3 Guiding principles for integral water resource and coastal
management
Principle 1. Let nature work for you.
Water systems can deliver valuable services. If not well designed, they can also cause troubles. A
well-designed water system optimizes the value of services and minimizes the troubles.
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Example: Natural water flow influences erosion, transport and deposition of sediment. In a badly
designed water system sediment deposition can impair the flow capacity of rivers such that flooding
events occur more frequently and such that less sediment is supplied to the shore, causing erosion
that endangers coastal structures and settlements. Nature works against you. Conversely, a welldesigned water system has enough stream power to prevent sediment deposition that obstructs the
channels; sediments are transported to the shore, where beaches are widened and where the
protection function of the coastal belt is strengthened. These are values provided by nature; nature is
working for you; building with nature.
Principle 2. Coastal and river management are intimately linked through natural processes.
Any local intervention that affects the water flow will have an influence on sedimentation and
erosion throughout the fluvial and coastal system. Conversely, any intervention that affects
sedimentation and/or erosion will influence the flow distribution in the system. Sediment flows in the
coastal zone are inextricably linked to the sediment dynamics in the entire system from the upper
catchment to the coastal zone.
Example 1: The coastal sand bar at the Thottapally outlet partially obstructs the outflow channel of
the Pamba river to the sea. It decreases the water flow and the sediment transport capacity of this
river branch. Partial removal of the sand bar increases the sediment transport capacity of the river,
resulting in river bed scour, enhanced water outflow, further removal of the sand bar and enhanced
sediment supply to the coastal zone.
Example 2: Upstream sand mining of the river bed causes undersaturation of the sediment transport
capacity. This induces scour of the downstream river bed, which consists of finer sediment than the
upstream river bed. A decreased sand supply to the coastal zone is the ultimate result.
The more general point is that interventions in the river system and in the coastal zone influence one
another and must be designed taking this interaction into account.
Principle 3. The coastal zone is a connective sedimentary system.
Interventions in the sedimentary system at one location have consequences elsewhere in the system.
Example 1: Groynes collect sand at their updrift side by interrupting the longshore sediment
transport (longshore drift). About the same amount of sand is eroded at the downdrift side. When
sufficient updrift accretion has occurred sand will start bypassing the groyne and downdrift erosion
will stop. However, if sand mining takes place at the updrift side, erosion at the downdrift side will
continue and extend over a long distance.
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Example 2: Low, long-periodic swell waves provide a strong mechanism for net sand transport from
the shoreface to the beach. The result is a (relatively) wide dry beach with a steep seaward slope.
This steep slope cannot be maintained in the monsoon period when the coast is subjected to shorter
high-energy waves. The result is a reduced beach width (temporal shoreline retreat) and a less steep
shoreface profile. Shoreline advance and shoreline retreat thus alternate with the seasons. Sand
remains trapped in the nearshore; probably no (or hardly any) sand is lost to the deep sea. However,
if part of the beach in the alternating zone is protected by a seawall, a net landward shift of the
shoreface profile and the shoreline results (because not enough sand is available for profile
adaptation in the monsoon period). A further landward shift of the shoreline may result from sand
overwash in the case of a low seawall. Sea-level rise leads to drowning of the beach and the
shoreface, because no sand can be borrowed from behind the seawall for profile adaptation.

5.4 Analysis of the current situation
The current situation in the Kuttanad area is characterized by several bottlenecks in the physical
structure of the river system and the coastal system and by shortcomings in the legal and institutional
instruments. The bottlenecks in the physical river system and the legal and institutional instruments
are addressed in other chapters. Here we concentrate on the coastal system.
Shortcomings in the physical coastal system are related to:
• Insufficient sand supply to the coast;
• River outlet siltation;
• Hard coastal structures that hamper an adequate distribution of sand along the coast.
A further important issue is legal (and probably illegal) sand mining in the coastal zone at several
locations, which enhance erosion at other locations along the coast.
The sand balance of the coastal zone is discussed in Boxes 1 and 2. Sand tends to be confined to the
nearshore zone, sand loss to deep water is probably minor. Recovery of the supply of river sand to
the coastal zone will therefore have an important positive effect that will manifest itself in wider
beaches and reduction of erosion hotspots. Adjustments will be needed at Thottapally to take
advantage from an increase in sand supply from the Pamba river. This concerns the relocation of the
small fishing port north of Thottapally, which currently blocks the sand flow to the north and
reinforces the siltation of the outlet (see Box 3).
The benefits of recovering the sand supply of the Pamba river to the coastal zone will be manifest to
the north along the coast only at long term (several decades). Similarly, the positive effect of a ban on
sand extraction from the beach will only become visible after a while. Gradual increase in the sand
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volume of the coastal zone is not only necessary to reverse the current trend of beach degradation,
but also to reduce the impact of relative sea level rise, which is expected to increase in the coming
decades and centuries.
Some local erosion hotspots will remain, especially in the near future. The presence of hard coastal
structures (groynes and rubble-mound seawalls) at inappropriate locations is an important cause
(Noujas and Thomas, 2018). Redesign of these structures based on detailed mathematical modelling
and sand bypassing can eliminate part of the erosion hotspots.
Mud banks along the coast that develop during monsoon conditions also play a role in creating local
accretion and erosion zones (Noujas and Thomas, 2015). The location of these mud banks varies in
the course of time, but mud bank-related erosion can cause locally serious problems. A solution to
these problems can be provided by sand nourishment. For this purpose, sand is mined in the sandy
offshore zone at depths greater than about 30 m (see Box 1) and disposed on the beach (or close to
the beach).
A typical way of doing this is shown in the
figure opposite. In the case of persistent
erosion, sand nourishment must be repeated
after a certain time. The nourished sand,
however, remains in the zone near the coast
and benefits to other coastal stretches when
it is transported along the coast. This is a
major advantage of sand nourishment over
other coastal protection measures.

Adequate knowledge of the dynamic behavior of the coastal system is a key condition for decision
making, detailed elaboration and planning of interventions. This requires:
• the establishment of a coastal monitoring program, which provides information about the
current coastal bathymetry and its evolution over time, in relation with external conditions
(wind, wave climate, sediment supply);
• the development of a coastal morphological model that can simulate the effect of
interventions on the development of the coast at different spatial and temporal scales;
• trained experts to carry out these tasks.

43

Box 1. Sand flux to the coastal zone
The figure represents schematically Kuttanad coastal zone, the catchment basins and the current river sand
balance. In the catchment basins 3 zones are indicated: a highland zone (>40 m) with reservoirs for electricity
generation and water storage, a midland zone (4-40 m), where river bed slope is the main driver for river flow,
and a lowland zone where river flow is mainly driven by water surface slopes. The offshore zone is
characterized by a steep shoreface consisting of medium sand (grainsize 0.2-0.4 mm), a mud zone (mainly silt)
extending to a depth of about 30 m, a zone covered with relict medium-sized sand and a mud zone at greater
depths (Sukamaran et al, 2010; Noujas et al, 2016). Low, long-periodic swell waves play an important role in
preventing the escape of sediments from the nearshore zone to deep water.
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Weathering and landslides in the highland and midland zones bring sand (and finer and coarser material as
well) to the rivers. Part of this sand is deposited in the reservoirs, part is extracted by sand mining activities
(Latha and Vasudevan, 2016) and part is deposited on the river bed. There is (almost) no sand flux to the sea
because the flow velocities in the lowland zone are too small for significant transport of materials with
grainsizes greater than silt (Narayana, 2006).
A bulge is visible in the present coastline of the
Kuttanad area. It is highly probable that in previous
centuries sandy material was brought by rivers to
the sea in this area. Recovery of this fluvial sand
supply to the coast would greatly contribute to
solving the issue of coastal erosion. Recovery of the
fluvial sand supply requires stopping sand mining
and by increasing the flow capacity of the river in
the lowland zone (see proposed IWRM measures).
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Box 2. Erosion of the Kuttanad coast.

The figure represents schematically the sediment flows in the Kuttanad coastal zone and river catchments
(see also Box 1) in the present situation. Brown arrows indicate sand flows and green arrows indicate
flows of muddy sediments (mainly silt). Mud sedimentation occurs in the lakes and in the lowland portion
of the rivers, which consequently have become very shallow. Some mud is outflowing to the sea and some
mud is imported from the sea to the lakes (Narayana, 2006).
The overall yearly average sand balance of the shoreface is dominated by coastal erosion (Pavithran et al,
2014); lesser contributions are related to coastal accretion, net littoral drift (Sheela Nair et al, 2015) and
relative sea-level rise. It is probable that most coastal erosion is due to sand mining from the beach and
from coastal inlets. It is often not realized that extraction of sand in one place has consequences for
erosion in other places (see the first example of Principle 3). It can therefore be expected that a ban on
beach sand mining will make an important contribution to reducing the overall net coastal erosion along
the coast of Kuttanad. The relative rise in sea level also contributes to overall shoreline retreat and beach
lowering, but to a lesser extent. Coastal nourishments with sand extracted in the sandy zone below the 30
m depth line can compensate for this coastal decline.
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Box 3. Thottapally outlet

fishery
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Thottapally
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sand bar

Present situation

Relocation of fishery harbor

The Pamba river flows into the sea via Thottapally outlet. Part of the discharge of the Pamba river goes to
the Vembanad lake. During the dry season, a sandbar forms in the Thottapally outlet that closes the
outlet. This sandbar is an obstacle to the flow when at the beginning of the monsoon period the discharge
of the Pamba river increases, which amplifies the risk of flooding. At present the sandbar is for this reason
partly dredged away at the start of the rain period.
One of the recommendations (see Chapter 4) is to increase considerably the discharge to the outlet by
adjusting the channel that connects the Pamba river to the Thottapally outlet (channel alignment,
adjustment of depth, removal of obstacles). It is possible that in this case it is no longer necessary to
dredge the sandbar, because the natural stream power is enough to flush away the bar. However, when
the sand supply of the Pamba river to the coast will be recovered, the fishing port north of the Thottapally
outlet is a serious obstacle to the northward sand flow along the coast. It is therefore recommended to
remove the fishing harbor to the south of the Thottapally inlet. Otherwise the sand outflow from the inlet
will contribute to further obstruction of the outlet.
Relocating the small fishing harbor situated north of the Thottapally outlet to the southern side of the
outlet is a no-regret measure that is recommended anyway. The fishing harbor then will reduce
sedimentation at the outlet by catching the sand that is supplied via the net northward littoral drift.
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Bathymetric measurements (annual cross-shore depth profiles of the beach and shoreface in
transects with a spacing of 200 m along the coast) are needed to estimate the sand volume in the
nearshore zone, which is a crucial parameter for assessing coastal erosion / accretion trends.
Modelling is necessary not only for predicting the effects of interventions; models are also crucial for
interpreting monitoring data and to assess if interventions are needed for maintaining a good status
of the coast.
A structural budget must be made available for coastal monitoring (ships, equipment, staff, data
processing system) and modelling (water levels, waves, currents, sediment transport, accretion,
erosion).

5.5 Framework
The measures indicated in the framework below are the logical steps required to achieve the final
purpose defined in 4.1, following the above analysis.
Table 3 Logical Framework for Coastal Management
Item

3
3.1

3.2

3.3

Objective

Goal
To enable Kerala’s resilient recovery and catalyse
transformational shift towards risk-informed socioeconomic development through supporting
sustainable communities, institutions, livelihoods
and putting in place major infrastructure
Purpose:
A resilient safe natural coast that ensures an
efficient interaction between fluvial and marine
processes and offers opportunities for urban /
tourist development and fishing
Results
Coastal monitoring program, which provides
information about the current coastal bathymetry
and grainsize distribution and its evolution over
time, in relation with external conditions (wind,
wave climate, sediment availability).
Coastal morphological model that can simulate the
effect of interventions on the development of the
coast at different spatial and temporal scales.
Enforced ban on beach sand mining

Verifiable indicators and timeframe

Means – Actors
and Cost

Conditions and Risks

Pamba sand outflow to the coastal
zone from 2025; no net beach
erosion from 2023; targeted safety
level against flooding realized in
2032.

GOK, WRD.

Political priority for
IWRM and coastal
management

Coastal monitoring program
implemented and running,
Immediate action, finalized 2021.

WRD.
Set-up costs of
the order of 10
M$, recurrent
costs 1 M$
WRD.
Costs of the order
of one M$.
No costs.

Adequate organization,
trained technical
experts, financial
means.

Coastal morphological model
validated and operational,
Immediate action, finalized 2021.
Beach sand mining stopped in 2021.

3.4

Relocation of the small fishing harbor situated
north of Thottapally outlet to the south side of the
outlet.

Relocation realized 2021.

WRD.
Costsof the order
of one M$.

3.5

Definition of desired protection level against
flooding, desired beach width, desired shoreline,
required set-back line, taking into account
projections for sea-level rise and sand supply and
taking into account opportunities for urban/tourist
development and fishery.

Introduction of (1) a guaranteed
minimum protection level against
flooding, (2) targets for beach width
and shoreline position and (3) setback lines into the coastal law in
2023.

GOK, WRD.
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PhD-level technical
experts, financial
means.
Political priority for
amending and enforcing
the coastal law.
Planning decision on
state level. Support of
fishermen and other
stakeholders.
Experts trained in
interdisciplinary studies.
Support of stakeholders
and the public.

3.6

Design of a coherent and effective scheme of
coastal structures

Remodeling of coastal structures
finished in 2023.

3.7

Design and implementation of a coastal
nourishment program

Sand nourishment program
operational from 2023.

3.8

Redesign (including removal) of hard coastal
defence structures in relation to the sand supply
by the rehabilitated Pamba river to the coastal
zone.

Final coastal protection scheme
realized in 2032.
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WRD.
Realization costs
of the order of 12 M$.
WRD.
Costs of the order
of 2-5 M$/year.
WRD.
Costs (of the
order of several
M$) depending
on redesign
study.

Political will to amend
and enforce the coastal
law.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.

6 Data management decision support systems
6.1 Purpose of Data Management and Decision Support Systems
for IWRM
An important prerequisite of IWRM is the availability of enough and reliable data and state-of-the-art
hydrological and hydraulic models that enable the development of scenarios for physical
interventions. It will also assist in the detailing of scientifically based design criteria for these
interventions. It will further allow to validate findings of Environmental and Social Impact
Assessments (ESIA), including mitigating measures that prevent environmental deterioration1.
Models can be used to:
• Forecast Floods
• Manage droughts
• Design interventions/ determine hydrologic and hydraulic effectiveness of measures
• What/if Scenarios
• Validate ESIA
• Support decisions
For the immediate future, the inflow into Kuttanad Basin, in both dry and wet seasons need to be
hydrodynamically modelled and this model will also be used for flood forecasting and can be coupled
with Numerical Weather and prediction systems. The hydrodynamic model also needs to allow for
water management operations and design, for the Kuttanad water system.
A special GIS and modelling unit (hydrographic unit attached to the PMU, reference chapter 3.4) will
be needed to be made responsible for daily operation and disaster management. This unit needs to
be equipped with state-of-the-art hardware and software and have well educated staff (a reference is
the setup as exists at KSDMA). This unit will support time critical decisions, which are required and
need to be made, based on historical events and recent observations and predictions of water related
events. Such decisions are important due to the occurrence of weather-related extremes such as
floods and droughts and the increasing pressure on already stressed water resources, and the
impacts that these events have. Through taking well-informed decisions, adverse consequences such
as loss of life and damage to environmental and ecological assets can be minimized, or the adverse
effects of the suboptimal distribution of water in the face of shortage can be avoided.

1

PDNA report, October 2018
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6.2 Current status
Unfortunately, the data that is currently used to support these decisions is fragmented and the
forecast process manual and cumbersome. When requested on short notice, it proves very
cumbersome to get hold of reliable validated data with proper references respect to location
(coordinates), original source, dates, methods of measurements and surveys, etcetera.
The challenges for developing a good water information or forecast system are found in the efficient
integration of large data sets, specialized modules to process data, and open-interfaces to allow easy
integration of new and existing modelling capabilities. The GoK is already taking steps on these
matters. Further details are described in the draft RKDP report (2018), especially the paragraph 4.4
on Open Data and Kerala State Water Data and Analytics Center. A graphical representation of this
center is shown below (Figure 16).

Figure 16 Kerala State Water Data and Analytics Center
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At WRD/IDRB a whole suite of state-of-the-art models is available. The actual application of these
models and usability and capability of staff to operate them will require a special training program.
Some of this training is already envisaged to be taken up shortly. However, a more specific training
needs assessment, training plan and its implementation will need to be taken up in the immediate
future. To allow a kick start in use of available models, consultants could be hired to start developing
the Kuttanad hydrodynamic modelling of the Pamba river basin, up to Kuttanad will be taken up by
Australian GWP. A review of the existing models may be required, also in view of different
international partners involved in Kerala River Basin Development activities. A proper alignment of
the models is needed.
As mentioned in de PDNA report (October 2018) it is necessary to commence a Hydrological Crash
Programme. The collection of available data can start right away (see Annex C for technical data
needed for modelling). The data need to be compared to international standards and improved
accordingly. In parallel, requirements should be set for the hydrological and hydraulic software and
use that as a benchmark for total data collection and verification. In sequence, the hydrological
model for the Kuttanad/Pamba basin can be built to obtain a proper scientific understanding of the
system.

6.3 Key components of the DSS
How to best manage the forecast process for decision making in case of flood risk or other water
related conditions is to equip the hydrographic unit with a Flood Early Warning System (FEWS) or
Decision Support System (DSS), The DSS handles large amounts of forecast data efficiently, integrates
the latest observations with the most recent meteorological forecasts and provides for consistent
data quality, standardized work processes, visualization and reporting. Such a DSS links different
model allowing massive computations on dedicated hardware, in the cloud, or both. This allows for
remote collaboration between multiple experts working and interacting with the same data.
This DSS should consist of a sophisticated set of configurable modules for building a hydrological
forecasting system customized to the specific requirements of the PMU hydrographic unit (see Figure
17).
Such a DSS should be designed to support the flood forecasting process, provide a flexible and
modular structure. It will be very well suited to support day-to-day operational management, realtime control and forecasting and warning. This concerns other disciplines, like water quality, reservoir
management, hydropower, navigation, groundwater, drought and dike strength monitoring.
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Coastal morphologiocal
model

Figure 17 Key model components of a DSS

In the Netherlands Delft-FEWS is used as a platform for real time forecasting and water resources
management. The philosophy of Delft-FEWS is to provide an open system that allows a wide range of
existing forecasting models to be used, including HEC-RAS, HEC-HMS, ISIS, Mike11, OpenDA,
OpenStreams, RTC Tools, SOBEK, DELFT-3D, Flood Modeller Pro and HBV. Delft-FEWS is the world
leading flood forecasting framework.
SOBEK is based on high performance computer technology and integrates different modules to
simulate aspects of the water systems. These modules can be operated separately or in combination.
The data transfer between the modules is fully automatic and modules can be run in sequence or
simultaneously to facilitate the physical interaction. The integrated approach makes SOBEK a
valuable instrument for flood forecasting, navigation, optimizing drainage systems, controlling
irrigation systems, reservoir operation, sewer overflow design, groundwater level control, river
morphology regulation, and water quality control. The integrated approach also means that SOBEK
can combine river systems, urban systems and rural systems for a total water management solution
(DELTARES, 2013).
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6.4 Framework
Table 4 Logical Framework for Data management and DSS
Item

Objective (Re IWRM Objective)

Verifiable indicators and
timeframe

Means – Actors and Cost

Goal
To enable Kerala’s resilient recovery and catalyse
transformational shift towards risk-informed socioeconomic development through supporting
sustainable communities, institutions, livelihoods
and putting in place major infrastructure
Purpose
An adequate hydrological data base, information
systems, and tools for sound decision-making and
to enable forecasting and early warning to trigger
emergency response.

Conditions and
Risks

Accepted by GoK.
Financing by state
or national funds
or by bi- or
multilateral
financing secured
Accepted ESIA on
MP. Political
priority for DM and
DSS in relation to
IWRM

4
4.1

Results
Digital data system with all current available
validated data

Data incorporated in data
management system

Who: WRD
Costs: to be estimated by
WRD

4.2

All-encompassing FEWS/DSS

Operational FEWS/DSS

4.3

Numerical Weather and prediction systems

Operational Numerical
Weather and prediction
systems

4.4

Rainfall-runoff modelling

Operational Rainfall-runoff
modelling

4.5

Reservoir models

Operational Reservoir
models

4.6

Landslide warning systems

Operational Landslide
warning systems

Who: WRD/ RBA
Costs: to be estimated by
WRD/ RBA
Who: Kerala State Disaster
Management Authority
Costs: to be estimated by
KSDMA
Who: WRD
Costs: to be estimated by
WRD
Who: Department of Kerala
State Electricity Board?
Costs: to be estimated by
DKSEB
Who: Land use department?
Costs: to be estimated

4.7

Routing models, hydrodynamic models

Operational Routing models,
hydrodynamic models

4.8

Flood inundation models. Operational Hydraulic
Model which can evolve into a decision support
model for normal operation and during extreme
floods or droughts

4.9

Urban drainage models

Operational Flood
inundation models.
Operational Hydraulic Model
which can evolve into a
decision support model for
normal operation and during
extreme floods or droughts
Operational Urban drainage
models

4.10

Coastal morphologiocal model

Operational Coastal shelf
models
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Who: WRD(Australia, Japan)
Costs: to be estimated by
WRD
Who: WRD/ CWRD?
Costs: to be estimated

Who: WRD?
Costs: to be estimated
NCESS?

Cooperation of all
the stakeholders to
supply current
available data
Operational model
listed under results
4.2 – 4.10
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.
Trained technical
experts, financial
means.

Trained technical
experts, financial
means.
Trained technical
experts, financial
means.

7 Actual actions to be taken
Table 5 List of actual actions to be taken
Item

Actions

Actor

Result 1
1.1
1.1.1

Institutional
A legally constituted operational RBA
Concept Approach Paper accepted

Chief Minister

1.1.2

RBA Study as per Approach paper

Consultant

1.1.3

Consultations with Civil Society and Legal
Assembly members

WRD with NGOs

1.1.4

Government approval

Joint Ministers

1.1.5

Legislative Approval

Legislative
Assembly

1.1.6

Nominate Advisory Board

Chief Minister

1.1.7

Mobilization RBA

Chief Secretary

1.1.8
1.2
1.2.1

Inauguration
Temporary Cell in WRD
River basin Cell in WRD

Chief Minister

1.2.2

Water Working Group

1.2.3

Technical Expert Group

1.2.4

Umbrella MOU

Approval Minister
WRD
Approval Chief
Secretary with
support from cell
Approval Chief
Secretary with
support from cell
Chief Secretary
with support from
cell

Comments

Planning in months
1-3
4-6
7-9

Chief Secretary with support WRD. Already accepted at
professional level but not yet ministerial.
Hired by WRD. Financing to be secured. TOR and appointment
to be concluded in 6 months. Commissioning by ACS WRD in Q3
2019. Financing from bi-or multilateral source. Study to be
detailed enough to go to legislation immediately after approval.
Sufficient details for mobilization
Hired by WRD. Campaign to be activated form Cell after
approval WWG. Start on time. Time pressure is detrimental yo
effectiveness campaign
Chief Minister’s office to coordinate. Concise report by WWG on
results of consultations, accompanied by RBA Study
Chief Minister’s office to forward document. Legislative
Assembly to be properly informed by consultations and report
to Chief Minister.
Proposals by departments and civil society. Buy in essential to
avoid delay. Link to result consultations. Be aware not tos elect
single issue representatives.
Chief Secretary to supervise Supported by WRD Cell/PMU.
Building up staff capacity and required facilities require time..

10-12

13-15

15-18

>18

XXX
XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX

XXX

XXX
XXX

Prepared by ACS WRD. Amend current reorganization plan

XXX

Representatives from each department. No financial resources
required. Part of the job.

XXX

Proposals by departments and civil society. Minimal costs from
recurrent budget

XXX

Prepared by WRD in cooperation with other departments.
Interdepartmental MOU lays down the outlines and intentions

XXX
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Item

Actions

1.2.5

Bilateral MOUs between Departments

1.2.6

Capacity Building

1.2.7

External support (PMU)

1.2.8

Capacity development

1.3
1.3.1

Legal framework updated
Analyze past water related laws for success
and fail factors
Draft new legislation to accommodate IWRM
and RBM principles

1.3.2
Result 2
2.1
2.1.1
2.1.2
2.1.3
2.2

IWRM: physical planning and
implementation
No-regret measures redesigned and executed
Decide on no-regret measures to be taken up
in this and next years’ budget
Review designs and prepare cost estimates

Actor

Additional Chief
Secretary WRD
DWR Cell with
other
departments
Consultants(s)
Dedicated
advisors

Re Consultant for permanent RBA

10-12

13-15

15-18

>18

XXX
XXX

XXX

Hired by WRD. External project financing to be arranged (US$
2.500.000)
Part of external advisor to the Cell/PMU

Consultant for
study

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX

XXX
XXX

XXX
XXX

XXX

XXX

WRD

xxx

WRD

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

WRD

2.2.3

Assess immediate data needs for
implementation of no-regret measures
Start or commission surveys

2.2.4

Analyze and validate collected data

WRD/Hydrometric
Unit/Consultants

2.3

Delineation of Primary and Secondary Water
System and Compartmentalization of
Padasekharams
Study most appropriate inclusion of rivers
and canals in primary system and decide

2.3.1

of the cooperation. This covers the issues similar for all
departments
Prepared by Cell/PMU in cooperation with other departments.
MOU to delineate specific task distribution.
Recruit form WRD and other departments. Probably additional
external recruitment required.

Appointed by WRD

GoK/WRD

2.2.2

Planning in months
1-3
4-6
7-9

Consultant

Secure funding and contract out
Additional required topographic, bathymetric
and hydrological surveys and data collection
carried out
Improve and expand monitoring systems

2.2.1

Comments

To be part of a hydrological crash program

WRD/Hydrometric
Unit

WRD

As part of a Hydrological Crash Programme Increase number of
sampling stations, increase density of gauges, repair broken
equipment
xxx
Consider use of Water Drones to support high resolution
2DFlow and Sediment Transport Modelling

WRD with
assistance of
institutes or
consultants

xxx

xxx
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xxx

xxx

xxx

xxx

Item

Actions

Actor

2.3.2

Study most appropriate clustering of
padasekharams and delineations of bunds in
consultation with stakeholders
Seek political/administrative approval

All stakeholders
facilitated by
NGO/consultant
GoK and
Stakeholders

2.3.3
2.4

2.4.1

List of interventions on existing infrastructure
and alternative options with preliminary
designs
Study intervention options and prepare
factsheets for initial selection

2.4.2

Develop scenario’s for selection optimal
combination of interventions

2.5

IWRM Master Plan for the Kuttanad /
Vembanad water system ready for
implementation
Prepare Terms of Reference for preparation
of Master Plan
Tendering process for selection consultants
Select consultant and start Master Plan
project
Environmental and Social Impact Assessment
completed
Prepare ToR, commission and implement

2.5.1
2.5.2
2.5.3
2.6
2.6.1
2.7

2.7.1
Result 3
3.1

3.1.1
3.1.2

Measures and interventions planned with
funding secured, contracted and executed as
per agreed upon implementation schedule
Project formulation, planning, design,
funding, contracting, execution
Coastal Management
Coastal monitoring program, which provides
information about the current coastal
bathymetry and grainsize distribution and its
evolution over time, in relation with external
conditions (wind, wave climate, sediment
availability).
Extending the staff of WRD with coastal
experts and training of the present staff
Study to define data needed for coastal
monitoring in view of redesigning coastal
structures and implementing a sand
nourishment program

WRD with
assistance of
consultants
WRD with
assistance of
consultants

Comments

Planning in months
1-3
4-6
7-9
xxx
xxx
xxx

10-12
xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx
xxx

xxx

xxxx

WRD
WRD / Consultant
or Institute

xxx

WRD and other
DEpartments
Coastal monitoring program implemented and running 2021.

WRD

XXX

XXX

Consultant hired
by WRD

XXX

XXX

56

>18

xxx

xxx

To be decided and
WRD

15-18

xxx

Make use of developed hydrodynamic(1D) and flood
inundation(2D) model

WRD/ PUM

13-15

XXX

xxx

xxx

xxx

xxx

xxx

xxx

xxx

xxx

Item

Actions

Actor

3.1.3

Implementation of coastal monitoring
(organization, ships, equipment, data
processing software, operationalization)
Coastal morphological model for simulating
the effect of interventions on the
development of the coast at different spatial
and temporal scales.
Terms of Reference for development of the
model
Development of the model, testing and
validation
Operational use of the model
Enforced ban on beach sand mining
Inventory of beach sand mining (legal and
illegal) and study of sand resources as
alternative for beach sand mining
Implementation of ban on sand mining
Relocation of the small fishing harbor
situated north of Thottapally outlet to the
south side of the outlet.
Study (including stakeholder consultation) on
relocation of the fishing harbor and
Environment Impact Assessment
Definition of desired protection level against
flooding, desired beach width, desired
shoreline, required set-back line, taking into
account projections for sea-level rise and
sand supply and taking into account
opportunities for urban/tourist development
and fishery.
Study of options, including stakeholder
consultation)
Implementation in the coastal law
Design of a coherent and effective scheme of
coastal structures
Assessment of the functional performance of
the coastal protection/ erosion control
measures adopted till now along different
sectors of Kerala
Design and implementation of a coastal
nourishment program
Redesign (including removal) of hard coastal
defence structures in relation to the sand

DRWD

3.2

3.2.1
3.2.2
3.2.3
3.3
3.3.1

3.3.2
3.4

3.4.1

3.5

3.5.1
3.5.2
3.6
3.6.1

3.7
3.8

Comments

Planning in months
1-3
4-6
7-9

10-12
XXX

13-15
XXX

15-18
XXX

XXX

XXX

XXX

>18
XXX

Coastal morphological model validated and operational 2021.

WRD
Consultant hired
by WRD
DRWD

XXX
See chapter 6 for the relation with river basin modelling

XXX

XXX

XXX
Beach sand mining stopped in 2021.

WRD

XXX

XXX

XXX

Relation with action 1.3.3
Relocation realized 2021.

WRD

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

Introduction of (1) a guaranteed minimum protection level
against flooding, (2) targets for beach width and shoreline
position and (3) set-back lines into the coastal law in 2023.

Consultant hired
by WRD
Consultant hired
by WRD
Consultant hired
by WRD

Consultant hired
by WRD
Consultant hired
by WRD

Relation with action 1.3.3
Remodeling of coastal structures finished in 2023.

XXX

XXX
XXX

XXX

XXX

Sand nourishment program starts in 2023.

XXX

Final coastal protection scheme realized in 2030.

XXX
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Item

Result 4
4.1

4.1.1
4.1.2

4.1.3

4.2
4.2.1

4.2.2

Actions
supply by the rehabilitated Pamba river to
the coastal zone.
Data management and DSS/ FEWS
Digital data system with all current available
validated data
Data availability overview ASAP including
relevant stakeholders
Connect to the Kerala Open Data Initiative
and Kerala State Water Data and Analytics
Centre
Request river basin scale model developed by
Department of Civil Engineering, Indian
Institute of Technology, Delhi in 2012.
All-encompassing FEWS/DSS
Selection of dedicated models

4.2.3

Capacity building of experts on selected
models
Write ToR for Design of FEWS/DSS

4.2.4

Design of FEWS/DSS

4.3
4.4
4.4.1

Numerical Weather and prediction systems
Rainfall-runoff modelling
Determine whether existing model(s) can be
used

4.4.2

If answer on 4.4.1 is YES then make them
operational. If NO, then write ToR for RRmodelling
Development of the model, testing and
validation
Operational use of the model
Reservoir models
Determine whether existing model(s) can be
used
If answer on 4.4.1 is YES then make them
operational. If NO, then write ToR for Rervoirmodelling
Development of the model, testing and
validation

4.4.3
4.4.4
4.5
4.5.1
4.5.2

4.5.3

Actor

WRD

Comments

Planning in months
1-3
4-6
7-9

Hydrological crash program to be considered.
Also reference to Water Resource Management Information and
Analysis table 11 (RKDP 2018)
Further explore/deepening information and data analysis RKDP

13-15

15-18

>18

XXX

WRD

The role of R&D centres and academic institutions shall be
recognized

XXX

WRD

There seems to be a model

XXX

WRD with
consultant hired
by WRD
Consultant hired
by WRD
Consultant hired
by WRD
Consultant hired
by WRD

Priority selection for the flood inundation model to cater for
Kuttanad hydrodynamic model.

XXX

WRD

10-12

XXX

XXX
XXX

Taken up by Kerala State Disaster Management Authority

XXX

SWAT (Department of Civil Engineering, Indian Institute of
Technology, Delhi), NAM, Mike11, Mike Flood (Flood
Management Organization, CWC

XXX

WRD

XXX

Consultant hired
by WRD
DRWD

XXX

WRD

XXX

WRD

XXX

Consultant hired
by WRD

XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX
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XXX

XXX

XXX

XXX

XXX

Item

Actions

Actor

4.5.4
4.6
4.7
4.7.1

Operational use of the model
Landslide warning systems
Routing models, hydrodynamic models
Determine whether existing model(s) can be
used
If answer on 4.4.1 is YES then make them
operational. If NO, then write ToR for
Flood inundation models. Operational
Hydraulic Model which can evolve into a
decision support model for normal operation
and during extreme floods or droughts
Build a combined hydrodynamic(1D) and
flood inundation(2D) model according Good
Modelling Practices (GMP) with existing data
Capacity Building on use of SOBEK model

DRWD

Planning in months
1-3
4-6
7-9
XXX
XXX

WRD

XXX

WRD

XXX

4.7.2
4.8

4.8.1

4.8.2

4.8.3
4.8.4
4.8.5
4.9
4.10

Calibrate and validate with update data from
surveys (ref 2.2)
Application of models in Master Planning

WRD

Comments

Optional to use SOBEK: initially for the primary and secondary
system.
Kerala based training (by Dutch experts) followed by building of
Kuttanad model by Kerala experts with support of Dutch experts
and practical training of WRD engineers in Netherlands

Analyzing several development scenarios and determination of
hydraulic design criteria for infrastructure

Operational use model as DSS tool and for
water management (O&M)
Urban drainage models
Coastal morphological models (ref 3.2.2)

XXX

10-12
XXX

13-15
XXX

15-18
XXX

>18
XXX
XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX

XXX
XXX
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8 Investment and financing
8.1 Packages
For the purpose of this draft Action Plan we distinguish different packages that require
financing.This Action Plan covers a period of the first 18 months of actions to be picked up.
A long term perspective is given with potential solutions and options for practical
interventions. However, many of them still require further study, design and costing. There
fore, this draft Action Plan provides a framework of to be expanded. A number of
preliminary factsheets are presented in Annex C. The number of factsheets needs to be
expanded. The WRD/Kuttanad section is currently working on additional factsheets and
related costs. Those costs can be brought forward to the table below.
At this stage this chapter focuses on the identified no-regret measures that may be started
within the next 18 months. When the Action Plan is being developed further, this chapter
can be expanded with future costed actions.
In this chapter the proposed and costed actions are packaged per the main theme of the
report. The GOK can use these packages to start discussion with the international fiancing
community on their interest to provide loans and/or grants.

8.2 No-regret finances
Action
1. Institutional
RBA Study
Advisory Board
Water Working Group
Campaign/consultations
Capacity Building
External support to Cell/PMU

2. IWRM
Masterplan Kuttanad

Incidental
costs (M$)

Recurrent
costs (M$)

0,5

Source

Remarks

GOK
XXX
XXX

0,25
0,1
2,5

GOK
XXX
XXX

2

International
and GOK

GOK with
international
agency
60

WB has
already
expressed
interest

Coastal
Monitoring system (vessel
equipment, wave buoy, data
transmission and processing
systems)
Coastal morphological model
Relocation Thottapally fishing
harbor
Redesign coastal structures
Sand nourishment program
Data management
Digital data system with all
current available validated
data
Yearly actualization data
Hydrodynamic and flood
modelling
Other modelling
FEWS/DSS

10

1

WRD

0.5
1

0.1

WRD
WRD

1-2
2-5
0,1

WRD
WRD
WRD

0,5

XXX
0,1

WRD
WRD

1,0
0,2

0,1
0,1

WRD
WRD
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Donor funds
for
incidental
costs

Annexes
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A. Terms of Reference
Terms of Reference Dutch Disaster Risk Reduction Mission
Kerala State, India
Introduction
The Government of Kerala (GOK) has requested the Government of the Netherlands (GON)
to cooperate on preparing an action plan for IWRM as a follow up of the earlier Post
Disaster needs assessment. Both parties have agreed to organize a joint mission. The
ownership is with the GOK and the GON provides experts to add international best practices
to the established Kerala expertise.
The action plan should focus on a limited number of river basins with the aim to provide
more flood resilience quickly. While the focus is on a limited number of river basins, the
mission should bear in mind the intention that the lessons learned may be applied later in
other river basins in Kerala under a regulatory authority that still is to be established. The
river basins chosen for early implementation are those that flow into the Kuttanad area and
continue to discharge into the sea. The mission will focus on the early interventions
required upstream and downstream (coastal area) from the Kuttanad area. The Kuttanad
area itself is will not be the subject of action plans for this mission, although proposed
actions there will be taken into account.
The GOK will start mobilization immediately after approval of these ToR. The experts from
the Netherlands will be mobilized once the Kerala team is fully mobilized and has gathered
the necessary data and completed an initial analysis.
Background
Kerala State experienced an abnormally high rainfall from 1 June 2018 to 19 August 2018.
The extreme rainfall caused have flooding throughout the state. It was the worst flooding in
Kerala in nearly a century with many areas under water for more than two weeks. (Ref:
JRDNA WB/ADB)
In September 2018 the Kerala State Government, in cooperation with the UNDP and the
European Union Civil Protection and Humanitarian Aid Department commenced on a Kerala
Post Disaster Needs Assessment (PDNA), Floods and Landslides August 2018.
http://www.undp.org/content/undp/en/home/librarypage/crisis-prevention-andrecovery/post-disaster-needs-assessment---kerala.html
Within the first week of the PDNA, the government requested to have a specific focus on
issues of water conservation, water management and river basin management. This request
comes with an acknowledgement that poor water resources management has contributed
to the floods and landslides in the state leading to high economic losses. The government
would like to address underlying issues that caused the floods. With this objective, the
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government requested the PDNA assessment team to include an analysis of the water
management practices and policies and propose recommendations to improve the
management including conservation of water.
Through the European Commission the GON was requested to field an IWRM mission
consisting of 2 senior experts. The experts were mobilized for the period 28 September until
15 October 2018.
The findings of the Dutch Experts have been incorporated into the PDNA-report; namely in
the chapters on Flood Diagnostics and Integrated Water Resource Management.
On 28 November H.E. Venu Rajamony, Ambassador of India to the Kingdom of the
Netherlands has sent a letter to Mr. R.P. Laperre, Director General Environment and
International of the Ministry of Infrastructure and Water Management of the Kingdom of
The Netherlands. The letter sets out the general scope of a possible Dutch Disaster Risk
Reduction Mission to Kerala in follow-up to the UNDP-EU Mission. This letter is attached to
these ToR.
On January 9, 2018 a video conference has taken place between Dr. Vishwas Mehta,
Additional Chief Secretary Water Resources, Government of Kerala, Mr. Venu Rajamony,
Ms. Mrilanini Kaur Sapra, First Secretary E&C, EoI The Netherlands and senior Kerala
government experts on the part of Kerala State and Ms. Lisa Hartog, Coordinator Dutch Risk
Reduction – Team (DRR-Team), RVO, Mr. Simon Warmerdam and Mr. Paul van Meel (both
Experts participated in Kerala PBNA) from the Dutch side. The conference resulted in a more
focussed approach toward the prospective DRR mission. These ToR are a result of the
discussion.
Objective of the DRR mission
The Kerala Government has prioritized water related disaster risk reduction as a main policy
objective in order to mitigate the impacts of heavy rainfall in the catchment areas of its 44
river basins. Among others this involves early warning systems, better dam operation,
control of floods through rivers, improved water management of the kayals, coastal
protection and strengthening the institutional system through establishing a Kerala State
River Basins Management Authority.
In general Kerala State has many experts, with both state-of-the-art Indian and International
training and experience, capable of conceptualizing, plan and implement programmes and
processes to achieve the policy goals set by the Kerala Government. In certain fields Dutch
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Experience and Expertise may enhance the outcome and stimulate interdepartmental
coordination.
A mission will have a limited period and a limited number of experts. To ensure embedding
of the results within the Kerala context the mission will need to be a joint effort of Kerala
and Dutch experts. The output of the Kerala-Dutch mission are to be Action Plans in such
detail to enable the Kerala Government to follow up in an effective and practical way
through the existing institutional settings. The Kerala Experts of the mission will be a nucleus
for the guidance and implementation of the action plans. The GOK has expressed its current
dialogue with local. national and international financing agencies that may support the
implementation of the initial IWRM action plans. This mission should provide sufficient
output to enable the GOK to further this dialogue effectively.
The Kerala Government may choose to establish an Indian-International Panel of Experts to
monitor progress on the implementation of the action plans and advise on technical best
practices and institutional processes.
The mission will focus on four components for which Action Plans will be prepared:
1. Data management and requirements for models as decision support tools to assist in
coherent planning and implementation of interventions.
2. Integrated River Basin Management interventions with focus on flood risk reduction
for the Periyar, Pamba and …. river basins.
3. Coastal Zone Management with focus on coastal zone protection and outflow from
Kerala rivers into the Arabian Sea.
4. Institutional advice on establishing a Kerala State Integrated River Basin
Management Authority.
The mission can build on the related findings and recommendations presented in the PDNA.
Team composition
The DRR-mission Team will be composed of Indian Experts complemented by Netherlands
Experts.
For workability of action plans within the Kerala context the lead in developing the plans will
need to be with senior Kerala experts. The Kerala Team will thus consist of minimum 7
persons:
•

Mission Team Leader, Senior IWRM expert
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•
•
•
•
•
•
•

Hydrological data and management and modelling expert
River Basin Management expert with knowledge of behaviour of Periyar, Pamba and
…… rivers, its dam operations, obstructions and flood risks.
Coastal zone management expert with full knowledge of Kerala coastal sand
accretion and erosion processes and risks
Institutional/Legal Expert on Kerala water related institutions and water laws
Financial expert, familiar with local and international project financing
Junior support staff on all components
Office manager/secretary

The GOK may provide part of the expertise by mobilizing experts from the Kerala diaspora.
The complementary Dutch Team will consist of:
•
•
•
•

Co-Team Leader, Institutional IWRM expert
Data management and decision support modelling expert
Integrated River Basin Management Expert with experience in integrated flood risk
management, planning and implementation of interventions and effective water
institutional processes.
Coastal zone management / coastal morphology expert.

[Note: Add on junior experts from the Young Expert Program already in India (if any and with
suitable expertise), that can be assigned temporarily to the mission?]
Approach
The team will:
• collect all the existing data on rivers and coastal area relevant for the mission. The
should include…..land use, coastal developments…….
• analyse existing regional development scenarios for the basins and apply a
provisional water audit type of check.
• Check on current and anticipated institutional arrangements necessary for early
implementation of the action plans
• provide an analysis of past existing and proposed measures in the basins, set these
off against preferred interventions to make the whole system more robust. Prepare
a list of required no regret measures that can be applied quickly under different
development scenarios for the basin interventions
• study the earlier GOK/GON report……. on Kuttanad and investigate which measures
have been taken and which have not. Lessons learned are to be incorporated in the
proposed action
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Timing
The joint mission is aimed to spend two weeks in Kerala (tentatively end February – early
March). Before mobilization of the Dutch Team the Kerala Team will make preparatory
arrangements with respect to data collection, availability of relevant reports and logistics.
This will include a detailed day to day mission program separated per component to be
agreed on before the Dutch team members mobilize.
Reporting
The report should provide detailed action plans that clearly defines actions, actors,
timelines, as well as provisional costing and potential financing resources. The report is to
be complemented with a visual presentation outlining the main results. The action plans
should not only cover hydrological interventions, but also institutional, social,
environmental, etc. measures that are supportive of early implementation.
Reporting will be in English to de GOK and specifically the ASC WRD and the GON and
specifically to the responsible DRR offices of the Netherlands Enterprise Agency. A draft final
report will be submitted before the end of the mission. Final editing will be done by the
team leader and co-team leader.
Logistics and Costs
The Government of Kerala will arrange and cover all the costs for the Indian experts. In
addition, the GOK will provide and cover all the costs for adequate temporary office space,
supplies and equipment, local official transport and communication.
The Government of the Netherlands will arrange for the availability of the Dutch experts
including their international travel and communication, hotel and daily subsistence
allowance and local travel in the Netherlands as well as preparatory and reporting expenses.
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B. Overview of technical data
requirements for modelling
The data of the table at the end of this Annex should be cut and paste into the table below.
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Type of data

Organization

Formats
(ESRI Shapefiles,
Geotiffs, etc.),
database, excel,
csv or text.
DATA NEEDED FOR RAINFALL-RUNOFF MODELLING
• Catchment details:
o Location of
gauges
(streamflow,
rainfall,
evaporation)
o Topography
and
catchment
areas
o Soil types
o Vegetation
o Water
management
infrastructure
• Flow data
• Rainfall
• Evapotranspiration

Recording period

Flash floods, where?
Landslides, where how
many, volume?

DATA NEEDED FOR RESERVOIR MODELLING
Location of dams and its
characteristics
Reservoirs: location, size,
depth, characteristics
Operation protocol of
dams
Maximum flood levels of
reservoirs
FRL of reservoirs, etc.

DATA NEEDED FOR ROUTING MODELS, HYDRODYNAMIC AND FLOODING MODELS
Digital elevation model
Aster, SRTM,
according to
Irrigation
Department not
available
Cross sections primary,
Not available
secondary and tertiary
system
Longitudinal profiles
Thalweg of rivers
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Lakes / ponds – anything
available like size, depth,
volume
Drainage system / network
Land use – vegetation map
Groundwater table
Weirs and their
characteristics
Sluices and their
characteristics
Locks and their
characteristics
Bridges (name and
number, form, location,
size of pillars)
Culverts and their
characteristics
Any type of relevant
structures and their
characteristics
Pump houses -> where –
location, capacity
Pump types farmers are
using - capacity
Watershed delineation
Barrage (details, number of
gates, operation control,
etcetera)
Spillway (details)
Proposed regulator at
bifurcation canal to
Thottappally Spillway
Location of gauges
Maximum flood levels of
rivers, Kuttanad
Erosion / sedimentation ->
where? And how much
Sediment load
Water and sediment
discharge at Thottapally
outlet
Size of sediment

Continuous

DATA NEEDED FOR URBAN DRAINAGE MODELS
Geometric representation
of the drainage catchment
Coefficients for subcatchment areas
Coefficients for
conveyance elements
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Surface Elevation Data
Network Connectivity
Parcel Information
Land-use and Zoning
Orthophoto
Soils Data

COASTAL ZONE MODELLING
Beach and shoreface
profiles (down to closure
depth) along the Kerala
coast

Yearly, in the period
February-April
Also survey after
extreme storm
Once every 25 year

Coastal shelf bathymetry
and sediment grainsize
down to -100 m
Tide

Continuous (10
minutes average)

Wind
Wave height and direction

Continuous

TIME SERIES
Return periods: 1/1 1/5 1/10
1/25 1/50 1/100 etc.
Whatever is available
(rainfall, water levels,
discharge) upstream and
downstream
Rainfall
Flow velocities
Water levels

Continuous (10
minutes average)

Discharges
Problem locations (name,
description, geographical
location)
Bunds and their
characteristics
Embankments and their
characteristics
Flood extent of august
2018
Water depth within flood
extent of august 2018

ENVIRONMENTAL FLOW
Water quality
Chloride concentration in
time on Vembanad lake
(other locations are
welcome)
Drinkwater extraction
(where, how much)
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Pesticides, fertilizers and
their characteristics

GENERAL
Roads network
Railways network
Soil map
Geology
Land subsidence data
Kuttanad area and coast

No data available

Availabililty Models and Software
Are there any models available? 1D/2D/3D? Flood forecasting/Flood early warning?
• Rainfall-runoff model
• A river basin scale model developed by Department of Civil Engineering, Indian
Institute of Technology, Delhi in 2012.
Which software is being used?
• Mike NAM
• Mike 11
• Mike Hydro Basin
• SWAT-model (https://swat.tamu.edu/software/)

Data requirements for sediment management in the Kuttanad area (area
along the coast from Thottapally to Cochin)
Thottapally outlet:
• Discharge graph at Thottapally barrage for the period 2000-2018 (or whatever
period is available).
• Times at which the coastal sandbar was dredged.
Marine sand mining:
• How much sand is extracted on average each year from the coastal zone (for
example, extraction of sand accumulations at groynes, or sand mining of flood
deltas). Data for legal extractions and a guess of illegal extractions.
Which organization delivers permits? Who is responsible for monitoring beach sand mining?
River sand mining:
• How much sand is extracted upstream (yearly average) from the rivers that
discharge into the Kuttanad area?
Which organization is responsible for river sand mining?
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River sediment deposition in reservoirs:
• How much sediment is deposited (yearly average) in the upstream reservoirs
(irrigation reservoirs + electricity reservoirs)?
• How much sediment (yearly average) is dredged from the reservoirs? Where is this
sediment dumped?
River sediment dredging:
• How much sediment is dredged on average each year from the rivers and lakes in
the Kuttanad area?
• What happens to the dredged sediments (e.g., deposited in land, dumped elsewhere
in the water systems...)?
Which organization is responsible for dredging?
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Data underneath should be cut and paste into table above

Type of data

Organisation

River
Bathymetry

Yet to be surveyed

Digital elevation model

Aster

Cross sections primary, secondary and tertiary system

Yet to be surveyed

Longitudinal profiles

Yet to be surveyed

Thalweg of rivers

Yet to be surveyed

Shorelines

Irrigation Department-IDRB

Groins

Irrigation Department-IDRB

Lakes / ponds – anything available like size, depth, volume

Irrigation Department/Biodiversity
Board

Drainage system / network

Kerala State Land Use Board

Land use – vegetation map

Kerala State Land Use Board
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Weirs and their characteristics

Irrigation Department

Sluices and their characteristics

Irrigation Department

Type of data

Organisation

Bridges (name and number, form, location, size of pillars)

PWD/Irrigation

Culverts and their characteristics

PWD/Irrigation

Pump houses -> where – location, capacity

Irrigation Department/Agricultural
Department

Pump types farmers are using - capacity

Farmers Association (Padasekhara
samathi)

Watershed delineation

Land Use Board/Soil Conservation

Location of dams and its characteristics

Kuttanad/IDRB

Reservoirs: location, size, depth, characteristics

KSEB Ltd./Irrigation Dept
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Barrage (details, number of gates, operation control, etcetera)

Irrigation Department

Spillway (details)

KSEB Ltd./Irrigation Dept

Proposed regulator at bifurcation canal to Thottappally
Spillway

Irrigation Department

Water quality

Kerala
Board

State

Pollution

Control

Chloride concentration in time on Vembanad lake (other
locations are welcome)

Kerala
Board

State

Pollution

Control

Drinkwater extraction (where, how much)

Ground water dept/KWA

Type of data

Organisation

Erosion / sedimentation -> where? And how much

Irrigation Department-IDRB

Sediment load

Not Available

Size of sediment near shore

Irrigation Department-IDRB
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Roads network

PWD

Railways network

Irrigation Department-IDRB

Soil map

Soil Conservation / Soil Survey

Geology

Department of mining and Geology

Groundwater table

Ground water dept

Maximum flood levels of reservoirs, rivers, Kuttanad

KSEB Ltd./Irrigation Dept

FRL of reservoirs, etc.

KSEB Ltd. / Irrigation Dept

Rainfall

IMD/Irrigation Department-IDRB

Flow velocities

Irrigation Department-IDRB/CWC

Water levels-River

Irrigation Department-IDRB/CWC

Location of gauges

Irrigation Department-IDRB
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Discharges

Irrigation Department-IDRB/CWC

Tide

Irrigation Department-IDRB

Type of data

Organisation

Wind

Irrigation Department-IDRB

Waves

Irrigation Department-IDRB

Shoreline changes in de (recent) past

Irrigation Department-IDRB

Problem locations (name, description, geographical location)

KSDA

Bunds and their characteristics

Irrigation Department

Embankments and their characteristics

Irrigation Department

Flash floods, where?

KSDA

Landslides, where how many, volume

Revenue/KSDA
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Flood extent of august 2018

KSDA

Water depth within flood extent of august 2018

KSDA

Operation protocol of dams

Irrigation/KSEB

Locks and their characteristics

Irrigation Department

Pesticides, fertilizers and their characteristics

Kerala Pollution Control Board /
Agricultural Dept

Availabililty Modelsand Software
Are there any models available? 1D/2D/3D? Flood forecasting/Flood early warning?
• Rainfall-runoff model
• A river basin scale model developed by Department of Civil Engineering, Indian
Institute of Technology, Delhi in 2012.
Which software is being used?
• Mike NAM
• Mike 11
• Mike Hydro Basin
• SWAT model (https://swat.tamu.edu/software/)
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C. Project factsheets
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PRELIMINAR FACTSHEET
Bifurcation Pamba river and canal to Thottappaly

Location

Problem to be solved
Clogged drainage to the sea

Proposed intervention

-

Deepening channel
Replace existing
bridge
- Higher bunds
- Straighten Pamba
bifurcation into the
leading channel
- Study necessity of a
regulation work
Expected result
Drain: increase of flow
(increase velocity and
transport sediment to the
sea)

Figure 18 Bridge Pacha Pandy Road
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Costs: estimations from ID.
PRELIMINAR FACTSHEET
Thottappaly Spillway

Location

Problem to be solved
The damaged Thottappally spillway a
leading channel 1310 m long 365m wide
with a bridge-cum-regulator across the
spillway channel, with 40 vents, each having
7.6 m clear span. The original discharge
capacity of the spillway is about 1812
cumec.
The post flood assessment by a team of
Central Water Commission (CWC) experts
reported that the average maximum
discharge passing through the spillway is
limited now reduced to 630 cumec, which is
almost 1/3rd of the design capacity of the
spillway
Proposed intervention
Repair the damaged spillway
Expected result
Drain: increase of flow (increase velocity
and transport sediment to the sea)
Costs: estimations from ID.

Figure 19 View on Thottappally spillway
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PRELIMINAR FACTSHEET
Drain to Kayamkulam

Location

Problem to be solved
The Achenkovil river is one of the main
tributaries to the Pamba river and
therefore contributes substantially to the
flood water levels in the Kuttanad area.

Proposed intervention
Divert water from Pamba to Achenkovil
and drain more water to the sea via
Kayamkulam
Expected result
Drain: increase of flow to Kayamkulam.
Decrease flow to Pamba and so reduce
flood levels in Kuttanad
Costs: estimations from ID.

Figure 20 Taken from Illimala bridge
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D. Approach Paper RBA
Approach Paper

River Basin Authority of Kerala
Introduction
Water is central to all development challenges. 44 perennial rivers, though very short in length with
very small catchments, are the most important source of freshwater for Kerala. But the alarming
symptoms of degradation of the river ecosystems of Kerala point towards the urgency of appropriate
interventions at both policy and project levels. Globally, Integrated Water Resource Management
(IWRM) is increasingly recognized as the potential tool to tackle the water related issues including
climate crisis. Repeated occurrences of extreme climatic events like droughts and floods in Kerala
pinpoints the need to look at river basins holistically as one entity from its origin to the sea. To protect
rivers from further deterioration and restore a healthy ecosystem, basin plans with appropriate multidimensional strategies fitting within the sustainability framework needs to be evolved. This will need
the joint and consistent efforts and participation of all those who depend and use the rivers for diverse
purposes. The institutional arrangement to catalysing the evolution of these basin plans and
dynamically correlating these plans with the climate variability and other stochastic parameters is
particularly important. A river basin authority is the convergence of different models originated for
this purpose across the world.Establishment of a river basin authority for Kerala has become an
important agenda in this backdrop.
A River Basin does not imply flowing river alone. It implies the entire river basin inclusive of the
catchment and the different land uses within the basin boundary which in turn impacts upon the
availability and recharge of surface and ground water in the river basin. Hence the scope and functions
of an RBA shall extend to the entire river basin requiring the concerted and integrated efforts of all
the stakeholder departments, agencies, institutions including local self-governments within a river
basin. The multiple uses of and demands on a river basin mean that an integrated approach to
managing river basins is required. Reconciling and coordinating competing demands relies on
appropriate planning mechanisms, and basin planning can now be the staring point of sustainable
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management of the river basin and the associated social and economic systems. River basin planning
is the process of identifying the way in which a river and its limited natural resources may be used to
meet competing demands, while maintaining the river health.
Strategic basin plans must follow some of the basic principles of sustainability. IWRM, Eco-DRR
(Ecosystem based Disaster Risk Reduction), Participation, Equitable Utilisation, Conjunctive
Management etc are some of the important principles to be upheld in the basin plans.Undoubtedly,
allocating enough water for the environment must be an overarching theme of these plans. Though
basin planning must be decentralized, incorporating all the above principles at basin level can be
accomplished only if there is a central agency like RBA. This document is prepared to serve as an
approach paper on founding of river basin authority of Kerala. Rest of the paper is organized in
foursections. First section describes the proposed overall organizational setup of the RBA. Constitution
of each tier of the setup are discussed in the second section.Powers and functions of the different
tiers are listed in the third section. Funds, Accounts and other Matters of the proposed RBA are
discussed in the terminal section.

Organizational Setup
The proposed RBA will have two arms; the Governing Council and the Executive Committee. An
advisory committee without any decision-making powers would provide advice in all technical matters
and normally assist the RBA in taking science-based decisions for better development of the river
basin. The advisory committee may have four members as nominated by the Government. Experts
with professional and research background in the following four areas are to be nominated to the
Advisory Committee.
(a) Water Resources Management
(b) Environmental Management
(c) Agriculture
(d) Climate Change
Governing Councilwill have Chief Minister as its Chairman and the Minister for water resources as its
Vice Chairman. The Executive Committee will have the Chief Secretary as its Chairman and the
Secretary, Water Resources as its Vice Chairperson. These two tiers are at state level. River Basin
Boards under the executive committee is constituted at the level of cluster of rivers.Four clusters of
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rivers with their total catchment area approximately equal shall be formed. Each cluster will have one
Chief Executive of the River Basin Board. The Basin Management Committees below the river basin
boards will be at the level of individual river basins. The overall organizational setup is schematically
presented in Annexure 1. The Irrigation department of Kerala, which is the main institution under
KWRD will be restructured now to fit within the organizational set up of proposed RBA. This
restructuring of Irrigation department is expected to make a paradigm shift of ‘asset creation’ to
‘natural resources management’.

Constitution of Different Tiers of RBA
As discussed in the previous section, the RBA will be at the state level evolved from the Governing
Council and the Executive Committee. The River Basin Boards and the Basin Management Committees
are respectively at the level of the clusters of rivers and the individual rivers. The constitution of each
of these tiers with the full list of members are discussed in this section.

Governing Council
The Governing Council shall consist of the following members.
(a) The Chief Minister, who shall be the Chairman;
(b) The Minister for Water Resources, who shall be the Vice Chairman;
(c) The Opposition Leader of the Legislative Assembly;
(d) The Minister for Finance;
(e) The Minister for Agriculture
(f) The Minister for Environment and Forest;
(g) The Minister for Rural Development;
(h) The Minister for Panchayats;
(i) The Minister for Urban Development;
(j) The Minister for Revenue;
(k) The Minister for Industries;
(l) The Minister for Power;
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(m) The Minister for Fisheries;
(n) The Vice-Chairman, State Planning Board;
(o) Two members of the Parliament, representing the area of any of the two River Basin Boards,
nominated by Government;
(p) Three members of the Legislative Assembly, representing the area of any of the three River Basin
Boards, nominated by Government;
(q) The Chief Secretary, who shall be the Member Secretary of the Council
(r) Two representatives of Non-Governmental Organizations, who have substantial working
experience in river basins, to be nominated by Government.
The term of office of the non-official members shall be three years from the date of their nomination.

Executive Committee
The Executive Committee may consist of the following members.
(i) The Chief Secretary, who shall be the Chairman of the Authority;
(ii) The Secretary, Water Resources Department, who shall be the Vice-Chairperson of the Authority;
(iii) Chief Executive officer, who shall be the Member Secretary of the Authority;
(iv)Member Secretary, Kerala State Pollution Control Board;
(v) Chief Engineer, Irrigation and Administration;
(vi)Managing Director, Kerala Water Authority;
(vii) Director, Groundwater Department;
(viii) Director, Department of Environment and Climate Change;
(ix) Chief Conservator of Forests;
(x) Director, Agriculture Department;
(xi) Director, Soil Survey and Soil Conservation Department:
(xii) Member Secretary, Science and Technology and Environment Department;
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(xiii) Chairman, Kerala State Electricity Board Limited;
(xiv) Executive Director, Center for Water Resources Development and Management.
(xv) River Basin Board representatives

River Basin Boards
3 to 4 River basin boards are to be constituted with each board having its Head Quarters in the
respective region of the state. Each board shall have the following members.
i.

Chief Engineer, Irrigation Department who shall be the Chairman of the Board;

ii.

Superintending Engineer(s) of the Irrigation Department

iii.

Regional Officer, Kerala State Pollution Control Board;

iv.

Executive Engineer, Local Self Government Department;

v.

Executive Engineer, Kerala Water Authority;

vi.

District Officer, Groundwater Department;

vii.

PAO of Agriculture Department;

viii.

District Officer Soil Survey

ix.

District Soil Conservation Officer;

x.

Divisional Forest Officer;

xi.

Executive Engineer, Kerala State Electricity Board Limited;

xii.

Deputy Director, Fisheries Department

xiii.

Project Director, Rural Development Department

xiv.

Basin management committee representatives

Details of the River Basin Boards to be constituted are given in Annexure 2. In this, four board are
expected to be constituted. If only three boards are to be constituted, the grouping of basins may
have to be reworked. Mostly the river basin boards are supposed to function at regional level. The
overlay of catchment of rivers and the geographical boundary of districts is presented in Annexure 3
to visualize the regions and its river basins included.

Basin Management Committees
The basin management committee will have the following members.
(1) Members of Parliament within the basin constituencies
(2) Members of the LA within the basin constituencies
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(3) Heads of LSGIs within the basin
(4) Representatives of all registered NGOs
(5) District level officers of Irrigation, Agriculture, KWA, Groundwater, Forest, Soil Conservation,
PCB and KSEBL
(6) Representative of water user groups
A steering committee with 11 members may be elected in its first meeting. This committee can take
decisions on adding more members to the basin management committee, if found required. For very
large basins like Periyar, Bharathapuzha, Chalakkudipuzha, Pamba, Chaliyar etc, there will be basin
management committees at their sub basin level.

Powers, Functions and Responsibilities of Different Tiers
Each tier of the River Basin Authority of Kerala will have different powers, functions and
responsibilities to accomplish its ultimate aim of strategic basin planning within IWRM framework.
Each tier must have statutory powers as an overarching mechanism for effective co-ordination and
regulation of the projects and programmes undertaken by the various Government Departments and
Agencies as part of the strategic basin plans. Monitoring of these projects and programs are also the
responsibility of river basin authority. Important powers, functions and responsibilities at each level
are discussed below.

Powers, Functions and Responsibilities of Governing Council
The governing council shall be the apex body for the coordination, convergence and integration of
policies and programs. Its key functions include:
(a) Institutional set up for the overall integrated conservation and management of rivers of Kerala and
their basins and all water bodies therein;
(b) To approve River Basin Plans submitted by the Executive Committee,
(c) To monitor the progress and outcomes of the implementation of the River Basin Plans;
(d) To formulate and recommend policies and projects as and when necessary for sustainable
development of water resources and scientific management of eco-systems with special reference to
the aquatic eco-system;
(e) To lead the communication campaign and monitor the activities related to awareness creation and
behavior change among the public and ensure the participation of all stakeholders concerned;
(f) To recommend to the Government on the inter-basin and intra-basin water transfer and allocations
(g) To oversee the inter-state agreements; and
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(h) To do such other things as may be incidental or conducive to the efficient management, protection
and conservation of the river basins.

Powers, Functions and Responsibilities of the Executive Committee
The Executive Committee will have the following functions.
(a) Subject to the general guidance of the Governing Council, the management of the regular affairs
of the Authority.
(b) To function as the organization for the coordination, convergence and integration of policies, and
programs.
(c) To build institutional set up for the overall conservation and management of rivers of Kerala and
their basins, including all water bodies;
(d) To approve River Basin Plans prepared by River Basin Boards and co-ordinate the activities of the
River Basin Boards;
(e) To prepare, implement and monitor river basin plans for rivers where separate boards are not
formed;
(f) To integrate basin plans into the overall framework of IWRM and to recommend specific measures
and programs for conservation and management of water resources of the State
(g) To monitor the progress and outcomes of the implementation of the River Basin Plans and ensure
that different projects and programs fit into the basin priorities;
(h) To monitor the projects and programs of Government Departments and Agencies and ensure that
they are in consonance with IWRM based River Basin Plans;
(i) To recommend sustainable abstraction limit for the rivers
(j) To scientifically assess the environmental flow (e-flows) needs of each basin
(k) To ensure that e-flows as per the scientific assessment are maintained in the river basins
(l) To ensure Eco-DRR (Ecosystem based Disaster Risk Reduction) principles in the river basin plans
(m) To ensure real time integrated operation of reservoirs in the basin
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(n) To resolve water disputes and conflicts in the River Basins through conciliation;
(o) To ensure the effective measures to prevent water pollution, recommend measures on the basis
of ‘’polluter pays principle’’ and adopt measures to mitigate and manage water related disasters;
(p) To tax, tariff and levy charges, receive funds, borrow and to administer and manage its funds and
finance River Basin Boards in such manner and subject to such terms and conditions as may be
prescribed;
(q) To call for data, records, etc. from Government Departments, Agencies, Boards, Catchment Area
Management Committees, etc.
(r) To design and roll out effective communication strategy and campaigns for the conservation of
rivers;
(s) To ensure that the projects proposed and activities carried out by the Boards are in conformity with
the State objectives under interstate agreements and awards;
(t) To recommend to the Government on the inter-basin and intra-basin water transfer and
allocations, and to function as an appellate body on the decisions of the River Basin Boards;
(u) To do such other things as may be incidental or conducive to the efficient management, protection
and conservation of the river basins and to perform such other functions that may be necessary to
carry out such other duties as may be assigned from time to time, by the Government, for the purpose
of sustainable development of the basin.

Powers, Functions and Responsibilities of River Basin Boards
The River Basin Boards will have the following functions.
(a) To prepare river basin plan in consonance with IWRM principles;
(b) To carry out activities under the basin plan, adopting a decentralized approach;
(c) To design and implement basin plan in such a way to ensure e-flows for meeting the ecological and
other functions;
(d) To integrate and co-ordinate development works carried out by various departments and agencies
within the River Basin Area;
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(e) To design and develop an integrated data network and a Decision Support System (DSS) for the
river basins;
(f) To determine and regulate water rights, water sharing, and water transfer both inter and intra basin
levels;
(g) To redress the disputes on water related issues within the jurisdiction of the River Basin Board and
to refer to the Authority such issues which could not be resolved at their level;
(h) To take measures, including penal or otherwise, to prevent water pollution, encroachment and any
other activities that may adversely affect the health of the river basin;
(i) To take measures to mitigate and manage water related disasters and to coordinate its activities
with the Disaster Management Authority
(j) To carry out Environment Impact Assessment of the new projects proposed
(k) To carry out Benefit Cost Analysis of the newly proposed projects by incorporating ecosystem
valuing principles;
(l) To protect and maintain the ecosystem of the Rivers and River Basin areas coming under the
respective River Basin Boards;
(m) To design and roll out effective communication strategy and campaigns for sustainable
management of the river basin;
(n) To ensure participation and stakeholder engagement right from the preparation of basin plans to
its implementation;
(o) To manage funds and utilizeit effectively for the development of riverbasins;
(p) To do such other things as may be incidental or conducive to the efficient administration,
protection and conservation of the Rivers

Powers Functions and Responsibilities of Basin Management Committees
The basin management committees will have the following functions.
(1) To plan programs and projects at sub basin level;
(2) to collect baseline data and inventories;
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(3) to support the Board in the preparation of basin plan;
(4) To monitor implementation of basin plan;
(5) To monitor water quality;
(6) To implement selected components of basin plan through community contracting;
(7) to mobilize community participation initiatives for enforcement of pollution control in the basins;
(8) to carry out communication campaign with specific focus on direct contact programs;
(9) to operate and manage bank account through which financial transactions of basin management
committees are made;
(10) to perform such other functions and duties as may be assigned, from time to time, by the River
Basin Boards.

Funds, Accounts and Other Matters
For the functioning of the River Basin Authority, a separate ‘State River Basin Authority Fund’ may be
established. This fund may be empowered to receive grants from the State as well as Central
Governments. The river management fund maintained by the district collectors shall be merged with
this fund. The contributions made to the river basin authority by any person, body, or Government
Departments, Organizations or Non-Governmental Organizations shall be credited to this fund.
Authority may be empowered to borrow loans for the fund with the approval of Government for
discharging its functions. Any amount collected as fees and other charges levied may also be pooled
to this fund. Sale proceeds of silt from reservoirsandincome from any other source are all to be pooled
in this manner. The accounts of the river basin authority shall be audited, and the Annual Report and
Audit Report must be presented before the Legislative Assembly.

Concluding Remarks
This approach paper has discussed only the essential components of RBA. A detailed study in this line
will have to be commissioned. The study may be entrusted to external agencies like IIM or any other
international consulting agencies having expertise in this area. This has already been suggested in the
draft water sector plan prepared based on PDNA recommendations. Therefore, the way forward is to
commission a study in this line and move accordingly.
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Annexure 1
Organizational Setup of River Basin Authority
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Annexure 2
Table 1: River Basin Boards
River
Basin
Board

Overlapping Districts

Headquarter

Rivers

RBB1

Thiruvananthapuram

Pathanamthitta

Neyyar, Karamana, Mammom,
Ayiroor, Vamanapuram

RBB2

RBB3

RBB4

Kollam

Kallada, Ithikkara,

Pathanamthitta

Pamba, Achankovil

Alappuzha

Manimala, Pallikkal

Kottayam

Ernakulam

Meenachil

Idukki

Pambar, Periyar

Ernakulam

Muvattupuzha

Thrissur

Palakkad

Kecheri, Karuvannur, Chalakkaudi

Palakkad

Bhavani, Bharathapuzha

Malappuram

Chaliyar,
Kadalundi,
Kanjiramukku

Kozhikode

Wayanad

Tirur,

Kuttiadi, Korapuzha, Kallai, Mahe

Kannur

Peruvamba,
Kuppam,
Ramapuram,
Valapattanam,
Anjarakandi, Thalassery, Kavai

Wayanad

Kabini

Kasaragod

Neeleswaram, Uppala, Shiriya,
Mogral, Chandragiri, Chittari,
Karingode
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Annexure 3
Overlay of river catchments and district boundary
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E. List of contributers
From Kerala:
K.A. Joshy
Chief Engineer
Irrigation& Administration & ISW
Suresh Kumar.S
Chief Engineer
Inland Navigation &Kuttanad Package
Alappuzha
9446594986
sureshambary@gmail.com
Sudheer Padikkal
Joint Director
Harilal V.
Irrigation Planning

Haranbabu K.P.
Executive engineer
Irrigation Division
Alappuzha
9447460096
haranbabukp@gmail.com
D.Biju
Executive Engineer
Kuttanad Development Division,
Mancomp, Alappuzha
9447250999
divakaranbiju@yahoo.com
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Dr. K.V. Thomas
former Scientist G & Group Head, NCESS, Thiruvananthapuram
Dean, Faculty of Climate Variability and Aquatic Ecosystems
Kerala University of Fisheries and Ocean Studies, Kochi – 682506
Dr. K.K. Ramachandran
Head, Central Geomatics Lab
Group Head, Atmospheric Processes Group, NCESS, Thiruvananthapuram
TO BE COMPLETED by the GOK
From The Netherlands DRR Team:
Simon Warmerdam
Co-teamleader
Institutional and spatial planning IWRM expert
Paul van Meel
IWRM, flood risk managementa nd intervention planning expert
Job Dronkers
Coastal zone management / coastal morphology expert
Pascal Weidema
Data management and decision support modelling expert
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