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The performance of many canal irrigation 
delivery systems need enhancement in 
terms of: (i) water resources management; (ii) 
service to irrigated agriculture; and (iii) cost 
eff ectiveness of infrastructure management.

In last decade or so, participatory approaches 
and management transfer reforms have been 
promoted as part of the solution for more cost-
eff ective and sustainable irrigation services. 

The FAO of the United Nations  presented 
a step-by-step methodology for water 
engineering professionals, managers and 
practitioners involved in the modernization of 
medium-scale to large-scale canal irrigation 
systems from the perspective of improving 
performance of conjunctive water supplies for 
multiple stakeholders. 

While the focus is on canal operation, the scope 
concerns the modernization of management. 
The approach consists of a series of steps for 
diagnosing performance and mapping the 
way forward in order to improve the service 
to the farmers and other users and the cost-
eff ectiveness of canal operation techniques.
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What is MASSCOTE?
MASSCOTE is a comprehensive methodology 
for assessing and analyzing different 
components of an irrigation system in 
order to prepare a modernization plan. The 
modernization plan consists of physical, 
institutional, and managerial innovations 
to improve water delivery services and cost 
effectiveness of operation and management.

MASSCOTE has been developed by the 
Land and Water Division (NRLW) of FAO on 
the basis of its experience in modernizing 
irrigation management in Asia. MASSCOTE 
approach was tested and largely consolidated 
through applications in India and especially in 
Karnataka. 

MASSCOTE integrates/complements tools 
such as the Rapid Appraisal Procedure (RAP) 
and Benchmarking to enable a complete 
sequence of diagnosis of external and internal 
performance indicators and the design of 
practical solutions for improved management 
and operation of the system.

While the overall goal of MASSCOTE is 
modernization of management with the farmers 
as central actors, canal operation is the focus and 
entry point: modern design and management 
concepts are based on the definition of an 
operation plan to achieve specific service and 
performance objectives. Farmers, WUCS and 
other Users are central to this Service Oriented 
Management (SOM) approach.

Easier, cost-effective, better performing irrigation 
systems for the farmers, environmentally 
friendlier and economically sound for all water 
users - this is MASSCOTE: “Mapping System 
and Services for Canal Operation Techniques.”

What do we mean by the 
modernisation of Irrigation Systems?
The ADB definition of irrigation 
modernization, which builds on the FAO 
definition,  is: “Modernization is the process 
of upgrading infrastructure, operations and 
management of irrigation systems to sustain 
the water delivery service requirements of 
farmers and optimize production and water 
productivity”. 

FAO defines the modernization as: “A process of 
technical and managerial upgrading (as opposed 
to mere rehabilitation) of irrigation schemes 
with the objective to improve resource utilization 
(labor, water, economics, environmental) and 
water delivery service to farms”.

It is important to recognize the difference 
between rehabilitating (canal lining) and 
modernizing a system, and the implications 
of each of these options. An irrigation 
rehabilitation project returns the level of 
service (LOS) of the system essentially to the 
original design. The economic benefits of 
this investment would need to be assessed 
carefully as they mostly predate the 
rehabilitation project. Such projects do not 
involve reconfiguring the canal network or 
adopting emerging new technologies such 
as automation. 

An irrigation modernization project, on the 
other hand, should significantly increase 
the LOS for the farmers, WUCS and other 
intended water users and better reflect water 
availability, cropping, and management 
flexibility, thus improving agricultural 
productivity well above the pre-existing level. 

Modernization might also involve closing 
down parts of the original system (limiting 
the originally designed

command area) if present water availability 
does not meet design expectations. The 
LOS would then increase for the remaining 
water users.  A modernized system with an 
appropriate LOS is likely to be much more 
economically justifiable than a rehabilitated 
system.



Why the focus on canal operation?
“Canals don’t lie”: they reflect the existing 
performance and express the challenges, 
limits and opportunities of the management. 
Thus the entry point of MASSCOTE is canal 
operation, but the goal is management of 
modernization with the objective of promoting 
Service Oriented Management (SOM). SOM 
has specific targets that are explicit in terms of 
cost, water quantity and water quality to 
maintain agreed level of service to users.

According to many studies carried out by the 
FAO Water Development and Management 
Unit (NRLW) of the Land and Water Division, 
substandard canal operation is among 
the major causes of under-performance of 
irrigation systems.

There is a common misconception that canal 
operation is a well-understood and widely 
known technique, one that is well taught in 
engineering school and well mastered on the 
ground. Furthermore, there is the mistaken 
belief among many that the issues of poor 
irrigation performance are not related to 
engineering but more to do with the socio-
economic context. However, many studies 
carried out by FAO show that canal operation 
is not well mastered and that it is very often the 
origin of the vicious cycle of poor service, poor 
fee recovery, leading to poor maintenance, 
and resulting in the physical deterioration 
of the irrigation infrastructure and services 
provided.

Most of the time, an inadequate distinction is 
made between operation and maintenance 
(O&M) in terms of budget and/or 
responsibilities. Although they are quite 
different in nature, operation and maintenance 
have long been closely associated in irrigation 
management. While both apply to the physical 
infrastructure, operation differs fundamentally 
from maintenance. 

Operation is concerned with adjusting the 
setting of structures, whereas maintenance is 
about maintaining the capacity of the 
structures. Therefore, it is important not to mix 
operation with maintenance. However, 
recognizing and diagnosing trends or changes 
in the hydraulic properties of a canal (caused 
by siltation, weed infestation, tampering, etc.) 
form an intrinsic part of operations. The proper 
diagnosis should result in: (i) an operational 
mitigation strategy (i.e. cope with the changes 
temporarily); and (ii) hydraulic maintenance 
requirements / specifications to restore 
hydraulic and operational capacity.

Operation is a complex task involving key 
activities of irrigation management, which 
implies several aspects to be combined in a 
consistent manner. These aspects are:

 »  service to users

 »  cost of producing the services

 »  performance Monitoring & Evaluation

 »  Challenges and opportunities on Water 
resources 

 »  Complexity and opportunities of the 
physical systems.
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Canal operation is a critical entry point because: 
(i) it is the activity that puts management 
decisions into tangible outputs; and (ii) it is 
where current management performance is 
obvious  (its symptoms). Hence, MASSCOTE 
evolves from canal operation to management 
options (institutional partitioning, 
organization, and SOM). A longer-term 
plan will address more systematically other 
challenges related to management such as 
incentive structure, governance, and financing 
a full-fledged asset management plan.

Service Oriented Management (SOM)
Service Oriented Management (SOM) is the 
operational management of service delivery. 
The primary objective of SOM is to provide 
a differentiated service delivery capability 
during operation using objectives to drive 
system behavior.

Service-oriented management, in simple 
terms, is that, the Nigam and the WUCS or 
farmers first agree upon the specific details of 
the service of water (where, when, how, how 
much, etc.). The Nigam provides the service 
to the WUCS or farmers or other user, who in 
return remunerates the agency. 

It is generally considered that the effectiveness 
of a system in responding to user demands 
depends on its operational flexibility. Ideally, 
the users should be able to select and change 
the level of service corresponding to their 
demand, and the service provider should be 
able to control the delivered service to each 
WUCS or farmers or other user.

How does MASSCOTE work?
MASSCOTE methodology consists of 11 steps 
which are grouped into two main parts

 »  Baseline Information and analysis through 
a Rapid Appraisal Procedure (RAP)

 »  A vision of water services and modernization 
plan for canal operation

Baseline information:

 »  The Rapid Appraisal Procedure (RAP): An 
introduction to the diagnostic tools for a 
process and performance assessment in 
order to increase knowledge about the 
constraints and opportunities that the 
system management has to consider.

 »  System capacity and behaviour (sensitivity): 
This knowledge is critical for operation. 
The focus is on the hydraulic aspects of 
canal operation (capacity and reactivity) 
and on some physical and organizational 
characteristics.

 »  The perturbations that are likely to occur 
along the irrigation canal systems.

 »  The water networks and water balances, 
which have a considerable influence on 
water management in the command area 
(CA).

 »  The cost of operating the system. 



Step 2: Capacity and Sensitivity of system

Mapping the system capacity and sensitivity 
deals with features of the physical infrastructure 
including the function of structures for 
conveyance, water level or flow control, 
measurement, and safety. Irrigation structures 
are intended to perform a particular function. 
Mapping the physical characteristics of the 
system is done in this step, and in particular 
the sensitivity of irrigation structures (offtakes 
and cross-regulators) is determined. Mapping 
of the sensitivity at key locations is crucial in 
managing perturbations.

The basic idea is to know where the sensitive 
offtakes and regulators are located, and which 
subsystems are propagating the perturbations 
and which ones are having to absorb them. 
Thus, in terms of mapping:

 »  mapping of structures: sensitive regulators 
and sensitive offtakes;

 »  mapping of subsystems: average 
characteristics per subsystem – sensitive for 
flow control and water-level control.

This step gives rise to the following operational 
requirements and management options 
relating to sensitive structures/subsystems:

 »  sensitive structures must be checked and 
operated more frequently;

 »  sensitive structures can be used to 
detect fluctuations (part of information 
management);

 »  sensitive subsystems can divert 
perturbations into subareas which are less 
vulnerable to lack or excess water.

 A vision of water services and modernization 
plan for canal operation:

 »  The service to users: This is the main 
purpose of the system management, and 
canal operation is the primary element 
in determining the service provided to 
end users. Service-oriented management 
(SOM) is the key for modern management; 
it does not necessarily imply a high level 
of service but the one that is best adapted 
to user demand. A clear vision of the water 
services should be the starting point from 
which others steps are carried out.

 »  The re-engineering of management: This 
includes reorganizing the management 
setup and defining spatial units (partitioning 
management units) with the objective of 
favouring professionalism and cost-
effective management.

 »  Options for modernization improvements: 
This part of the paper deals with the 
methodological development that can be 
used for developing a consistent strategy 
for improving canal operation and the 
project life cycle, in which managers and 
users need to engage progressively. It 
examines: analysis of the canal operation 
demands for the different units, the design 
of canal operation improvements, and a 
project to consolidate the improvements.

 »  A consolidated vision of the future of the 
irrigation system management and a plan 
for a progressive modernization of irrigation 
management and canal operation. 

An important feature of the methodology 
concerns the iterative nature of MASSCOTE. 
Several rounds of analysis at different levels 
of the systems (main conveyance, secondary 

and tertiary canals) might be required before 
reaching a consolidated analysis.

Is Modernization a one shot process?
The short answer is no. Successful 
modernization programs show that it is 
a continuing process that also needs an 
adequate period of maturation before 
stakeholders converge towards a common 
understanding and can design tangibles 
interventions. Preparing an integrated RAP as 
the first step in the modernization process has 
proved a valid starting point and can generate 
the necessary momentum to develop longer 
term modernization plans. 

The different time frames of the interventions:

 »  RAP = week

 »  MASSCOTE = month to run the initial kick

 »  Short-term modernization project = year

 »  Medium and long term vision and 
modernization plan: 2-3 and 5 to 15-30 
years. These may require more fundamental 
restructuring and mobilization of 
substantial additional resources.

MASSCOTE - Steps
Step 1:  Rapid Appraisal Procedure (RAP) - 

Mapping the performance

The Rapid Appraisal Procedure (RAP) for irrigation 
projects is a 1-2 week process of collection and 
analysis of data both in the office and in the 
field.  The process examines external inputs such 
as water supplies, and outputs such as water 
destinations (ET, surface runoff, etc.).  It provides 
a systematic examination of the hardware 
(structures) and processes used to convey and 
distribute water internally to all levels within the 
project (from the source to the fields). 

External indicators and internal indicators are 
developed to provide (i) a baseline of information 
for comparison against future performance 
after modernization, (ii)benchmarking for 
comparison against other irrigation projects, and 
(iii) a basis for making specific recommendations 
for modernization and improvement of water 
delivery service.
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Step 3: Mapping of Perturbations

Perturbations of water variables (level and 
discharge) along an open-channel network 
are the norm not the exception. Perturbation 
is a permanent feature of irrigation canals 
caused by upstream setting of structures, and 
compounded by intended or unpredicted 
changes in inflows/outflows at key nodes. 

The system managers must have a reliable 
knowledge of their origins, and to know how 
to detect and manage them. Managing a canal 
also deals with uncertainties and instabilities.

The types of perturbations that need to be 
mapped are:

positive perturbations:

 »  nature (inflow-outflow – internal),

 »  magnitude (water-level fluctuation – 
relative discharge variation),

 »  frequency;

negative perturbations:

 »  nature (inflow-outflow – internal),

 »  magnitude (water-level fluctuation – 
relative discharge variation),

 »  frequency.

With positive perturbations, the 
management options are:

 »  share the surplus proportionally among 
users;

 »  divert and store the surplus into storage 
capacity.
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With negative perturbations, the 
management options are:

 »  compensate from storage;

 »  check for immediate correction;

 »  reduce delivery to some offtakes, with 
compensation later on (less sensitive/
vulnerable areas, delivery points with 
storage facilities, with alternatives source of 
water). 

Step 4: Water Accounting

The concept is to map the surface water 
network including irrigation and drainage 
layout, but also any natural channels if they 
interact or may interact in the future with the 
canal system and/or storage facilities. 

The objective is to know where and when all 
the inflow points to and outflow points from 
the service area occur in terms of flow rates, 
volumes and timing. This mapping includes all 
safety structures built to evacuate surplus 
water to the drainage network.

Managers must have accurate knowledge 
about all the paths of water (surface and 
groundwater) – where it is coming from and 
where is it flowing to, and in what volume. 
Knowing the water balance of the system 
is important not only for achieving high 
efficiencies but also for tackling environmental 
issues such as water logging and salinity 
buildup. It is also a good management tool 
for transparent water distribution within and 
among sub-areas of a system.

Step 5: Cost of operation

Mapping of the costs for current O&M is done. 
It also involves disaggregating the elements 
entering into the cost and developing 
costing options for various levels of services 
with current techniques and with improved 
techniques.

In order to produce the service that has been 
decided/agreed upon with users, managers 
need to mobilize a set of various resources 
or inputs, such as water, staff, energy, office, 
communication, and transport.

This step aims at clarifying the inputs and costs 
for operation as part of the overall management 
activities and as fundamental elements of the 
modernization process. Understanding inputs 
and costs is important for:

 »  setting the service levels, in particular in 
exploring options for different types of 
services and associated costs;

 »  water pricing to users, in order to propose 
a set of charging procedures that takes into 
account the real cost of service production; 

 »  improving performance and cost-
effectiveness, by investigating technical 
options for maximizing operational 
effectiveness (better allocation of existing 
resources, automation, etc.).

Step 6:  Service to WUCS / Farmers or other 
Users

Mapping of service is required for further 
analysis of modernization opportunities and 
economic analyses to be done in later steps. 
From the previous steps, a preliminary vision 
of the future of the scheme can be proposed 
for the future, from which initial features of the 
water services in the command area are 
derived:
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Assessing all the different services provided to 
different users and their related costs are what 
need to be mapped in this step. This specific 
mapping exercise of services leads de facto to 
crafting a preliminary vision of the irrigation 
scheme which should be made explicit before 
carrying out the next steps.

Step 7: Management Units

Canal irrigation systems serving large areas 
are usually divided into smaller manageable 
units called WUCS areas, blocks or subsystems. 
In the past (and particularly for new systems), 
these management units have often been 
based on the hierarchy of the canal network 
(main, secondary, tertiary, etc). 

Today, with the increasing complexity of 
management and operation needed to provide 
higher levels of service, this partitioning might 
be less relevant than it was when the systems 
were originally constructed. There are more 
relevant operational criteria on which subunits 
should be based, for example:

 »  participatory management;

 »  spatial variation of water services;

 »  conjunctive water management;

 »  multiple users of water;

 »  drainage conditions.

Subunits of operation/management should 
define an area for which a certain level of 
service is agreed upon and provided, and for 
which the water balance is to be managed as a 

single unit. A workable compromise has to be 
found between the physical/hydraulic system 
and the institutional/managerial resources in 
each subunit.

Step 8: Demand for Operation

This step involves assessing the resources, 
opportunity and demand for improved canal 
operation. It entails a spatial analysis of the  
entire service area, with preliminary 
identification of subsystem units 
(management, service, O&M, etc.).

Assessing the requirements for canal 
operation needs to be done alongside and in 
combination with the definition of the service 
by users and stakeholders. However, canal 
operation requirements cannot be derived only 
from service demands. The system presents 
opportunities and constraints that set the 
boundaries for possible modes of operation. 
In short, the requirements for operation will 
depend on three domains: (i) the service will 
specify the targets; (ii the perturbation will 
specify the constraints in which the system 
operates; and (iii) the sensitivity will specify 
how fast the system reacts to changes and 
produces changes. 

The rationale is straightforward: the higher the 
sensitivity, perturbations and service demand, 
the higher the demand for canal operation. 
This can be expressed in the relationship: 

demand for operation =  service × perturbation 
× sensitivity.



Step 9: Operation Improvements

This step entails identifying options 
for improvements to canal operations. 
Improvements should aim at specific 
objectives such as:

 »  improving water delivery services to 
agriculture users;

 »  optimizing the cost of operation;

 »  maximizing the conjunctive use of water;

 »  integrating the multiple uses of water 
(IWRM).

It is necessary to develop modernization 
improvement options for each subunit 
based on: (i)water management; (ii) water 
control; and (iii) canal operation (service and 
cost-effectiveness).

The improvements are to be sought through 
one or a combination of the following options:

 »  allocating existing resources and inputs in 
a more cost-effective and responsive way;

 »  optimizing the organization and the 
operational modes;

 »  changing the operational strategy;

 »  investing in improved techniques and 
infrastructure.

For water management, the improvements 
aim to increase productivity and/or storage by: 
(i) minimizing losses; (ii) maximizing harvest; 
and (iii) re-regulating storage.

For water control, the improvements concern 
the hydraulic configuration of the operations. 
This entails a sequence of: (i) fine-tuning the 
hydraulic heads of canal structures in relation 
to each other; (ii) creating a specific hydraulic 
property of the canal (section) so that it 
performs as intended; and (iii) choosing the 
option that will minimize manual operational 
interventions/regulations for a specific period.

Step 10: Integrating SOM options

Improvement options for the subunits are 
finalized together with the associated costs 
for every option. These are then aggregated 
for the entire command area in line with the 
improvement option at the main

canal level. A modernization strategy is laid out 
with objectives and proposed achievements / 
improvements.

Step 11: Plan for modernization

The carrying out of the previous steps with 
some reiterative cycle is the process by which, 
progressively, a vision of the future for the 
irrigation scheme is crafted and consolidated.

This vision must then be converted into a 
plan that should aim at implementing the 
vision. Modernization improvements must be 
implemented in order to keep expectations 
and potential achievements at a realistic and 
practical level. 

A decision about the options to pursue is 
taken through extensive participation of the 
users. The solutions that are easiest and most 
cost-effective to implement are to be selected 
to start the process of modernization.

Monitoring and evaluation of the improved 
operations are necessary in order to ensure 
that achievements are maintained, and to 
provide a basis for comparison of the situation 
before and after the improvements.

Target audience

The MASSCOTE methodology aims to assist 
technical experts, irrigation managers and 
the wider body of irrigation professionals 
by addressing modern needs, issues and 
challenges. It permits ‘smart’ analysis of the 
physical and institutional components of 
medium to large irrigation canal systems and 
enables the professionals to embark upon the 
difficult road of modernization with practical 
and detailed objectives, plans and solutions.

Who can conduct MASSCOTE for 
modernization

MASSCOTE methodology can be applied 
by any skilled professionals, however FAO 
recommends whenever possible to associate 
MASSCOTE with a training that allows 
participants to be familiarized with the various 
steps of the process as well as with some 
modern techniques of canal control.

Who benefits?

Modernization aims to achieve improved 
overall economic, water-related and 
environmental performance through 
improved service delivery to all users in 
medium to large irrigation schemes. It has 
to pay particular attention to buy-in from 
irrigation service provider staff (in agencies 
and water users associations that employ 
them) in terms of benefits that accrue to them, 
in addition to the core objective of improving 
performance and service to farmers. Those 
who provide funding (agencies, tax payers and 
farmers) are also intended as key beneficiaries 
together with: 

 »  Farmers, who benefit from improved 
service at the most economic cost, and from 
management processes that empower 
them to participate in strategic decisions 
on system operation;

 »  Other water users in systems, through 
recognition of their service requirements 
and allocation needs;

 »  Irrigation staff and managers who benefit 
from the clear articulation of targets 
associated to incentives for performance 
achievement, and the greater demand 
for professionalism and accountability by 
users;

 »  Decision makers at national and provincial 
levels, who benefit through improved 
economic and social performance of the 
irrigation systems and the development 
workable strategies for investment with the 
support of the key constituencies.
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from the clear articulation of targets 
associated to incentives for performance 
achievement, and the greater demand 
for professionalism and accountability by 
users;

 »  Decision makers at national and provincial 
levels, who benefit through improved 
economic and social performance of the 
irrigation systems and the development 
workable strategies for investment with the 
support of the key constituencies.

MASSCOTE is already used in:
 »  India (Karnataka, Uttar Pradesh & Andhra 

Pradesh), China, Morocco, Nepal, Kyrgyzstan 
& Uzbekistan

 »  The Shanxi Provincial Department of Water 
Resources, China has indicated that all 
system managers in the province requiring 
provincial funds to upgrade their systems 
will need to carry out a MASSCOTE of their 
system to prepare their proposals

 »  The Karnataka Neeravari Nigam Limited 
(KNNL), India is developing since 2006 a re-
engineering approach of irrigation 
management which is based on a set of 
applications of MASSCOTE on various 
systems, the development of the capacity 
within KNNL on modern management 
techniques together with policy changes at 
state level.

While conducting 13 MASSCOTE workshops 
around 450+ WRD engineers were trained in 
the methodology.

The engineers of the Karnataka Water 
Resources Department were resource persons 
in workshops conducted in state/ other states/ 
countries.



Assessment and Key Findings 
of MASSCOTE Applications in 
Tungabhadra Left Bank Canal
The contributions of participants made 
during the working group sessions under the 
supervision of the supporting team at the 
workshop were largely included. 

1.  A water short system: the annual duty 
to the command area is low, 1080 mm, 
with respect to the allotment to TLBC (93 
TMC). In practice, the volume issued from 
the dam is much less than the normal 
allotment (62 TMC last twenty years 
average), thus actual water duty is about 
730 mm/year, far too low to grow two 
crops. Irrigation intensity is 91%.

2.  Water Efficiency is high: water users 
inside and outside the command area are 
taking advantage of any drop, therefore 
the system as a whole is not loosing any 
water during dry period. 

3.  High land and water productivity: 
farmers with good access to water are 
having high yields, land productivity in 
the command area is very high compared 
to other systems worldwide. Water is 
short therefore water productivity is very 
high as well.

4.  Inequity is extremely high: Users in 
the upstream reaches are growing rice 
and taking much more water than they 
should. The consequence is dramatic 
for the tail-enders of the main canal and 
distributaries (long ones in particular), 
who are receiving little water if any, with 
an unreliable, inadequate service of water. 

5.  Physical infrastructure is in good 
shape: recently lined on most reaches of 
the main and secondary canals, the 
network is physically in very good 
conditions and apt to effective operation. 
Some structures along Distributaries need 
to be fixed. 

6.  Water level is not controlled along the 
main canal: it aggravates the situation of 
tail-enders. While the upstream users are 
well fed and are withdrawing most of the 
water, for the tail-enders, water depth is 
low and highly fluctuating making the 
supply to offtakes erratic.

7.  Water flows not accurately measured, 
mostly underestimated: measurement 
of dam issues and discharges at offtakes 
are inaccurate. There is a sense of 
systematic underestimation of flows.

8.  Over withdrawals and Illegal 
withdrawals have gone out of control 
along TLBC: Managers have given up the 
idea of measuring/controlling discharge 
to upstream offtakes, night siphoning on 
the left bank of TLBC is frequent.

9.  Coping strategies for water deficit: tail-
enders have developed various strategies 
to cope with water deficit and unreliable 
supply (ponds, groundwater pumping, 
recycling nala flows, water efficient 
practices such Dry Sown Rice).
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9.  Coping strategies for water deficit: tail-
enders have developed various strategies 
to cope with water deficit and unreliable 
supply (ponds, groundwater pumping, 
recycling nala flows, water efficient 
practices such Dry Sown Rice).

10.  High equity on distributaries still under 
Warabandi: some distributaries have 
kept the old rotation distribution mode, 
one week wet, one week dry.  Equity is 
high and users of these distributaries are 
growing rice from head to tail. Efficiency 
is also very high due to the alternate wet 
and dry practice, which saves much water.   

11.  High frequency of floods: the reservoir 
is spilling 4 years out of 5. This means 
first that the water infrastructure is often 
loosing precious water that could have 
benefitted to users of the command area 
and second peak flows is creating floods 
downstream. The frequency and intensity 
of floods is increasing as the storage 
capacity has drastically declined from 
133 to 104 TMC since construction due to 
siltation.

12.  Existing project of augmentation of 
cum flood storage capacity: One option 
contemplated by local authorities to 
counteract the loss of capacity in the main 
reservoir is to construct on the left bank 
a new large canal of 47 miles that would 
evacuate the floods to a new reservoir 
(Navali). This technical solution creates 
an additional storage capacity of 30 TMC 
with a significant impact on service during 
Rabi season for the tail enders. The impact 
on Kharif season irrigation still needs to 
be investigated. It is a long-term option, 
with the issues of cost (6,000 Crores) and 
land encroachment (31 villages to be 
relocated) for which appropriate solutions 
have to be found.   

13.  Reservoir management optimization: 
Improving existing management 
procedure is a more immediate and less 
costly option. A preliminary analysis 
of flows data at the dam shows that 
anticipating inflows and pre-releasing to 
get water to tail-enders could lead to an 
average additional water availability of 7 
TMC per year by augmenting the flood 
storage capacity. 

14.  Increased rainwater harvesting: taking 
advantage of alternate wet and dry rice 
technique could lead to harvest more 
rainwater on dried bunded fields during 
monsoon. It is estimated that an additional 
volume of 5 TMC could be captured and 
kept during heavy rains of monsoon 
instead of going directly out of the 
command area to the river.

15.  Water efficient field practices: rice 
cultivation is extremely profitable for 
farmers, yields are quite steady. It is no 
option for them to return to dry crops. 
Managers should then concentrate their 
efforts on water efficient techniques for 
rice cultivation. Alternate Wet and Dry 
technique can reduce water evaporation 
during the season by 300 mm; Dry Sown 
Rice is saving on water needs for puddling 
some 150-250 mm, and on evaporation 
during the season as the previous 
technique some 300 mm. 

16.  Water management improvement 
strategy is first: this is the priority for TLBC 
to retrieve a sense of order and trust by all, 
including the tail-enders. Modernization 
of the canal operation should come after 
and has to be designed to serve a new 
agreed upon water management strategy. 

17.  Investing on professional water 
management and operation: The 
budget of KNNL local office is by any 
standards far too low. At present it 
represents 0.6 % of the agriculture gross 



production. It must be multiplied to cope 
with the challenges of a modern and 
efficient water management. 

18.  “Water to all on Equity basis from any 
source”: this is the vision proposed by 
participants of the workshop. It has strong 
implications on the disaggregation of 
services to local hydro-units, for which 
service should be adjusted to the water 
condition of the hydro-unit in accessing 
alternate source of water, and in existing 
or potential assets for coping with water 
deficit (ponds, tanks, pumping). 

19.  Service to users: back to Warabandi 
before going for flexibility: A flexible 
service adapted to local demand of 
responsible users is the long-term 
vision. Before that, Warabandi should be 
restored everywhere to fuel water savings 
and boost equity. Once this is done, the 
system can then embark into changes 
that will make users more responsible for 
the choice of services.   

20.  The first year plan: the focus is on 
additional technical and policy studies 
and on the sharing of options for 
water management strategy with all 
stakeholders, the fate of non-registered 
users to be tackled. A comprehensive 
water management strategy would be 
developed which would include:

a.  Right sizing the infrastructure and 
modernization plan to be consistent 
with water availability (including 
groundwater and conjunctive use), 
water allocations and the ‘level of 
service’ for water supply which is 
agreed with water users

b.  Adopting modern automated 
irrigation infrastructure with real 
time control of reservoir gates, canal 
cross regulators, and canal outlets 
which is accurate, precisely controls 
flow and discharges from the main 
canal, real-time reporting of flows 
and discharge from dam to tail end, 
and is tamper proof.

c.  Dealing with authorized and 
unauthorized users equitably so 
that water is used as agreed and 
according to allocations

d.  Consideration of piped supply to 
guarantee water supply and quality 
to towns 

e.  KNNL re-gaining control of water 
regulation and supply consistent 
with agreed allocations and 
conditions of supply

f.  The active involvement and 
responsibility for separate 
distributary management assigned 
to Federations of WUCS

21.  The 5 year plan: the focus should be 
on consolidation and implementation 
of an agreed upon water management 
strategy, on implementing the initial 
change of the distribution mode “Back to 
Warabandi”, on designing and putting in 
place the modernization techniques and 
the management set-up to serve that 
purpose.
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Assessment and Key Findings 
of MASSCOTE Applications in 
KrishnaRajaSagara Irrigation System
1.  A complex intricate water network: The 

command area of KRS is complex in terms 
of water flows. Water is highly recycled 
in the command area through seepage 
and return flows to other canals, storage 
in local tanks, groundwater recharge, 
drainage pick-ups and river anicuts. All 
these elements are key assets for effective 
water management. They require a 
thorough, robust and comprehensive 
real-time information system which is 
currently lacking.

2.  Dominantly rice oriented: Rice 
cultivation accounts for almost half of the 
agricultural economic value generated 
in the command area (47%). Sugarcane 
stands second at 28%, and vegetables 
come third with 19%.

3.  Land productivity is high: It stands 
at USD 2700 and 2100 per hectare of 
irrigated land for a wet and a dry year. 
These values rank higher than those 
reported in many systems studied by FAO 
in Asia and elsewhere.

4.  Water productivity is fairly high: It 
stands at 0.15 USD/M3 and 0.22 USD/
M3 for agriculture use. Actual values 
should even be higher after accounting 
for multiple uses of water. These values 
also rank higher than those reported in 
many systems studied by FAO in Asia and 
elsewhere.  

5.  High Inequity in water use:  Upstream 
reaches receive a good service of water, 
while tail-enders suffer from water 
shortages. The evapotranspiration maps 
of the command area exhibit high spatial 
variations from 1 to 2 (730 mm to 1340 to 
mm).

6.  Importance of multiple uses of 
water: There are many uses of water 
beyond irrigation like domestic, cattle, 
recreational, power production, water for 

the city (sewage) and trees (plantation and 
natural vegetation). These uses of water 
should be included in the reformulation 
of water services, and their values should 
be assessed.   

7.  Importance of the water commitments 
outside KRS Command Area: Karnataka 
must make available 192 TMC annually 
for Bengaluru and Tamil Nadu. KRS is the 
most downstream major project and thus 
holds a special responsibility in meeting 
these requirements.   

8.  Low performance in canal operation: 
Despite being rehabilitated recently, the 
performance for canal operation ranks 
medium to low. The system is plagued 
with water losses, water flows are not 
measured and the water level is not 
controlled.

9.  Weak flow measurements.  When 
seldom-performed, measurements are 
not at all accurate (lack of calibration, 
inaccuracy of gauge reading). 

10.  Massive unauthorized irrigation 
practices:  The number of pumps along 
the main canal is enormous. Unauthorized 
extension of the irrigated areas can be 
found on the uphill side of the main VC 
canal, as well as within the command 
area, on elevated lands.

11.  A high leaking system: Heavy water leaks 
occur due to oversupply at the upstream 
or at defaulted structures (aqueduct, 
offtakes). For example, the Lokapavani 



river drains several hundred cusecs from 
the upstream reaches of the VC canal. 
Water leaks might not be considered as 
true losses given the recycling process. 
However, a major disadvantage of these 
water losses is that they deprive the tail-
ends of canals of sufficient discharge.

12.  The capacity of the infrastructure is 
good enough to perform as intended. 
The only major limiting factor is the lack 
of information (measurements). Real-time 
comprehensive information collection 
and processing should be implemented 
to cope with a complex water network.

13.  Structures along the canal are low 
sensitive: There is a high gradient of 
elevation in the CA. Therefore, offtaking 
structures are experiencing a significant 
difference in the head and are low 
sensitive under normal circumstances. 
Few structures at the tail ends might be 
sensitive when the flow is too low.

14.  High perturbation due over 
withdrawals in the upstream reaches: 
It occurs along the main canal due to 
over withdrawals and unauthorized 
withdrawals. This leads to a major difficulty 
in water reaching tail-ends of canals.

15.  Perturbation around the old capital city, 
Mysuru: The right bank canals of KRS are 
affected by the large city of Mysuru. The 
development of the city is encroaching 
on the command area, and the sewage is 
let into the Varuna canal. The city is thirsty 
and greedy for land. It looks crucial to 
include this urban problem into IWRM for 
KRS Project.    

16.  Irrigation water contributes to 80% of 
the water input to irrigated fields, while 
effective precipitation to 20%. When 
calculated for the gross command area, 
the respective contribution of irrigation 
supply and rainfall are more balanced. 
Irrigation contributes to 63% of water 
input for a wet year and 56 % for a dry 
year.   

17.  The rainfall is highly spatially variable: 
There is a low precipitation pocket along 
the Southeast – Northwest axis, crossing 
the middle of the CA and centred around 
Mandya. The rainfall pattern is influenced 
by southwest monsoon and northeast 
monsoon. Spatial variation in the CA 
can be as much as one to two (2009:  
500mm/1000mm).

18.  A long rice transplantation period in 
Kharif: The shortage of labour for rice 
transplant makes the irrigation season 
for paddy lasting far too long. This leads 
to water losses throughout the CA. 
Water is let into distributaries and fields 
that are not under work. It is, therefore, 
recommended to organize the staggering 
of irrigation.  

19.  Meagre attention to water 
management and canal operation: The 
current funding allocated to canal 
operation and maintenance is about 1% 
of the agriculture gross production value 
at farm gates. This is not enough to cope 
with the complexity of management. In 
the context of acute tension on water 
resources management and allocation, 
the cost of not investing in modern water 
management and improved canal 
operation is extremely high. Not investing 
would be translated into severe losses in 
agriculture production due to the 
reduction of irrigation intensity.

Modernization Plans
There are three main areas on which 
modernization should be strategically set to 
increase performance:

 »  Farm/User: Cropping and irrigation 
techniques.

 »  Local Management: Disaggregate water 
management to local users.

 »  Whole Infrastructure Management: 
Optimization of the main reservoir and 
local storage capacity and improvement of 
the decision-making process.   

The vision proposed during the workshop was 
“Improved livelihood through efficient water 
management service from all sources of water 
by the adoption of best practices involving all 
stakeholders”.

The complexity of water management in 
KRS project area leads to a two-phase plan 
for modernization. The first two years are 
focussed mainly on investigation studies and 
mobilization of all stakeholders and solutions 
testing. The goal is to craft with all partners a 
modernization plan that will be consolidated 
enough to start implementation at the end of 
these two years.

The phase 2 goal is to implement the 
modernization plan in all components like 
information, agriculture development, water 
management, institutional and IWRM and 
canal operation.
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Assessment and Key Findings 
of MASSCOTE Applications in 
Mapaprabha Project
1.  A water-scarce system: Irrigation duty 

reaches between 330 and 571 mm with 
the annual rainfall being about 520 mm. 
Irrigation intensity is low (28%).

2.  A highly efficient water system: The 
system as a whole does not lose much 
surface water. It has been measured 
during the workshop that only 1.4 % 
of the water issues at the reservoir was 
flowing at the downstream reaches of the 
river. This means that 98.6% of the volume 
of water delivered upstream is effectively 
used in the GCA.  

3.  Irrigation water contributes to 77% of 
the water input to irrigated fields, while 
effective precipitation to 23%. 

4.  Land productivity is low: It is respectively 
USD 1122 and 1046 per hectare of 
irrigated land for a medium wet and a dry 
year. These values rank lower than those 
reported in many systems studied by FAO 
in Asia and elsewhere (median 1400$).

5.  Water productivity is fairly high: It 
stands at 0.18 USD/M3 for agriculture use. 
The actual values should even be higher 
after accounting for multiple uses of 
water. This value ranks higher than those 
reported in many systems studied by FAO 
in Asia and elsewhere (median 0.09 USD/
M3).  

6.  High Inequity in water services to the 
subcommand areas:  Left Bank Canal 
gets a water service higher than designed 
(146 %) while the Lift Irrigation Systems 
receive only 61%.  The Right Bank Canal 
receives as designed.

7.  Extremely high inequity along the 
main canals. The upstream reaches 
receive a good service of water, while 
the tail-enders suffer from water 
shortages. Some reaches are not fed at 
all. The evapotranspiration maps of the 



command area exhibit extremely high 
spatial variations from 1 to 4 during wet 
years  (400 mm to 1600 to mm) and from 
1 to 20 during dry years (100 to 2000 mm).  

8.  Importance of multiple uses of water: 
There are many uses of water beyond 
irrigation like domestic, cattle, power 
production and trees (plantation and 
natural vegetation). Some of these water 
services are organized for MUS. For 
instance, canal banks are equipped with 
steps to provide safe access to water, 
but not everywhere. These uses of water 
should be included in the reformulation 
of water services, and their economic 
values should be assessed.  

9.  Low performance in canal operation: 
Despite being rehabilitated recently, the 
performance for canal operation ranks 
medium-low. The system is plagued 
with water losses; water flows are not 
measured, and the water level is not 
controlled.

10.  Weak flow measurements:  When 
seldom-performed, measurements are 
not at all accurate (lack of calibration, 
inaccuracy of gauge reading, 
inappropriate hydraulic formulae). 

11.  Massive authorized pumping irrigation 
practices:  The numbers of individual 
pumps in the reservoir and along the river 
is enormous. Although they are authorised 
by KNNL, they are not reflected in the data 
records of the irrigated area, yields, etc.   

12.  Massive unauthorized withdrawals 
along main canals: The number of 
unauthorized withdrawals—either by 
syphons or by pumping from the main 
canal—is simply enormous. All this 
generate water deficit in the second half 
of the canal, and the situation is dramatic 
at the tail end of the CA.

13.  Unsustainable groundwater 
exploitation: Direct pumping of the 
groundwater is also widespread in the 
area. The consequence is a significant 
drop in the water table during the last 
decade at a rate of 1.5 meters per year. 
The sustainability of the groundwater 
system is at high risk.    

14.  Good capacity of the infrastructure: It 
is good enough to perform as intended. 
The only major limiting factor is the lack 
of information (measurements). Real-time 
comprehensive information collection 
and processing should be implemented 
to cope with a complex water network. 
The second limiting factor is the safety 
as structures are missing or no longer 
functional.   

15.  Low sensitive by design, high 
sensitive in practice: The structures for 
distribution of water along the canal are 
low sensitive by design (significant head), 
but in practice, many are highly sensitive 
because the canal runs rapidly low after 
the initial reaches (low head).     

16.  High perturbation due over withdrawals 
in the upstream reaches: it occurs along 
the main canal due to over withdrawals 
and unauthorized withdrawals. This leads 
to a major difficulty in getting water 
reaching tail-ends of canals. 



17.  The issue of staffing: The system is 
confronted with a major issue of staff. It 
seems drastically understaffed when we 
consider the entire GCA (850 ha per staff). 
Two factors have to be considered to get 
a clear, robust picture of the staffing issue. 
On the one hand, irrigation by canal water 
is very limited in the project, the intensity 
is low (28%) and so is the duration 
(few months). Thus, the density of staff 
compared to the actual irrigation needs 
for operation might be not that low. On 
the other hand, during the recent years, 
the staff have been busy with investment 
works (canal lining), therefore devoting 
less time to operation. This staffing issue 
should be investigated in more detail to 
get the best benefit of the investment 
made.   

Modernization plans

The complexity of water management in the 
Malaprabha project area leads to a two-phase 
plan for modernization. The first two years are 
focussed mainly on investigation studies and 
mobilization of all stakeholders to redefine the 
management, the governance and operation 
of the system and to solutions testing. The 
goal is to craft a modernization plan with all 
partners that will be consolidated enough to 
start implementation at the end of these two 
years.

Sl.No. Project Period Place

From To

1 Ghataprabha LBC 06-10-2006 20-10-2006
Hidkal Dam, 
Karnataka

2 Gandorinala-Bennithora 09-12-2006 15-12-2006
Gulbarga, 
Karnataka

3 Bhadra Project 17-01-2007 02-02-2007
Shimoga, 
Karnataka

4 Hemavathy Project 18-06-2007 29-06-2007
Hassan. 
Karnataka

5
Jaunpur Branch Sub-Basin of 
Sarda Sahayak Pariyojana

07-12-2007 19-12-2007
Sultanpur, 
Uttar Pradesh

6
Almatti LBC, RBC and 
Mulwad East-West LIS Projects

13-05-2008 21-05-2008
Almatti Dam, 
Karnataka

7 Upper Ganga Canal System 16-09-2008 25-09-2008
Meerut, 
Uttar Pradesh

8 Canal system under Narayanpur reservoir 31-01-2009 10-02-2009
Bheemarayanagudi, 
Karnataka

9 Parkent-Karasu Irrigation System 26-07-2009 07-08-2009
Tashkent, 
Uzbekistan

10 Tungabhadra LBC and Vijayanagara Channels 22-08-2016 03-09-2016
Hosapete, 
Karnataka

11 Aravan-Akburinski Canal System 28-11-2017 08-12-2017
Osh City, 
Kyrgyzstan

12 KrishnaRajaSagara Irrigation System 27-08-2018 08-09-2018
Mysuru,  
Karnataka

13 Malaprabha Project 27-11-2018 08-12-2018
Dharwad, 
Karnataka



Advanced Centre for Integrated Water Resources Management 
(ACIWRM)

1st Floor, KSFC Bhavana, # 1/1, Thimmaiah Road, Bengaluru – 560 052
Phone: +91-80-22262042/43/44; Fax: +91-80-22262045

e-mail: registrar@aciwrm.org; director@aciwrm.org URL: www.aciwrm.org 

ACIWRM
The ACIWRM was established to become a Global Centre of Excellence by Government of Karnataka in 
February 2012. ACIWRM acts as a think tank to the Government’s Water Resources Department (WRD). It is 
engaged in policy analysis, research, planning, capacity building and developing the knowledge base for 
gearing up the department up to its future vision 2030. The ACIWRM works with the various departments, 
civil society, the private sector, farmers and water user associations and other organizations to produce 
integrated advice to the WRD for managing the State’s water resources.

KISWRMIP
Karnataka being one of the most water-stressed States in India, with 61% of the State’s geographical area, 
the 5th highest, being drought prone in large number of years in a decade. The state has experienced 
severe drought conditions, consecutively for 6 years from 2011 to 2016. Government of Karnataka decided 
to develop Integrated Water Resources Management (IWRM) approach and sought the support of Asian 
Development Bank (ADB) through Government of India. A multitranche fi nancing facility (MFF) for the 
Karnataka Integrated and Sustainable Water Resources Management Investment Program (KISWRMIP) was 
signed and made eff ective on 13 July 2015 for a period 2014 - 2021.

The investment program comprises three outputs: (i) Output 1: State and Basin institutions strengthened 
for Integrated Water Resources Management (IWRM); (ii) Output 2: Irrigation system infrastructure and 
management mobilized; and (iii) Output 3: project and management systems operational. Output 1 is 
being implemented by ACIWRM, while Outputs 2 and 3 are being implemented by KNNL.


