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IRRIGATION SCHEME WATER MANAGEMENTL
by Jack Keller?,3

The purpose of this paper is to present
sawe useful conceptual /visual  frameworks
for thinking and commnicating about ‘the
management of irrigation systans and the
schemes they serve. Assuming the ohjective
of irrigation developrert is to improve
hunan well-being, addressing water manage-
ment at the irrigation schame level is
thought provoking. It begs the fol Towing
questions: what are irrigation schemes and
their objectives; what is water managanent
and the ohjectives of it; how can we best
camunicate and think a®out irrigation
management within and between the disci-
pline areas involved: and would using the
word "systen" instead of "scheme" make any
difference?

I will give answers to these questions.
The answers and the rest of the material
which follow are an effort to articulate my
thoughts on these metters as clearly as I
can at the marent. What is in my mind, in
turn, results fran meditating on my field
experiences, in view of the words fram many
professional colleagues.  while 1 value
their written literature dearly, my many
stimulating discussions with professional
friends have beer even more valuable.

The remarks which follow are organized
into three topical areas: the context of
water management; an overview of irrigation
systems and the schemes they serve; and
requirements for managing large-scale irri-
gation systams. The organization of the
material is original and unique, especially
the overview section. However, the indi-
vidual thoughts contained in this presenta-
tion have probably all been stated (orally
or in writing) before. Therefore, I will
neither attempt to justify nor credit all
of the statements by citations, however, a
Tist of a few pertinent references is
attached.

WATER MANAGEMENT

Lowdermilk (10) defines irrigation water
management as “"the process by which water
s manipulated (controlled) and used in the
production of food and fiber...(It) is nat
water resources, dams, or reservoirs to
capture water; nor codes, laws, or institu-
tions to allocate water; nor famers organ-
izations; nor soils or cropping systams.
It s, however, the way these <ills amd
physical, biological, chemical, and social
resources are utilized for improved food
and fiber production."

Quoting fram Lenton (9):

"Improved  irrigation  perfonmance
depends on the management, not only
of water, but of irrigation systams
as a wwle, includirg management of
information and controls; of people
(fammers and those who work in irri-
gation organizations); and of other
inputs besides water. In essence,
the inanagement of these elements
revolves around water and its
control "

Imis paper represents the author's
interpretation of some of the pertinent
"lessons Tearned" between 1979 and the
present, through USAID's Water Management
Synthesis I and 11 Projects.

2Prou'cssor, Agricultural and Irrigation
Engineering Department, ard Project Co-
Director, WS II Prgject, Utah State
University, Logan, UT,

pssisted by Allen D. LeBaron, Professor
.meritus of Agricultural Econamics, Utah
Siate University, Logan, UT, and Musa N.
Nimah, Associate Professor of Irrigation,
Arerican thiversity of Beirut, Lebanon.



“In addition to better water
control, a set of ohjectives is
necessary for management. There is
no management without water control
and objectives.  Managament refers
to the operation of the system to
meet  the objectives. To  check
whether the ohjectives are met or
not, the systan perfonnance nust be
monitored and evaluated and a feerd-
back control nmechanism devised to
meet the project objectives.”

Paraphrasing fran Peterson (11) who
poses and answers the following fuestion:
in view of all our advances in and
knowledge of irrigation technology, whv is
it that irrigation systams and the schames
they serve fall so notoriously short in
tenns of what reasonably could be expected?
Authorities generally now believe that the
difficulty lies in the failure of
irrigation schemes to be systamatically
operated.  Water deliveries to fields
not match crop needs; and other production
inputs such as seeds, pesticides,
fertilizer, labor amt technical knowhow are
not available in a timely fashion. The
fanmers, who are responsible for managing
the crops are nonmally not involved in
planning and managing the water and cther
input  delivery systems. The various
subsystans making up the scheme with its
huran  parts requires multidisciplinary
diagnosis, study, thought and action. The
subsystems can only be studied in vivo, nat
on experiment stations or by controlled
experiments on farmms, Diagnosis requires
an irductive or clinical approach rather
than the deductive approach of the
agricultural and physical sciences. These
are the ideas one hears aout the new
approach called water management.

The termn “irrigation system" is
general ly used too loosely. It is used to
mean anything fron a smll-scale vater
supply and application system to an entire
agricultural scheme served by a single
lame-scale or multiple smll-scale water
supply systen.  For clarification I will

restrict my use of tne tem irrigation
system to the capture, deTivery,
application and ramwval of water fran
agricultural land. 1 will use the tem
irrigation scheme to refer to the entire
irrigated “agricultural production system
which an individual or graup of irrigation
systens serve plus the associatel vater-
shed, imputs and effects of the enterpi-ise.

I will use the temm irrigation scheme
management to mean the nmanagement of tnc
watershed and the irrigation systems as a
whole, plus management of information and
people, and of the necessary production,
financial and institutional imputs; the
tem irrigation system performance as a
measure of an irrigation system's success
in achieving establishad ohjectives, often
defined in tems of overall operational
efficiency and meeting equitable water
delivery schedules in time and space; and
the temn irrigation scheme performaice as a
measure of the net value of the agricul-
tural production and the net positive
social, econanic and environmental effects
or benefits derived fran an irrigation
scheme.

Management Needs

Irrigation involves both physical works
ard human activity. There is little need
to discuss the physical irrigation system
or the fact that human activity, such as
management and the knowledge and effert to
irrigate, are essential for success. A
point that is often missed, however, is the
nead for cammnication between water users
and suppliers so physical delivery ard
application of water can tae place in a
meaningful way. The management efforts of
the various people involved and either an
automatic anticipatory system or a respon-
sive canmnication system are needed to tie
irrigation scheduling decision-making and
delivery processes together.

In addition to irrigation, for success-
ful agricu'tural production, other physical



inputs such as seed, fertilizer, and pesti-
cides are required at the irrigation schame
lTevel. The delivery of all of the aove
must cane together in an optimal mix at the
individual plant as well as the field level
in order to achieve high production. For
prafuction to be meaningful and sustain-
able, harvesting, tramsportation, storage
and marketing are also necessary.

Experience has shown that many if not
most irriqation systamns amd the schamwes
they serve have been designed with little
regard for the social and political, as
well as  the ergineering and agronamic
aspects of both the managament of deliver-
ies ard the efficient on-fann use of water.
Typically, the quality of management, quan-
tity and timing of labor, microeccnamics,
other nealed agronanic inputs and marketing
have received insufficient attention. This
has resulted in mny irrigation schemes,
with  "technically feasible" irrigation
systems, falling far short of meeting
expected production goals. In both
developed and developing countries,
improving irrigation scheduling and system
managament has the potential of increasing
water and energy use efficiency by 20 to 50
percent. 3y improving both irrigation
system and crop managemert, crep production
per it of water supplied to nost irriga-
tion schemes could be at least doubled in
many developing countries.

Management Plan

Irrigation system or scheme managament
starts by defining purpose ard the under-
lying ohjectives, for there is no manage-
ment without ohjectives. Next, it delin-
eates procedures to achieve the ohjectives
ard nonitors  selected performance para-
meters to see vhether the ohjectives are
being achieved or not. If the ohjectives
are met, then the irrigation system or
scheme is assured to be well nanaged.
Otherwise, 1in the case of an irrigation
system, for example, appropriate changes in

the system's parameters must be made in the
planning, design, construction, operation
and/or maintenance of the systam. In
addition to having a qgood managarent plan,
the operating staff neads to be comnitted
to the purpose of the undertaking.

For a new irrigation system, one can
plan, design, and implement the system for
manageability. For an existing irrigation
system, lowever, the diagnostic aproach
for developing a new maragement plan starts
with nonitoring (or analyzing) the systam
performance and canparing it with the
desired (or expected) performance. If the
actual falls too far short of the desired
performance, the factors responsible for
the low system performance are delineated
and solutions for improving it developed.
The recommended solutions should be
developed in consultation with the managers
and users and first be tested on a pilot
level before being fully inplemented.
Typical solutions involve modifications of
planning, design, construction, operation
and/or maintenance procedures.

Farmers who are the direct beneficiaries
of public irrigation systems try to
maximize their own '"net benefits" fram
irrigation. They do this by maximizing the
praductivity per wnit of land, labor,
capital or water; whichever is their
scarcest resource. However, for the more
favorably situated fammers, water may not
be the scarcest resource unless it s
rationed, ailocated, and distributed
equitably, even if it is in short supply
elsewhere within the irrigation system.
Therefore, the favorably situated fammers
myy not be corcermed about water-use
efficiency or fair and equitable distribu-
tion of water to other famers, although
these are typical operational ohjectives
for public irrigation systems. This
dichotomy between the operational ohjec-
tives of the public agency and the more
favorably situated private beneficiaries is
the root cause of many problems in managing
irrigation systems.



Irrigation enterprises are not static,
they are continuously evolving (or
changing).  Changes occur to move the
system toward equilibrium. The rate of
change 1is a function of the degree of a
system's uncontrolled (unmanaged)
instability.  Three major types of changes
are those associated with: the rate of
physical eterioration relative to mainte-
nance; the development of the support
institutions and famers: and the changes
in econanics, physical irputs, labor avail-
ability, technigues, technologies ard the
natural rescurce base. (These features and
processes are typical of organisms.) Being
piysical enteérprises operated and main-
tained by agency personnel and the famers
being served, changes tak~ place in an
ecoiogically rational manner and in
accordaice with the attractiors or incen-
tives ard discinlinary actions relative to
all the peopl. involved. It would be
"ideal" if we could devise a means for
obtaining the desired irrigation scheme
performance entirely through a positive
approach by creating all the necessary
incentives to stimulate developrent to meet
specified objectives. Unfortunately, it is
difficult to imagine devising such a
developrent framework, and thus, the need
for enforcement powers and discipline.

Sane areas that are often overlooked in
planning for better or improved irrigation
system and/or scheme performance are:

* The need for sufficient canmmication
between the users and suppliers of
water so that the physical delivery
and aplication of water can take
place in a meaningful way;

* The need for visualizing irrigated
agricultural developrent in an inte-
grated interdisciplinary framework;

* The need for careful, well disciplined
and responsive main system management
capable of delivering water in a

timely, efficient and equit>hle
manner;

* The fact that irrigation systems with
low relative vater supplies require
extensive physical works and diligent
management to achicve equitable
distribution and high water-use
efficiencies;

* The evolving (or dhenging) nature of
irrigation  famers, institutions,
systems and schemes along with the
need to create an enviroment which
attracts as well as disciplines the
process toward the desired ends;

* An apreciation for the three poterw
tial menagement levels and related
physical interfaces of large irriga-
tion systems serving numerous small
famms which are:  the water supply
systes, the fam application system;
and the interface between them;

* The potential created by irrigation
developments for reusing surface or
subsurface drainage waters to increase
the overall efficiency of water utili-
zation through conjunctive use; and

* The need for: leaving roan for
flexibility and change when designing
systems; a nmore inteyrated study
curriculum for the technicians
involved in system design and manage-
ment; ard a better understanding of
the entrepreneurship and labor
requirements of irrigated agriculture.

Good irrigation management requires
conceptualizing and articulating purpose
and generating the creative capacity using
all available resources to increase organi-

zational productivity in pursuit of its
goals. However, most often the administra-
tors assume or acoept assigned ohjectives
and use prescribed techniques to regulate,
control and distribute (dispense) given
resources in an effort to achieve them,



AN JRRIGATION SYSTEM/SCHEME
OVERVIEW

As a teginning point, it gears that
many irrigation systems ani the schames
they serve are designed and  implemented
without having a clear concept of purpose.
I can see four samewhat different ohjec-
tives for irrigation development.  These
are: for camercial production; for socio-
political reasons: for envirommental
reasons; andt/or for qeostrategic reasons.
A ccmercial production objective refers to
an irrigation development where the prin-
cipal purpose is to produce food ard fiber
for markets. A sociopolitical (or social
Lenefit) ohjective generally refers to a
project which is principaliy directed to
improving the well-teing of a rather large
nunber of existing or rrsettled famers
with small land holdings. By geostrategic,
[ refer to prajects which are initiated as
political favors or for regional develop-
ment or security reasons. A1 environmental
objective might be to provide more
hospitable Tiving conditions or to reduce
floodireg.

The purpose of most irrigation develop-
ments contain elements of more than one
ohjective.  Thus, the ohjectives must be
ranked and integrated into a structural
unity and clarifiad intent to reveal the
purpose at the onset (rather than mak‘ng
ali schams apear to be camercially
oriented using standard benefit-cost
analysis). A clear statement of purpose is
important for it provides an essential
criterion for decision-making (between one
course of action ard ancther).

Domains of Irrigation Schemes

We find it useful to think of an irriga-
tion scheme as having three primary
physical /management damains; namely, the
watershed domain, the water supply system
damain, and the agricultural damain.
Figure 1 shows a schemtic depicting a
water supply system receiving its water

fran the watershed and delivering it to an
irrigated fann area. As a reninder that an
irrigation schame is only a part of the
larger human amd natural ecosystems, we
have surrounded it by a three-sided box.
We have purposely left the watershed end
open hecause often much of it lies outside
of any direct influence of the schemr
managers vet the schame is dependent on the
watershed,

The water supply systam includes: the
dan anl reservoir to capture and store
water; the comveyance, delivery and regu-
lating structures; and the drainage works.
The water supply system plus the drainage
and on-fanm irrigation works make up the
irrigation system. The irrigation system
includes the entire waler supply system
danain but only part of the agricustural
danain ard practically none of the water-
shed.  Thus, the scope of the irrigation
system is considerably limited as compared
to that of the irrigation scheme of which
it is the key feature.

The Tlack of urderstanding and/or cammu-
nicating this difference between the system
and scheme perspectives has lead to
considerable confusion and mismanagement of
resources. Typically, irrigation agercies
mainly focus on the irrigation water supply
system (or, at best, on the entire
irrigation system).  Since water is nat
only essential but often the most costly
and difficult to manage input to irrigated
agriculture, this focus is necessary but
not sufficient for scheme success.

Inputs

Since water is an essential imput,
"getting the hydrology right" is essential.
In dealing with surface resources this is
difficult because of the stochastic nature
of watershed runoff and river flows. It is
also difficult when dealing with ground-
water resources hecause of the expense and
inaccuracies associated with groundwater
surveys.
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Figure 1. The Three Domains and the Inputs, Outputs and Effects
of an Irrigation Scheme.
For schemes supplied directly fram estimating irrigation water requirements

rivers, getting the hydrology right means
first of all correctly anticipating (based
on probabilities) the available inflow
water and silt loads throughout the poton
tial annual irrigation scasons (for sizing
the irrigated famn arca and anticipating
silv raroval requirarents).  For schemes
supplied fran surface reservoirs, it meams
both correctly anticipating (based on
probabilities) the total expected watershod
runoff and silt loads (for sizing the
reservoir and irrigated famm area); and
peak flows (for sizing the spillway for dam
safely purposes).  For schemes supplied
fran  groundwater reservoirs, it meams
correctly anticipating the expected yield
aml drawdown of the wells over an extended
period as well as during the anrual irriga-
tion seasons (for sizing the irriqated famn
area ant estumting enemy costs).

qetting the
correctly

In addition to tha aove,
hydrology  right  also  means

(plant water needs less ef fective rain, see
Figure 1) for some "reasonable” cropping
patterms and expected irrigation systam
performance., Unfortunately, to satisfy
standard  benefit-cest analysis criteria,
planners often distort the hydrology by
overestimating water supplies, irrigation
system efficiencies and crop productivity.
Furthemore, there is also a tendency to
select cropping patterms  and operating
rules which leave too Tlittle flexibility
for future change.

Along with water, sunshine amd the
atmospheric  environment, a rumber of
institutional, financial amd production

iputs fran sources external to the schame
are essential for irrigation scheme
implarentation and success such as:

and technical

* Labor, techniques

skills;



+ Infonmation about crop selection,
husbandry, protection and management;

* Managament. in all three domins;
- Capital (noney) and credit:

- Irrigation system ani famning equip-
ment, technolcqgies and supplies;

* Power or twel (enenyy) to operate the

irrigation system and  famming
equipment;

* Transportation and communication
devices: and

* Other needed infrastructure.

Internal Resources

The famers along with their lands
carmanded py the irrigation systems (within
the boundaries surrounding the water supply
system and aqricultural domains in Figure
1) make up the primary intermal resources
of an irrigation schame. The individual
and collective capabilities of the famers
and the quality of the land greatly affect
bath the gestation period and the ultimate
success of irrigation developmert.

Potential secordary intermal resources
include the local institutional structures,
labor supplies, local sources of capital
and traditional irrigated agricultural
technologies amd technigues. Important
institutional structures (vhich are often
overlooked) include: traditional camunity
management organizations; local orgeniza-
tions for canmnicating and tramsferring
information anxi  knowledge; ard  local
credit, transportation and marketing
structures,

Qutputs and Effects

Irrigated (as well as rainfed) agricul-
tural  production is the major scheme

output. Often, much of the irrigated
production fram gravity-flow systems is
dependent on water 1ifted fram wells and/or
drains which in turn are recharged hy the
gravity systems.  This rause of "lost"
water s alled conjunctive use and it
should be taken into account in determining
benefits. For an irrigation development to
be an econanic success, there must be ample
marketable production to recover at least
part of the capital costs as well as
recurring and rehabilitation costs of the
irrigation systam.

In addition to production outputs, there
will be some autflow water plus some bene-
ficial ard some adverse “"social, econamic,
and environmental effects" resulting fram
developing an irrigation schem (see Figure
1). The outflow water resulting fram
reservoir spills and releases plus channel
segpage, operational losses ard excess
irrigation applications may be qood or bad
depending on its quality (salinity) as well
as tamoral and spatial quantity. Before
making system changes designed to reduce
water losses fram a mature gravity-flow
system, the bhenefits being derived fram
conjunct ive use within the system and fram
outflow waters should be carefully
considered.

Figure 1 shows the 1institutional,
financiel and production needs for the
schere as irputs fran the larger human and
natural ecosystems of which it is a part.
The production autputs are deliveries to
this larger wiiverse. But the social,
econanic and envirormental effects of the
irrigation development are symbolically
shown as beirg both internal and external
tn the scheme by overlapping the three-
sided box surrounding the schame. Typical
beneficial social, econanic and environ-
mental effects of an irrigation development
might be:

* Labor benefits;
+ Increased tax returns;

+ Nev fisneries;



Recreation opportunities;

Reduced flooding and erosion;

* More stable groundwater anmd downs tream

irrigation water supplies;

* Improved damest ic water supplies;

« More reliable

and  rutritious food
supplies, better incane distribution
and improved living standards for mre

people;

Increased  canmerce  and incanes  in

adjacent regions, etc.

Typical adverse effects micht be:

* Health

Waterborne diseases;

hazards related to chamical
(such as insecticide) inputs;

Displaced famers fran the submergence
and canal right-oi-way areas;

Loss of downstrean riparian damestic
and irrigation water rights;

Loss of recession agriculture lands
and related silt deposits which
improve the soil;

Destruction of traditional river and
estuary ficheries;

Salt water intrusion in estuaries;

Labor shortages in adjacent areas:

Depressed  camndity prices due to
excess production;

Political and social conflict and
corruption;

Inequitable incane distribution due to
uneven access to water;

Real estate speculation in the cammand
area, etc.

Project Planning, Design
and Management

The job of god irrigation developiment
planning, design, ard management  requires
minimizing negative effects to the human
and  natural ecosystems and unproduct ive
iputs  vhile producing sufficient net
benefits to offset costs. To do this, the
value of bhoth production outputs  and
beneficial effects must be sufficient to
offset the mnetary and other societal
costs of both the imputs ad adverse
ef fects.

For the watershed domain, this requires
getting the hydrolegy right in the first
place, as discussed earlier. It also
requires managing the watershed to the
extent possible to both: maintain its
performance in tems of runoff reliability
and sustainability by restricting “evelop-
ment of upstrean water comsumption; and
minimize silt loading hy encouraging
erosion control practices and activities
such as reforestation, managed grazing,
corservation farming and building ercsion
control structures.

To effectively manage the water supply
system, the entire corveyance/ distribution
(delivery) system and the discharges fran
the outlets provided to serve the famm
units must be predictable. As a first step
following comstruction, this requires
hydraulic performance testing fran the
headgate to each field turnout (see Figure
2). This initial testing is necessary to
detemmine the as-built performance and
pirpcint major design/construction flaws
needing correction. (Hdraulic perfonmance
testing is the practice of measuring and
recording flow rates at strategic locations
throughout the entire systan wder all
nomal operational modes.)  Thereafter,
periodic testing is necessary to mpnitor
on-line performance and detenmine mainte-
nance and/or rehabilitation needs. To be
predictable, outlets must either be
controlled (or fixed) flow devices or he
adjustable and provided with some means for
measuring the discharge flow.  For the
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smaller outlets along the secordary canals
serving individual o~ groups of farmers,
controlled flow devices are preferable.

To most effectively serve all the
irrigatal fams in the agricultural damain,
the water supply must be reliable,
redictable, tinely, and accessible to each

fam wnit.  Furthemore, it is usually
intended that the water he equitably
distributed among all of the famms

camanded by the irrigation systam. To
achieve these lofty goals, the water supply
systan fran the headworks to the controlled
outlets serving the wnit comand areas
(UCAs), vhich make up the “top or upper
erd" of the irrigation systen, must be well
planned, designed, constructed and managed.
In addition, proverly plannad ard designed
tertiary canals and field channels nust

also be constructed within the UCAs to
convey the irrigation water to within
practical reach of each fam field. (See
the tertiary canals with turnouts serving
fields in the large UCA in Figure 2.) To
do this effectively and give all fanmers
access to their share of water and a serse
of ownership and camnitment to the system
(especially the shared canals within the
UCAs) requires comsultation and collabora-
tion with and between the fammers.

Getting the water to famers' fields is
still not enough, for it must be properly
applied (along w'th cther imputs in the
agricultural  damain) to hecane  fully
productive. To properly apply water to the
fields requires having a reasonahly good
physical application systen with sufficient
labor and  knowledgeable  monacaient  to



operate it. However, fammers often lack
the incentives, resources, time and/or
knowhow to camplete and adequately manage
this "bottan or lower end" of the irriga-
tion systan. %o, even if the irrigation
water delivery systan works to perfectiorn,
the drrigation schan may fail for lack of
production unless farmors are provided with
or have the necessary tochnical assistance,
cradit and/or incentives,

In atldition to delivering and applying
water, excess surface and subsurface waters
must te drainad away to minimize water-
Togging ant  salinity. Within Tlarger
irrigation systams, water delivery and the
ramval of excess water are uswally the job
of the irrigation bureaicracy. Fortunately,
(both private ard public) wells within the
irrigated areas (see Fiqures 1 and 2) play
a duel role by augmenting the quantity,
reach and timning of surface water
deliveries, while at the same time nxlucing
or even eliminating the nexd for additional
subsurface drainage.

he agricultural  chaain is vhere the
scheme's main  productive value s
generated. To optimize production, &
camplex set of production and institutional
imputs  (such os  secds, fertilizer and
chanicals, irrigation and crop  hushandry
knowhow, various other techroliogies,
irrigation and cultural ejuipment, labor,
energy and managenent) in addition to water
must. be available and brought together in
an effective and timely way. For large
schames  serving rumercus srall  irrigated
farms, this 15 no easy task as it requires
corsultation and cooperation within  and
between many  farmers as well as  with
various public and/or private agencies.
These agencies must also consult and
cooperate with oxh orher as well. In
addition to the departments representing
irrigation, research, production and
extersion, other departments or enteiprises
such as those associated with rural
development, groundwater development,
electric supply, tramsportation, marketing
amt retail fanmn supply should also be
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included. Command area development
agencies made up of professionals repre-
senting the irrigation and various other
departments have been trial as one nears of
obtaining some of the neaded interagency
cooperaticn.  MWater user qroups of various
confiqurations are often pramted as a
means of institutionalizing faner coopera-
tion for maintaining and mmneging the lower
reaches of the water supply systan (within
the UCAs) as well as for acquirimg other
needed farm inputs, information and
services.

Management in Domain Overlaps

In Figure 1 (which depicts a large
irrigation scheme) the domain cf the water
supply system is oserlapped by both the
watershed arnd the agricultural domains.
Synbolically, the principal areas of
overlap are depicted by the shaded areas;
but the watershed may actually overlap the
entire irrigation systen. Furthemore, the
agricultural domain nay overlap the entire
water supply system especially where
puping fran the corveyance systens is
allowed, Two important happenings may take
place in the watershed overlap: surface
drainage and side inflaws fran the water-
shed may directly affect the water quality
and quantity as well es the safety and
silting of the reservoir, dam spillway and
delivery system; and animal or human
activities may encroach upon and damage the
above works.

Managing irrigation system operations
requires a decision followed by an execu-
tion phase. The decision as to how much
and where to allocate the water armd when to
deliver it must be mde first. This is
essentially a bottom (or famm) up process
hecause the ohjective is to satisfy crop
water requirements and equity issues. The
execut ion phase requires manaqing the flows
thraighout *he irrigation svstam fran the
top (capture) all the way down to the
plants roots, because water flows down-
hilt, In other words, for mneging an



irrigation systan, deciding what to do is a
botton to top process; deciding how to do
it involves  scheduling flows and qate
settings  simultdancousty  throughout;  hut
doing It beqins at the ton.  This bidirec-
tional process moquires coliaboration and
cooeration tetween  the fanmers and  the
agency mnaaing  irrigation systosi opera-
Liors in onler to ape. the neads of  the
acricuitiral demain,

e overlap of the water supply <ystan
with the agricultural damain s canplex
because it s here the managers attemt to
equitably allocate and distribute the water
ant satisty the individual and collective
requirements of the users.  Within large
systans (see Figures 1 and 2) serving many
small fam wnits, the canmumication and
responsivencss  neaded  betweed the  indi-
vidual fanmers and the irrigation agency to
accanplish this is quite difficult and/or
axpensive. Therefore, the development of
water user qroups or associations in each
UCA 1s encouraged.  They provide an inter-
mediate or middle management  systen o
water can he  discharged  (through the
controlled outlets of the water supply
systan) to each UCA (rather than to the
individual  farmers) and the water user
groups can allocate it amng thanselves (to
their individual fields). For water user
graips to be successful, the water alloca-
tions should be based on a share systam
which is accepted as being equitable by the
fammers as well as by the bureaucracy.
Furthermere, wless there is significant
cammunity accord amd cooperation, the water
share system must also be based on rather
rigid rules with explicit water rights
backed by some authority (or law) with
enforcament powers.

System Size and Complexity

Large-scale water resources such as
major rivers usually require comstructing
large irriyziion systems to fully develop
them, Pacause of their size and technical
camplexity, the resulting large water
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supply systaems must be managed by a public
or private agency to serve the farmer
clients. Furthenmre, since water is such
a vagramt elerent, keeping track and con-
trolliny it fran the head to the many and
varial* tail reaches of a large water
supply systam is a difficult task. This is
particularly true where project development
objectives call for stretching a limited
water supply to only partially irrigate a
lame sot of famns in an equitable and
effect ive manner.

I have found it useful to think of the
managerent.  function of delivering water
uniformly o each famn in the irrigated
canmand area like stretching a mewbrane
over the area. Thus, I imagine that the
more 'mited the water supply is in rela-
tion to the potential on-fam requirements
(or demand), the greater the tension will
be in the menbrane. Holding the tension
necessary to keep the membrane wuniformly
stretched across the various and diverse
societal groups usually involved is not
easy. It requires: a workable operational
plan; capable and disciplined administra-
tion of it; and careful design, construc-
tion, and maintenance of the water supply
systam. Finding these structural elements
and institutional capabiliti=s in cambina-
tion is rare indead. Thus, the performance
of large irrigation schams is often dis-
appointing even where the fanmers have the
incentive and capacity to properly irrigate
their fields and all the cther necessary
agricultural imputs are available.

When the  physical  system and/or  its
management are not <sufficient to stretch
the water over the full length and breadth
of the water supply network, the tension
relaxes and the water ends up in globs,
usually in the head reaches. (verwatering
and/or growing crops with high water

*There is a head (or inlet) and a tail

(or temminal ) end for each hydraulic level,
i.e., main, seconary and tertiary, of a

canal system.



requirerents becane standard where water
supplies are ample; but this is done at the
experse of shortages in main, secondary,
tertiary and fanm channel tail reaches*
where vater may seldon flow. Fortunatel Y,
supplying  siall irrigation systans  fran
wells (see Figures 1 and 2) or fron draims
within (or adjacent to) large irrigation
conmand areas somewhat mitigates the above
inequities, although such conjurctive use
is usually not part of the original
planning but an afterthought.,

In view of the abeve, it is not
surprising that irrigation professicnals
have been nore favorably impressed by the
performance of smll- as campared to large-
scale gravity flow irrigation systams. The
better performance results fran: the
reduced institutional complexity; the uso
of more ‘local human ard physical resourcss
(inctead of external resources); and the
greater social cohesiveness associated with
managing small systems, Looking at Figure
11t is easy to visualize that if the water
supply systen is shrunk far enough it will
all erd up in the acricultural damain.
Shrink it still further and it will end up
as a few outlets serving a relatively smll
group of famers. Such small-scale systams
have traditionally been built, maintained,
and operated by groups of famers using
leaal resources and techniques where there
is a suitahle source of water.

Ultimately, if the systam is sheunk far
enough it will end up a a very smll
system in the damain of a single fanner (or
only a few farmers®, and much, if not most
of the institutional and social camplexity
of mnaging large gravity irrigation
systems vanishes. Unfortunately, many
smail-scale systems and most very gmll
irrigation systems require lifting water
fran wells or surface sources. The 1ifting
devices and fwel requirad to aperate them
(except in the case of hand-lifting) adds
considerably to the camplexity and out-of-
packet expense of aperation. Furthemmore,
serving the energy, repair and maintenance
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requiranents of many small lifting devices
may also require a camplex network, such as
an electric grid or liquid fuel delivery
systen and engine repair services.  In
addition, wnlike qravity flow systems,
irrigation systans relying on putps require
disciplinad systematic maintenance with an
almost continuous flow of fuel and ather
cash inputs for uninterrupted operation.

Where there are many smll-scale or very
small irrigation systans operating fran a
camon ajuifer or surface source, the
collective set of systems along with the
watershed and agricultural domains may make
up an "irrigation schame." Such an irri-
qation scheme may he theoretically more
canplex to manage than one encanpassing a
single large irrigation system. But, we
favor sets of smller systems because of

the vitality afforded by having many
management units which are relatively
indeperdent  of outside influence and

perhaps are even controlled by the fammers
themselves. In fact, this arqument has led
to an interesting suggestion for improving
the performance of schames relying on large
water supply systems. That 1is, to
implemert and manage the large-scale system
in such a way that it becames a predictable
and reliable source ot water for a set of
independent small-scale subsystans.

The lesson fram the above is: use sets
of the smallest econamically viable irriga-
tion systems which zre collectively capable
of adequately exploiting the available
water resources. One important exception
to the lesson is: when econanically
feasible, use a larger irrigation system
which depends on gravity flow in place of a
group of smaller irrigation systems which

require putping.

*There is a head (or inlet) and a tail
(or temminal) end for each hydraulic level,
i.e., main, secondary and tertiary, of a
canal system.
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MANAGING LARGE-SCALE
CANAL IRRIGATION SYSTEMS*

Typically, the principal overall manage-
ment objective of an irrication system is
to provide timely irrigations to maintain
optimum crop product ion consistent with the
nor-manageable comstraints. (The overall
management involves the bureaucracy, the
fanmer organizations and tte famers.)

Physical Structures

Al canal systems follow the same
general hierarchical tree-like structure
(see Figure 3). The principal differences

of configuration amcng systems are:

+ Size: There are mre hierarchical
levels in large systems;

* Canal infrastructure: Generally, the
length of fanm distribution channels

per unit area served increases as the
size of fields decreases (except in
the case of paddy-to-paddy distribu-

tion); and
* Requlation and  control  structures:
These are influenced nore by the

vertical hydraulic dimensions than by
the plan (or horizontal) dimensions.

*Note: Much of the material in this

section is based on Reference (5).
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Paddy and Upland Systens: A main sub-
division can be made bPetween systams
serving paddy (rice) and systans serving
upland crops.  There are larje differences
between the water delivery and application
strategies or techniques which are
appropriate for flooded paddies and those
appropriate for upland craos. With flooded
irrigation it is possible and practical to
use some field-to-field irrigation between
paddy ficlds as part of the conveyance
system.  Water may be allowed to flow fran
paddy-to-paddy without materially ef fect ing
the area of land that can be kept continu-
ously flooded. It is only during pre-
wetting and when the water supply is
limited and paddies are allowed to dry out
between irrigations that management
difficulties arise fran usiny paddy-to-
paddy water delivery.

Ancther attribute of paddies is that
precise land leveling 1is less important
than for hasin or other surface irrigation
methods. This 1is because it 1is not
importamt to maintain a wifonn depth of
water in a paddy as long as it is kept
fully flooded. Furthenmore, where cortinu-
ous flooding is practiced, scheduling paddy
irrigation is relatively simple. The
paddies only need to bhe kept flooded,
canpersating for losses to evapotranspira-

tion am deep percolation. Scheduling
irrigations for wupland crops is more
complicated because dhanging soil water

holding and root depth characteristics must
be taken into account along with charging
crop water requiranents,

With upland creps, it is obviously
impossible or impractical to use field-to-
field delivery systems. Thus, more
tertiary canals and field channels or cther
conveyance mears are needed. Managing the
farm distribution and field applicaticn
systans (see Figure 3) along with irriga-
tion scheduling is where the notions of
"“fann water managament” became critical.

System Components: A cormer of a large-
scale irrigation systen is shown in Figure
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2. The water supply systam begins with the
diversion weir on the river which diverts
water through the healqate into the primary
canal. Control  structures along the
primary canal divert part of the water into
the secomdary canals (or tulk distribution
systan).  These in turn distribute vater
through controlled outlets to  tertiary
canals provided with turnouts to distribute
1t to a goup of fields. As mentionad
earlier, the area served fran an oautlet is
often referred to as a it command area

(UCA).  The uppenmost UCA requires a lift
putp which supplies water to a smll
channel along its upper ede. [t @n

function samewhat independently fran the
rest of the water suppiy system, ard thus
might be thought of as a small-scale systam
apperded to the main systen.  While it is
not desirable to have a UCA served by
gravity directly fran the primary canal,
this is the oniy practical possibility for
serving the small triangular UCA near the
heaigate (see Figure 2). Outlets alomg the
secondary canals fonn a more orderly part
of the layout.

In addition to deliveries fran the main
water supply system, a rmumber of wells
scattered throughout plus small 1ift pumps
which take water directly fran the river
and smll diversion weirs on the draims
also supply irrigation water to the canmard
area. The small diversion weir (on the
upper drain in Figure 2) ami canal could
function as a commnity-operated smll-
scale irrigation system. Its water supply,
while dependent on drainage fram the main
water supply system, is not controlled by
the main system managers. The wells
scattered throughout the UCAs and the smll
river 11ft pumps are most apt to be under
individual or collective private ownership
and control, ard thus are also independ-
ertly managed.

Because of topographic considerations,
it is not possible tc have all the UCAs
more or less the same size. For example,
the largest UCA, which is shown camplete
with tertiary channels and field houndaries



(in the lower right cormer of Fiqure ?)
covers three or four times as much area as
the smallest UCA shown. Thus, the quantity
of water deliverad to each UCA must he
adjusted accondingly.

Figure 2 <iows  a  pictorial  sketch
depicting the wvarious levels of channels
serving a larye-scale irrigation systen.
The purpose  of presenting the pictorial
sketches in Fiqures 2 and 3 and the above
discussion is to point out the rich
diversity of physical layouts of gravity
irrigation systams anl a comon set of
nanenclature. Of particular interest are:
the different ways which UCAs are serviced
fran the main water supply system; the
variations 1in sizes of WAs ani in the
fields within them; the fact that
topograply and drainage considerations play
an important role in the irrigation
systam's structure; and the intemmix of
independently operated small systems
relying on conjunctive use fran wells and
drains to augrent the main systan.

Hydraulic Levels: In a large-scale
irrigation system there are six distinct
hydraulic levels as depicted in Fiqures 2
and 3. These are:

0 « A dam, diversicn weir or well field
to capture the irrigation water

supply;
l. Primary canals, whose principal
function is comveying large wolumes

of water;

2. Secordary canals, vhich provide the
bulk distribution of water to the
outlets serving UCAs;

3. Tertiary canais in the UCAs with
turnouts which serve the individual
farms or fields within the UCAs;
and

4. The conveyance and aplication of
irrigation water on the fields for
use by the crops; plus
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X+ An aove and below ground drainage
systam to ramve excess water.

¥hile large-scale systems typically have
all six of these levels, very smll systams

may have only three, amd smll-scale
systans four or five of them (as discussed
previously). For example, irdividual

fields may be supplied directly fran small
wells. In small-scale camwnity irrigation
systens (supplied by smll lift pumps or
gravity diversions), water mey be supplied
directly to the small canals serving a UCA,
or through a small primary/secendary canal
system serving a few UCAs.

Management Entities

[rrigation =nterprises have at one end,
the water supply system mede up of the
hydraulic collection and delivery systems;
and at the other end, the agricultural
danain with individual famers and their
fields and other fam product.ion facilities
(see Figqure 1). In most developing
countries, the organization responsible for
the main water supply system delivers vater
to UCAs not to individual holdings. Thus,
there is a middle zone of collective
responsibility for dealing with water
distribution within the UCAs.

The following four basic management
entities (see block--lower right of Figure
2) my potentially be involved in managing
large-scale irrigation systems:

*+ The public or private agency respon-
sible for the main water supply
systan. (This represents that portion
of irrigation management which is
basically detached fran the agricul-
tural damain;)

* Sets of UCA water user associations;

* Fonnal or infonmal UCA water user
associations or canmnity management
groups; and

« Individual fammers.



Obviously, all systams must have individual
fanners.  On larger-scale systans there is
usually an agency involved and, even if the
fanrers are not organized into fonmal asso-
ciations or qroups, in one way or ancther
they must work toqether.

Water User Oraanizations: It is often
consideral desirable to have a furmal water
user association for each UCA.  The organi-
zational process is typically hased on sane
sort of enabling legislation. Through
field research studies and demons trations,
Uphoff (6) developed a workable procedure
or nodel for organiziny fanmers, but it
cannot be duplicated or copied in the "copy
machine" sense.  Same generally overlooked

criteria in his mdel for developing
successful water user orqganizations
include:

* tmploying special outside professional
organizers to assist with the organ-
izing process;

* Selecting a representative by con-

sensus nf the famers in each UCA ard
keeping politics out, as political
posturing tends to create conflict
which emds up wdernining the water
user organizations;

* Tying the organizing procass to the
development or improvarent of physical
works to serve as a catalyst for
organizing the fammers: and

* Setting up the organization during the
construction phase of new systems, or
as an integrated part of the rehabili-
tation process of old systens.

For larger iriigition systems he found
it useful to amlgamate the water user
associations into sets of UCA associations
to assist in managament activities related
to the bulk distribution of water at
hydraulic levels of the system above the
UCAs (see Figure 3). Such sets of UCA
associations are typically made up of
elected representatives fram each UCA water
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user association amd make their decisions
democratically,

Hydraulic Levels and Managament

The activities relatel to irrigation
systan minagamrt can he broken or divided
into those relatad to the operation of the
systen amd those related to the structural
elements of the systan (see "Activities"
block--left bottom of Fiqure 2). At any
given point in time, the real tine manage-
ment of flows involves operating the systam
in whatever structural configuration and
state of repair it happens to he in. The
hydraulic Tevels described earlier have
different management entities associated
with them. towever, the various management
entities do not necessarily nead to have
the same operational amd structural (or
maintenanca) responsibilities for each of
the hydraulic Tevels.

Operational Activities: The principal
operational activities are: management of
allocations, which is the decision portion
of the management activity:; and mnagement
of flows to satisfy the allocations, which
is the execution activity. The configura-
tions of the management entities dealing
with allocations and fiows may differ. For
example, famer qroups may decide on allo-
cations and agency personnel regulate the
flows.

The management of allocations is either
fomally or informally based on a share
systam. The share system involves bath the
basis for the right to water and an assess-
ment of the obligations associated with it.
The three basic types of shares as outlined
by Freeman (6) are:

* Shares by fixed percentage based on
land area, flow rate and delivery
time;

* Shares by priority hased on location
(e.g., head to tail), fam attribute
(e.g., time of settlement) and crop
(e.q., econanic value): and



- Shares by dedicated rights or user
demand fran surface storage, drain
flows or groundwater storage.

It is possible to cambine share types by:

+ Constraining one Ly another (e.q.,
volume constrained hy crop
priorities);

* fmploying  two  types  simultaneously
(e.g., time rotation supplemented by
higher-priced demand water); and

season (e.g.,
shifted during
shares by crop

* Chenge types within

shares by volume
drought period to
priorities).

Once the decision has been made in absolute
tenns, or by default, the next operational
step is the managament of flows of water to
best satisfy the allocation decisions.

To mnage the flows 1in the larger
portions of Targe-scale water supply
systans (above ten ausecs, or 300 1ps),
dynamic (or continuous) requlation of flows
is preferrel.  Dynamic requlation means
manipulating the canal control structures
in such a ranner that tie flows and/or
water levels in the secordary canals (see
Figure ?) are nearly comstant.  Dynamic
requlation is only important in the upper
portions of large delivery systams in which
the lag times between when the water enters
the systan and reaches the distal points is
rather long (over 6 hours). Without
dynamic regulation, the water elevations
(Tevels) in the secordary canals contiru-
ously change, and consequently, the flows
(or bulk distribution) through the canal
outlets serving the UCAs will vary consid-
erably. Thus, the quantity of water
supplied to the UCAs is not predictable (or
deperdable) which, in tum, reluces the
value of the vater to the fanmers, and
their willingness or desire to pay for it
and use 1t efficiently.

In the portions of the systan where
flows are relatively smll and the lag time
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is short, periodic regulation using on-of f
gate settings is most appropriate.
Periodic regulation does not imply tkat
relatively frequent qate changes are not
made, but rather that fixed gate settings
are used and typically the gates are either
fully open or canpletely closad.

Structural Activities: Thwe structural
management  activities are outlinad in the
lower left-hand corner of Fiqure 2.
Management of onstruction and maintenance
rajuires a decision (or planning) phases
followed by the actual execution of the
work invoived.  The management entities
responsible for each operation or struc-
tural activity in both the decision ard
execution modes can and probably should
differ deperding on the local ciram-
stances. Through research activities led
by Walker (6), opowerful canputer models
have been developed to improve main syscem
managemeit . khile this new hydraulic
modeling research is directed at opera-
tioral activities, the models and insights
gained fran their gpplication should be
useful in designing both new and rehabili-
tating old water supply systems for ease of
operation and better management of
allocations and lows.

Interface Zone: An "“interface zone" is
depicted in the "Hydraulic Levels" block at
the bottam of Figure 2. This is where the
damain of the water supply system ard the
agricultural domain overlap in Figure 1.
In this zone the dirferent managament
ertities are responsible for ard interact
in various ways while carrying out the
various structural and operational
activities. The interface is that "middle
management zone" between the individual
users (irrigators) and the bulk distributor
(irrigation agency) of water. The question
is, Will this be a battle zone with efforts
being made by the agercy to control franm
above, or a collaborative zone supported
fran below by the irrigators in which
negotiations are made to mitigate conflicts
arising fran adjusting demands in view of
estimated supplies?




Findings to date suggest that rehabili-
tation of poorly merfonning irrigation
systems is not simply a matter of recon-
structing physical facilities to hamle
water deliveries nore effectively. It is
also a matter of exanining dofects in the
managament. activities in the interface zone
te detemnine vhy the water could not b
deliveral in sifficiently controllable ways

SO as to earn the full support of the
irrigators. It @pears that an essential
part of lame-scale irrigation systen

management will require bui'ding improved
organizational  arrangements linking the
individual irrigaters and the managers of
the vater supply systen.

Managenent Intensities:  There is con-
siderable interest” 1n management intensity
as it relates to irrigation systam rerfor-
mance, Increasing management intersity
means both hardware inputs (such as Tining
channe’s, oxtending canals, augrenting
surface water supplics with groundwater,
improving control and  measurement
structures, etc.), and software irputs
(such as organizing farmers, using
canputer-aided dynamic canal regulation,
training to improve mnagement <kills,
nproving  cammmications, etc.).  Studies
have been conductat! on managament intens ity
bv Barker (6), but the results to date, in
tems of cost-effectivencss, are varied.
Thus, ratrer site specific analysis on a
case by case hasis is still required to
detemine the relative value of various
managerent intervent ions.

CONCLUDING (OMYENTS

[ think of the principal purpose of
irrigation development as bring to increase
the freadan of choice for {or well-being
of) the cammnity of users and cther bene-
ficiaries directly servad by an irrigation
scham.  For successful development this
must  te  done without jecoardizing the
freadan of choice for the larger camunity
of which the scheme is only a part.
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We should plan projects that satisfy the
policy objectives and @als based on
designs that are realistic in tems of
resources and  other  constraints. The
eryjineers and acronomists usually do quite
well at designing projects s they are
functional in a physical semse. They adapt
them to the physical resources and
constraints.  But, for the most part, we
(collectively) do wery poorly at designing
manageable  systams for the agencies amd
users who must live with tre schames aid
make then work, Even after rehabilitation
a schame may still have little chance of
being successfully operated imless adequate
attention has been given to the physical,
behavioral and econaonic contexts.

In general, @od management s the
business of doing what is wanted (by bath
the direct beneficiaries and larger
camunity) ir the best manner possible with
the resources available. Irrigation systen
or scheme managament starts by under-
starding the purpose, then ramking amd
defining the necessary objectives. Next,
it delineates procedures to achieve the
objectives and monitors selected perfor-
mance parameters to detennine vhether the
ohjectives are in fact heing achieved., If
they are, the system or schame is assumed
to be well mnaged, if not, appropriate
correct ions should be made.

Looking closely at those parts or
aspects of an irrigation enterprise that
appear to be working well is very important
when searching for ways to improve schame
perfonnance. This is because what is being
done well is probably vhat people are
contented in doing. Fran my observations,
studying what is being dene well provides
ingights about the values which the people
involved are responsive to in the physical,
econanic and cultural enviromment where the
scheme is situated.

The idea of focusing on what is right
ard identifying positive opportunities for
improving performance when analyzing



Table 1.

R e

OPPORTUNITY ANALYSIS
(a management fexperts approach)

Is right, i.e., opportunit
coa pesitive approach.

1. Focuses on owhat
identifioatinn

2L Assumes, what 1 hanpening rs o rationgl with
an understandable ccoloagqical Zhehavioral/

economic context,

3. Tries to understand the contoext withir whi
the whole system 15 functioning and hew Lo
mprove b,

4. Searches for strengths or what is workable
and hence wanted by examining what is
working and successful.

Appreciates local values that are needed
to have locally acceptable development.

6. Takes a perfcrmance view, i.e., coach tu
improve performance.

7. Need/resu'c oriented, i.e,, searches for
most cost-effective changes or assistance.

interdisciplinary action.

9. Falls within domain of consuitation.

y

in

ch

8. Requires an integrated framework leading to

1.

. Assumes

. searches

Alternate Analytical Approaches for Finding Ways to Improve lrrigation Performance.

DIAGNOSTIC ANALYSIS

. [ (a clinical/specialists approach)

Focuses on what s wrong, i.e., problem
ident1fication--a negative approacn.

for problems based on
is right,

amd Lenty
disciplinary perspective ot what
expected or desired.

Iries to determine the priority constraints/
problems or what is wrong with the system
and how to fix it,

for weshnecses or what has failed
or is not working according tc standards of
the disciplines.

Imposes preconceived values as solutions
and triec to enlist 1ocal support.

. Tekes a clinical (sickness) view, i.e.,

physician to heal patient.

Sunply/method oriented, i.e., searches for
opportunities to supply remedies for
perceived constiaints.,

. Requires a set of disciplinary frameworks

leading to multidisciplinary action.

. Falls within domain of prescription.

* This could also be referred to as an ecological/behavioral approach.

irrigation schams is inherently overlooked
by diagnostic approaches. By their nature,
diagnostic analysis approaches concentrate
on identifying problems. 1 have found it
most productive to follow a posicive or
opportunity analysis approach when
analyzing irrigation schemes. A camparisen
between the cpportunity ard the typical
diagnostic analyses approaches is presented
in Table 1.

Carrying out the two approaches is
similar i temns of tean nmake-up and
reconnaissance activities, but they deviate
significantly as  opportunity analysis
follows an ecological/behavioral rather
than a clinica! approach to the analysis.
Working with available resources to @t
more cffective and efficient perfonmince
tovard an accepted purpose or goal s where
our creative qnius gts  testal. For
enginears, an opportunity analysis requires
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focusing on opportunities for cost-
effective changes that will improve overall
schame perfonmance; whereas, a diagnostic
analysis terds to focus problems or
fixing what @pears to be brcken or not
functioning.

on

e

Often the words system, scheme, project
and erterprise are used interchangeably
vhen referring to irrigation, but 1 find
this confusing when communicating about
irrigation development., This confusion
exterds to the management arena ard 1
believe this is an important factor leading
to poor irrigation performance. That s
why [ have endeavored to provide a ciearer
conceptual  framework  for thinking and
canunicating sbout irrigation maagancnt.

In my view, the three pictorial sketches
which have been presented are of primary
importance.  Figure 1 was presernted to help
in conceptualizing:



» That the irrigation works (which make
up the irrigation system) are only a
part of an irrigation scheme;

* The vatershed, witer supply systan and
agricultural domains of an irrigation
schame;

* The inputs, outputs and effects
relative to an irrigation schawe; and

* The dependency of irrigation schames
on the lamer tumn  ard  natural
acosystans of which they are a part.

Figures 2 ard 3 which ckpict portions of
large-scale qgravity irrigation systems were
presented:

* To depict the rich diversity of their
physical layouts:

* To outline the potential hydraulic
levels and managament entities and
activities or irrigation systems in
general ; and

* 1o provide a cowpn set of namen-
clature for thanm.

An individual large (or sets of smaller)
irrigation systamn(s) has been defined as
serving or supplying an irrigation scheme.
The irrigation system includes the water
capture, conveyance, distribution, applica-
tion and drainage works; thus, managing the
system involves manayirg these works or
facilities. Managirg tic irrigation scheme
involves a broader view, for it includes
managing the watershed and the entire set
of other activities related to the irri-
gated agricultural enterprise as well as
the irrigation system (see Figure 1).

Unlike industrial systans or utilities,
irrigation schemes and the irrigation
systems serving them should be nanaged fram
the bottom upvand, as well as fran the top
toward the bottom. This s necessary
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because the very act of irrigation requires
fanmers to he entreprenairs and take risks.
Fanners are nat anplayees on the “payroll"
but must awbie their time, capital, and
talents in the real present, in hopes of
accruing future benefits from the crops
they produce.  Because of this, a purely
top—down managrement systan is not general ly
effective, since the agency ard its
amployees are not fully infonmed of fanmer
neads and do not take the risks.

To achieve the hoped-for results of
irrigation development requir~s some alter-
ation of the viewoints and knowledge
levels of everyone concerned. This
includes the national politicians, the
financiers, the pldanners, the dasigners,
the contractors, the managers, the local
politiciare, the research and extension
services, the ajro-business suppliers, the
Tamers, the marketing people, and, perhaps
most important of all, we professionals,
who are involved in technology tramsfer and
the irrigation development program. Hope-
fully, the concepts and isuai frameworks
presented  herein will help sharpen the
focus on improving irrigation performance
worl dwide.


http:nurket.iR

[

. Clyma, W.

. Keller, J.

. Keller, J. amd D.F. Peterson.

SOME SELECTED LITCRATURE

Chabers, R, 1985. Fammers Above the
Outlet: lIrriqators and Canal Manage-
ment in South Asia. Typescript, Insti-
tute of Development Studies, thiv. of
Brighton, Sussex, Unitead Kingdan,

ant S, Stritharan. 1944,
Planning, Design, and Operational Plan
for Management of Irrigation Prajects.

Mimeo,  Water  Management  Synthesis
Praject, Fort Collins, Colorado.

. Cowand, LW 1983. Property  in
Action:  Alternatives for Irrigation
Investment.  Paper preparal for work-
shop on Hater Managesent and Policy,
Khon Faen lniversity, Khon Kaen,
Thailand.

. Kathpalia, G.N. ani V. Prakash. 1982.

On-Farm Developnent in the Canmands of
[rrigation Projects. ICID Bulletin,
January 31(?):45-49, 19,

1986, Irrigation Systarws
Management, In Irrigation in Discipli-
nary Countries:  Current Issues and
fpproaches, adited hy K.C.  Nobe amd
R.K. Sampath. Westview Press, Boulder
am London.

. Keller, J., R. Barker, D. Freamn, N.
Uphoff, W.R. Walker. 1583. Irrigation
System Management : A Synthesis of

Water Management Synthesis [l Praject
Studies.  W." Report 90. SAID-funded
WMS 1T Praject, uwah State University,
Logan, UT.

1586.
Exploration of Canal Systems:  Struc-
ture, Management ard Evoiution.
Symposium on Irrigation, Its Role in
Intermational Development--Benefits and
Problems. fn. Assn. for the Adv. of
Science, Annual Meeting, Philadelphia,
May 29, 1936.

21

8.

10.

11.

12.

13.

14.

. Lenton, R.L.

LeBaron, A.D. 19%i. Sccio-Econamic
Considerations in Irrigation De:velop-
ment.  Study Paper 94-3.  Cconamics
Department., Utah State Iniver.ity,
Logan, Utah.

1986.  Accanplishment 5.
Problems ani Nature of Irrigation in
International Development.  Swiposiun
on Irrigation, Its Role in Inler-
national  Development--Benefits  and
Problems. /m. Assn. for the Adv. of
Science, Annual Meeting, Philadelphia,
May 29, 1986.

Lowdermilk, M.K. 1981. Social and
Organizational Aspects of Irrigation
Systans.  lLecture for the Diagnostic
Analysis Workshop, Water Management
Synthesis  Praject, Colorado State
University, Ft. Collins, Colorado.

1984,  Systems amd
Irrigation

Peterson, D.F.
Technology  for  Improved
Water Management.  Agricultural and
Irrigation Training Workshop.  U.S.
Agency for International Development.
June 18-22, Washington, D.C.

Rao, P.S. amd T.H. Wickham.  1986.
International Perspective on Irrigation
Management.  Saminar on Water Manage-
ment organized by the Indian National
Science Academy and ICRISAT, New Delhi,
April 1986.

Reddy, J.M.  1986. Managarent of
Gravity Flow Irrigation Systen. In
Irrigation in Disciplinary Countries:
Current Issues and Approaches, edited
by K.C. Nobe ani R.K Sampath. Hestviav
Press, Boulder and London.

Wade, R. and R. Chamers. 1980.
Managing the Main Svstan: Canal
Irrigation Blind Spot.  Econamic ard

Political Weekly, 15:A107-Al12.


http:Managc,(j.rt

