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IRRIGATION SCHEMAE 4TERJ 4I 

3by Jack Kel ler 2, 

.The purpose of this paper is to present WATER MA\AGE,1ENT
sai useful conceptual/visual frameworks
for thinking and coanunicating about -the Lowdennilk (10) defines irrigation watermanagement of irrigation systems and the management as "the process by which waterschenes they serve. Assufling the objective is manipulated (controlled) and used in theof irrigation developiint is to improve production of food aryl fiber...(It) is nothuman well-being, addressing water manage- water resources, dams, or reservoirs toMent at the irrigation schcir level is capture water; nor codes, laws, or institu­thought provoking. It begs the following tions to allocate water; nor fanmers organ­questions: what are irrigation schemes and izations; nor soils or croppirj systems.their objectives; whaL is water managenent It is, however, the way these skills andand the objectives of it; how can we best plysical , biological, chenical, and socialcamuicate and think about irrigation resources are utilized for improved foodmanagement within and between the disci- and fiber production."


pline areas involved; and would using the

word "systen" instead of "scheme" make any Quoting fran Lenton (9):
diffe rence? "Improved irrigation performance


I will give answers to these questions. depends on the management, not only

The answers and the rest of the material of water, but of irrigation systens

which follow are an effort to articulate my as a Wole, includirg management of

thoughts on these matters as clearly as I (fa o and 
 theeh o inorri
 
can at the monent. Wiat is in my mind, in (faners and thoseno work in irri­
turn, results fron neditating on rry field gation organizations); and of oter

experiences, in view of the words fran many inputs besides voter. In essence,
professional colleagues. While I value the anagemert of these elemnts 
their written literature cearly, my many revolves around water and its
 
stimulating discussions with professional control."
 
friends have beer 
even more valuable. 

The renarks hich follow are organized 1This paper represets the author's
into three topical areas: the context of interpretation of some of the pertinent
water management; an overview of irrigation "lessons leared" between 1979 and the 
systems and the schenes they serve; and present, through USAID's Water Management
requirenents for managing large-scale irri- Synthesis I and II Projects.
gation systems. The organization of the 2Profcssor, Agricultural and Irrigationmaterial is original and unique, especially Engineering Department, and Project Co­the overvie, section. fbwever, the ind- Director, S II Project, Utah Statevidual thoughts contained in this presenta- University, Logan, UT.
tion have probably all been stated (orally
or in writing) before. The;efore, I will 3Assisted by Allen D. LeBaron, Professorneither attEnpt to justify nor credit all -mritus of Agricultural Econoics, Utahof the statements by citations, however, a SLate University, Logan, LT, and Musa N.list of a few pertinent references is Nimah, Associate Professor of Irrigation,attached. American University of Beirut, Lebanon. 
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"In addition to better water 
control, a set of obje.tives is 
necessary for management. There is 
no managemnt without water control 
and ot Iectives. ManagTent refers 
to the qoeration of the systemi t 
meet the objectives. To check 
whether tle objectives are met or 
not, the systen perfonnance must be 

mnitored and evaluated and a feel­
back control mechanismi cdevised 
meet the project objectives." 

Paraphrasirg frani Peterson (11) who 
poses and ansvA-rs the following ruestion: 
in view of all our advances in and 
knowledge of irrigation technology, Wv -is 
it that irrigation systems and the scheres 
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 schenes to be systmatically 
operated. Water deliveries to fields (A 
not match crop needs; and other production 
inputs such as seeds, pesticides, 
fertilizer, labor aryl technical knohow are 
not available in a timaly fashion. The 
fanan, Wio are responsible for managing 
the crops are nonnally not involved in 
planning and managing the water and other 
input delivery systens. The various 
subsystens making up the scheme with its 
human parts requires multidisciplinary 
diagnosis, study, thought and action. The 
subsystems can only be studied invivo, not 
on experiment stations or by controlled 
experimnts on farms. Diagnosis requires 
an inductive or clinical approach rather 
than the deductive approach of the 
agricultural and physical sciences. These 
are the ideas one hears about the new 
approach cal led water management. 

The term "irrigation system" is 
general ly used too loosely. Itis used to 
mean anything frao a small-scale voter 
supply and application syste to an entire 
agricultural scheroi served by a single
large-scale or multiple 3nll-scale water 
supply system. For clarification I will 

restrict ny use of the term irrigation 
system to the capture, delivery, 
application and rrnoval of v&3ter frcm 
agricultural land. I will use the term 
irrigatioo schemle to refer to tr_ entire 
irritto aricultural production yste 
which an individual or group of irrigation 
system srve plus the associateL!o ter­
shed, inputs and effects of the eriterp-ise. 

I will use the ten irrigation schIIP. 
manageint to wean the management of tne 
watershed and the irrigation systems as a 
whole, plus management of information and 
people, and of the necessary production, 
financial and institutional inputs; the 
term irrigation system performance as a 
measure of an irrigation VstEm's success 
in achieving estalished objectives, often 
defined in terms of overall operational 
efficiency and meeting equitable voter 
delivery schedules in time and space; and 
the term irrigation scheme perfor-uice as a 
measure of the net value of the agricul­
tural production and the net positive
social, econonic and environmental effects 
or benefits derived fran an irrigation 
schafle.
 

Mnaenient Neds 

Irrigation involves both physical works 
and human activity. There is little need 
to discuss the physical irrigation system 
or the fact that human activity, such as 
managemnt and the knowledge and effort to 
irrigate, are essential for success. A 
point that isoften missed, howver, isthe
 
need for conmuication between voter users 
and suppliers so physical dlivery and 
application of water can take place in a 
meaningful way. The management efforts of 
the various people involved and either an 
automatic anticipatory system or a respon­
sive coriunication system are needed to tie 
irrigation scheduling decision-making and 
delivery orocesses together. 

In addition to irrigation, for success­
ful agricultural production, other physical 
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inputs such as seed, fertilizer, and pesti-
cides are required at the irrigation scheme 
level. The delivery of all of the above 
must con together in an optimal mix at the 
individual plant as well as the field level 
in onier t(n achieve high production. For 
production to be maningful and sustain­
able, harvestinl, transportation, storage 
arri mfiarketing are also necessary, 

[xperience has shown that many if not 
most irrigation systms ary the schanis 
they serve have tien designed with little 
regard for the social and political, as 
well as the engineering and agroncmic 
aspects of both the ranagenent of deliver-
ies aid the efficient on-farm use of water. 
Typically, the quality of managenat, quan-
tity and timing of labor, microecenomics, 
other needed dgrononic inputs and marketing 
have received insufficient attention. This 
has resulted in many 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
manaFgemant has the potential of increasing 
water and energy use efficiency by 20 to 50 
percent. By inpro/ing both irrigation 
system and crop managemenrt, crop production 
per unit of water supplied to most irrlga-
tion schees could be at least doubled in 
many developing countries, 


ivnagenant Plan 

Irrigation system or scheme management 
starts by defining purpose and the under-
lying objectives, for there is no manage-
ment without objectives. Next, itdelin-
eates procedures to achieve the objectives 
and monitors selected performance para-
meters to see Wiether the objectives are 
being achieved or not. Ifthe objectives 
are met, then the irrigation zystem or 
scheme is asstrLed to be el 1 managed. 
Otherwise, in 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 systen. In 
addition to having a good manag~nent plan, 
the operating staff needs to be ccinitted 
to the purpose of the undertaking. 

For a n"w irrigation system, one can 
plan, design, and implerment the system fir 
manaQeability. For an existing irrigation 
system, however, the diagnostic approach 
for developing a new managErent plan starts 
with nDnitoring (or analyzing) the system 
performance and conparing 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 rkrfomance are delineated
 
and solutions for irproving it developed. 
The recommended solutions should be 
developed inconsultation with the managers 
and users and first be tested on a pilot 
level before being fully implemented. 
Typical solutions involve mdifications of 
planning, design, construction, operation 
and/or maintenance procedures. 

Farners 'ioare the direct beneficiaries 
of public irrigation systems try to 
maximize their on "net benefits" frcm 
irrigation. They do this by maximizing the 
productivity per unit of land, labor, 
capital or water; whichever is their 
scarcest resource. However, for the more 
favorably situated farmers, water may not 
be the scarcest resource unless it is
 
rationed, alocated, and distributed 
equitably, even if it is in short supply 
elsewiere within the irrigation system. 
Therefore, the favorably situated farmers 
may not be corered about water-use 
efficiency or fair and equitable distribu­
tion of water to other farmers, although 
these are typical operational objectives 
for public irrigation systems. This 
dichotomy between the operational objec­
tives of the public agency and the mre 
favorably situated private beneficiaries is 
the root cause of many problems in managing 
irrigation systems. 
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Irrigation enterprises are not static, 
they are continuously evolving (or

changing). Changes occur to rove the 
system toward equilibrium. The rate of 
change is 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 deterioration relative to mainte-
nance; the develoF rent of the support
institutions anl fanners; and the changes
in econonics, pysical inputs, labor avail-
ability, techniques, technologies ad the 
natural resource base. (These features and 
processes are typical of organisms.) Being
physical enterprises operated and main-
tained by agency personnel ard the farniers 
being served, changes tak- place in an 
ecologically rational manner and in 
accorda;ice with the attractions or incen-

tives arid disciplinary actions relative to 

all the peop! involved. It wul d be 

"ideal" if ve could devise a for
means 
obtaining the desired irrigation scheme 
performance entirely through a positive
approach by creating all the necessary
incentives to stimulate development to meet 
specified objectives. Unfortunately, it is 
difficult to imagine devisirrg such a 
developrent framework, and thus, the need 
for enforceient powers and discipline. 

Saw- areas that are often overlooked in 
planning for better or improved irrigation 
system and/or scheme perfonance are: 

- The need for sufficient camunication 
between the users and suppliers of 
water so that the physical delivery 
and application of water can take
place in a meaningful way; 

.	 The need for visualizing irrigated
agricultural development in an inte-
grated interdisciplinary framework; 

• The need for careful, wAell disciplined 
and -esponsive main system manageient
capable of delivering water in a 
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timely, efficient and equitpble 
manner; 

The fact that irrigation systems with 
low relative vnter supplies require
extensive physical works and diligent 
management to achi,_ve 
distribution and high 

equitable 
water-use 

efficiencies; 

The evolving (or ch.ngin) natu,'e of 
irrigation farnmrs, institutions, 
systems and schees along with the 
need to create an environment thich 
attracts as well as disciplines the 
process toward the desired ends; 

An appreciation for the three pter­
tial mrnagernet levels and related 
physical interfaces of lame irriga­
tion systeTms serving numerous small 
farms Wiich are: the water supply
systr., the farm 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 throigh conjunctive use; and 

•The 	 need for: leaving roan for 
flexibility and change hen dlesigning 
systems; a more interrated study
curriculum for the technicians 
involved in system design and manage­
merit; 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. ftoever, most often the administra­
tors assure or accept assigned objectives 
and use prescribed tedhniques to regulate,
control and distribute (dispense) given 
resources in an effort to achieve the.m 



I 

AN IRRIGATION SYSTEM/SCHE1{ 

OVERVIEW 


As a Leginning point, it apars that 
many irrigation systes and the schemes 
they sen.,e are designed and impl1mented 
without having,, a clear concept of purpose. 

can soo four sir-hdhat different objec-
tives for irrigation develoqpent. These 
are: for cournrcial production; for socio-
political reasons: for- environmental 
reasons; and/or for, gost-ategic reasons. 
A ccaturcial production objective refers to 
an irrigation development Where the- prin-
cipal purpose is to produce food ard fiber 
for markets. A sociopolitical (or social 
berefit) objective generally refers to a 
project viich is principally directed to 
improving the el l-[xin of a rather large
nunber of existing or rr-settled farnmrs 
with small land holdings. By geostrategic,
I refer to prjcects ,ich are initiated as 
political favors or for regional develop-
ment or security reasons. Pn environmental 
objective might he to provide more 
hospitable living conditions or to reduce 
flooding. 

The pdr)ose of most irrigation develop-
rents contain ellernts of more than one 
objectiv , . Thus, the objectives must be 
ranke. and integrated into a structural 
unity and clarified intent to reveal the 
purpose at the onset (rattier than mak'ng
all schenes appear to be crnmercially 
oriented using standard benefit-cost 
analysis). A clear stateTent of purpose is 
important for it provides an essential 
criterion for decision-making (between one 
course of action and another). 

Domains of Irrigation Schemes 

We find it useful to think of an irriga-
tion scheme as having three primary
pysical/manageent dcrnains; namely, the 
watershed duorin, the water supply system 
domain, and the agricultural dbiain. 
Figure I shows a scheratic depicting a 
water supply system -eceiving its wter 

fron the watershed ard delivering it to an 
irrigated fann area. As a reminder that an 
irrigation schene is only a part of the 
larger uman and natural ecosystems, we 
have surrounded it by a three-sided box. 
We have purposely left the watershed end 
open because often much of it lies outside 
of any direct influence of te sche 
managers yet the scheaiu is depe(dent on te 
watershed. 

The water supply systm includes: the 
dam an] reservoir to capture and store 
water; the conveyance, delivery and regu­
lating structures; and the drainage wor<s. 
The water supply system plus the drainage 
and on-farm irrigation works make up the 
irrigation system. The irrigation system
includes the entire water supply system
domain but only prt of the agricuitural
domain and practically none of the water­
shed. Thus, the scope of the irrigation 
system is considerably limited as conpared 
to that of the irrigation scheme of which 
it is the key feature. 

The lack of understanding and/or calnu­
nicating this difference between the system
and scheme perspectives has lead to 
considerable confusion and misrmaraoement of 
resources. Typically, irrigation agencies 
mainly focus on the irrigation water supply
 
system (or, at best, on the entire
 
irrigation system). Since water is not
 
only essential but often the nost 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 input, 
"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 %.1en dealing with ground­
water resources because of the expense and 
inaccuracies associated with groundwater 
surveys. 
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supplied directly fron 
the hydrology right rreans 

first of all correctly anticipating (based 
on probabilities) the available inflow 
water ard silt lodds thrcughout the potan-
tial annual irrigation seasons (for sizing 
the irrigated fann area and anticipating 
silt rrroval requirenents). For schenes 
supplied fran surface reservoirs, it means 
both correctly anticipating (based on 
probabilities) the total expected water-shd 
runoff an silt loads (for sizing the 
reservoir and irrigated farm area); and 
peak flos (for sizing the spillway for dam 
safely purposes). For scheaes supplied 
fran groundvwter reservoirs, it means 
correctly anticipating the expected yield
arri draw )wn of the vkl ls over an extended 
period as viall as during the annual irriga-
tion seasons (for sizir j the irrigated farm 
ana aryl c;Ltmitir ] energy costs). 

In (vidition tf)the Jcve, getting the 
hydrology right also Herans correctly 

"Dsribuion SystemW 
--- r, 
 -	 0#
a Oteots 0 Wellsu
 
7-US
DomainnSyste 

Inputs, Outputs and Effects
 

estimating irrigation water requirements 
(plant water needs less effective rain, see 
Figure 1) for same "reasonable" cropping 
patterns ad expected irrigation systen
performance. Lhfortunately, to satisfy 
standard bencfit-ccrt analysis criteria, 
planners often distort te hydrology by 
overestimating water supplies, irrigation 
systeom efficiencies and crop productivity. 
Furthernore, there is also a terdency to 
select cropping patterns arid operating 
rules '.hich leave too little flexibility 
for 	future change.
 

Along with water, sunshine and the 
atmospheric enviroment, a runter of 
institutional , financial and production
inputs fran sources external to the scheme 
are essential for irrigation scheme 
implentation and success sud as: 

.	 Labor, techniques and technical
 
skills;
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" Infonrnation about crop selection, 
husbandry, protection and management; 

" Managemnent. in all three doanins; 

" Capital ( ony) ani credit; 

" Irrigation syston ar1 fanniinrj ouip-
nent, teclnologien and supplies; 

" Power or fixl (enenjv) to m)erate the 
irrigation systen and fanning 
equipnr~nt; 

" Transportation and commnnunication 
devices; and 


" Other needed infrastrncture. 

Internal Resources 

The faniprs along with their lands 
cmnrded ny the irrigation systens (within
the bojndaries surrounding the water supply 
systen an] agricultural dcmains in Figure 
1) make up tiye priary internal resources 
of an irrigation SChfce. The individual 
and collective capabilities of the farmrs 
and the qility of the lanr greatly affect 
both te Tstation period and the ultimate 
success of irrigation developrnft. 

Potential secondary intenal resources 

include the local institutional structures, 

labor supplies, local sources of capital 
and traditional irrigated agricultural
technologies and tecdniques. Important 
institutional structures (which are often 
overlooked) include: traditional ccarnunity 
rnanaqemnent organizations; local organiza-
tions for coi.runicating and transferring 
information and knowledge; and local 
credit, transportation and marketing 
structures. 


Outputs and Effects 


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

output. Often, much of the irrigated 
production fran gravity-flow systems is 
dependent on water lifted from wells and/or 
drains %4iich in turn are recharged by the 
gravity systofis. This reuse of "lost" 
water is called conjunctive use and it 
should be taken into account in deternining 
benefits. For an irrigation development to 
be an econGnic success, there muJst be ample 
marketable production to recover at least 
part of the capital costs as well as 
recurring and rehabilitation costs of the 
i rrigation systen. 

In addition to production outputs, there 
will be sare outflow water plus same bene­
ficial and sone adverse "social , economic, 
and environmental effects" resulting from 
developing an irrigation scheme (see Figure 
1). The outflow wter resulting fro 
reservoir spills and releases plus channel 
seepage, operational losses ard excess 
irrigation applications may be cood or bad 
depending on its quality (salinity) as well
 
as temporal and spatial quantity. Before 

aking system changes designed to reduce 
water losses from a mature gravity-flow 
systen, the benefits being derived fran 
conjunctive use within the systen ard fran 
outflow waters should be carefully 
considered. 

Figure 1 shows the institutional,
 
financial and production needs for the
 
schene- as inputs fra: the larger human and
 
natural ecosystems of which it is a part. 
The production outputs are deliveries to 
this larger universe. But the social, 
econamic and envirornrital effects of the 
irrigation development are symbolically 
shown as beirig both internal and external
 
tr the scheme by overlapping the three­
sided box surrounding the scheme. Typical 
beneficial social, econanic and environ­
merntal effects of an irrigation development 
might be:
 

Labor benefits;
 

Increased tax returns;
 

SN-, fisneries; 
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" Recreation opportunities; Project Planning, Designand Managenent 
"Reduced flooding and erosion; 

" More stable qr'rundwater any downstreain 
irription water supplies; 

• 	Improved daTmstic water supplies; 

" More rel iable and nutritious food 
supplies, better incne_ distribution 
and improved livirKI standards for irore 
people; 

• 	Increasf-d coamercp and incones inadjacent regions, etc. 

Typical adverse effects miht be: 

" Waterbore. diseases; 

" Health hazards related to chemical 
(such as insecticide) inputs; 

" Displaced famers frar the subhi 'ence 
and canal right-of--way areas; 

" Loss of (dowstrean riparian cnesticand irrigation ater rights; 

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

• 	Destruction of traditional river and 
estuary fisheries; 

" Salt water intrusion in estuaries; 

• Labor shortages in adjacent areas; 

• 	Depressed camrndity prices due to 
excess production; 

• 	Political and social conflict and 
corruption; 

• 	Inequitablle incoe distribution due to 

uneven access to water; 


" Real estate speculation in the cormand 

area, etc. 


The job of (pod irrigation developmnnt
planning, design, and inanagerent requires
minimizing negativeand natural effects to the humanecosystems and unproductive 
i nputs viiile producing sufficient net 
benefits to offset costs. To do this, thevalue of bot h production outputs and 
beneficial effects rust be sufficient to 
offset the monetary and other societal 
costs of both the inputs and adverse 
effects. 

For the atershed dmain, this requires
getting the hydrology right in the first 
place, as discussed earlier. It also 
requires managing the watershed to the 
extent possible to both: maintain its 
performance in oftenns runoff reliability
and sustainabilitV by restricting .develop­
ment of upstreii water consumption; and 
minimize silt loading by encouraging
erosion control andpractices activities 
such as reforestation, managed razing,
conservdtion farming and building erosion 
control structures. 

To effectively manage the water supply 
system, the entire conveyance/ distribution 
(delivery) systen and the discharges fran 
the outlets provided to serve the farm 
units must be predictable. As a first step
following construction, this requires
hydraulic performance testing fran the 
headgate to field turnouteach (see Figure
2). This initial testing is necessary to 
determine the as-built performance and 
pinpoint major design/construction flaws 
needing correction. (Hdraulic performance
testing is the practiceTof niasuring and 
recording flow rates at strategic locations 
throughout the entire system under all 
normal operational mdes.) Thereafter, 
periodic testing is necessary to monitor 
on-line perfonance and determine mainte­
nance and'/or rehabilitation needs. To be 
predictable,, outlets must either be 
controlled (or fixed) flow devices or be
adjustable and provided with same m-ans for 
measuring the discharge flow. For the 
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Figure 2. Pictorial Sketch Showing CoSmon Eervnts 	with an Outline of Managainnt 
Activities, Entities and Hydraulic Levels for a Large-Scale Canal 
Irrigation Systafl. 

smaller outlets along the secondary canals also be constructed within the UCAs to
serving individual o.- groups of fam-emr, 	 convey the irrigation vater to within
control led flow devices are preferable. 	 practical reach of each fann field. (See

the tertiary canals with turncuts serving
To nst effectively serve alI the fields in the large UCA in Figure 2.) To
 

irrigated farms in the agricultural d-iAmin, do this effectively and give all faniers
the water Supply Must he rel iable, access to their share' Of 'mter and a sense
predictable, tinely, and accessible to each of ership and cfinitiynt to the systEn
farA unit. Furtherire, it is usuall yd (espcially the shaare canals within the
intended that the vater he equitably CAs) requires consultation and collabora­
distributed mong all of the farms tion with and hetween the fan Usrs. 
cainrnded the oy Toirrigation systerto 
achieve these lofty gals, the eter supply Getting the ater to faiers fields is 
systrm fron the- he Ivsorks to the control led still1 not enough, for it aust be properly
outlets serving the unit comitnd areas applied (along Wth cthr itrnuts in the
(UCAs), tliich mke up the "tp or upper agricultural danain) to g ecol fully
end" of the irrigation yston, must be wel prouctive. To proerly apply water to the
planned, design , constructed ond mnaged. fields requires having a reasonably god
In addition, prgerly planned art] i-i al physical application systn with sufficient 
tertiary canals d rustand field mannels labor ardr knowiedgable rmnaelnt to 
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operate it. lbwAver, fanrers often lack 
the incentives, resources, time and/or 
knowhow to) conplete ard adequately manage 
this "bottoii or lovwer ern" of the irriga-
tion .systoi. 'o, (von if the irrigation 
water al ivery sys tim works to gerfectiot., 
the irrigation schoi, mi, fail for lack of 
pr(iluict ion unless farwi'xr are prvided with 
or have the nocessar7, t.hnical assistance, 
cryiit ar-i/or incent iv,. 

In arldit ion to Pliveriro, arol a)plyirq 
water, excess surface itfl subsurface Waters 
nust he drainol away to minimize uater-
Iogging an-I salinity. Within larger
irrigation systoins, wter delivery ary] the 
removal of excess water are uskil ly the job 
of the irrigation bureaicracy. Fortunately, 
(both private an public) .ek!I1s within the 
irrigated areas (see Figures 1 ani 2) play 
a duel role by tjqarntinj the quantity, 
reach and t iminq of: surface water 
deliveries, Wile at the sair tim? : lJucir-l 
or even eiiminatirL the neead for additional 
subsurface dr'ainti. 

The agirni is wiere the 
scheme's main product ive val e is 
generatcW. lo q)timize production, a 
conplex set of priluction aed institutional 
im)uts (surE as sec,-, fer4 1izer and 
chemnicals, irrigation ad cr-To husbar-dry 
knowhow, various other techroiogies, 
irrigation arni cultural eluiprent, labor, 
energy and manageornt) in addition to water 
mn!st ih available ani brought together in 
an effective ar-ti timecly ay. For largje 
scheites serving r-unros seal! irrigated 
farms, this is no easy task as it. requires 
consultatioh art cooperation within anj 
between Rnny far-mrs as wll as with 
various public and/or private agencies. 
These agencies must also consult ard 
cooperate with each cher as well. In 
addition to the dpartrints roresenting 
irrigation, research, production and 
exterion, other departmmeTts or enteiprises 
such as those associated with rural 
development, groundwater (evelopment, 
electric supply, transportation, rnarketing 
ard retail fann supply should also Le 

included. Covinand area development 
agencies made ip of professionals repre­
senting the irrigation aRd various other 
de)ar'r~nts have een tried as one nuans of 
obtaining saT) of the needled interagency 
cooxeraticn. Water user qr'(ips of various 
configurations are often l)ruion(xl as a 
moans of inst itut ional izi q fan r coqn.ra­
tion for riiintaining aril uunn'gi :inthe lower 
reaches, of the ,iter supply systen (within 
the IJCAs) as w,,1 as for aXquiring other 
needed fa nn inputs, infonnat ion and 
services. 

MnagQernt in Domin Overlaps 

In Figure 1 (which depicts a large 
irrigation S hlcTe) the danain cf the wter 
supply Systan is o/erlapped by both the 
watershed arnd the agricultural dcnains. 
Syibolical ly, the principal areas of 
overlap are depicted by the shaded areas; 
but the watershed way actually overlap the 
entire irrigation systen. Furtheniore, the 
agricultural darin may overlap the entire 
wuralahin supply pecal ly vierewter systemn 
puiping fran the conveyance systens is 
alloved, Two important happrxrings may take 
place in the watershed overlap: surface 
drainage ar-d side infl,-ws fron the ater­
shed may directly affect the Water quality 
and quantity as wll as the safety ad 
siltir of the reervoir, dam spillway and 
delivery system; arn animal or hurnan 
activities rmky encroach upon ard MTiage the 
above works. 

Managing irrigation systeml operations 
requires a e_,cision followed by an execu­
tion phase. The decision as to how much 
ari where to allocat2 the water and when to 
deliver it must he nude first. This is 
essentially a botto: (or farm,) up process 
because the objective is to satisfy crop 
water rcquireTents art equity issues. The 
execution phase requires managing the flows, 
throughout h irrigation systeri frin the 
top (capture) all the way down to the 
plants roots, because water flows down­
hill, In other wor-ds, for managing an 
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irrigation sycto;, deciding what to do is a 
bottan bo top process; deciding how to do 
it involves schii ing flows and gate 
settings siiuultinoe:v thrcughout; hut 
doiryj it txhqin at the to). Th is hidirec-
tional ,roms m-, ,; col ahoraion atil 
(:rwr-I t ion ! tw,,en the fa n krs and thi 
ag(ency nn,-iji irriltmin ;yston AXera-
tiors in orlc-r h) mo . tW! n-es of tfxe 
a(:rimi ulLnjr n in. 

tw. e - Tpf Ltt Supply-t" syston 
witIh tI a r icu1 tur'l r ntJis coinplex
becauso it is here thi mmanalers attelpt to 
cquit')y al locate ard distribute the water 
(l Satisfy 10Y, irlividual arl collective 
r(djoirovtnts O the users. Within large 
systmns (see Figures 1 and 2) serving many 
sI l1 fanil tinits, the comiruication and 
resrxnsiveness needed between the irdi-
vidual fanvers and the irrigation agency to 
accosplish this is guite difficult and/or 
nxj ive. TRhrefore, thke development of 
water user groups or associations in each 
UCA is encoiraged. They provide an inter-
imkadiate or middle Tnnaeonont systen so 
wat(,r ca-n he dischanjed (through the 
controlled cxilets of the wter supply 
systn) to each UCA (rather than to the 
indlividual farrixrs) arl the water user 
groxps can allocate it ornng theselves (to 
their ialividual fields). For water user 
groups to he successful, tle water alloca-
tions should Le based on a share system
which is accepted as being equitable by the 
fanrers as well as by the bureaucracy. 
Furthermore, unless there is significant 
carninity accord and coqoeration, the water 
share systOT tust also be based on rather 
rigid rules with cxplicit water rights 
backed by same aithority (or law) with 
enforcement powers. 

System Size and Complexity 

Large-scale water resources such as 
major rivers usually ruluire constructing 
lrge irriyion systems to fully develop 
t em. Pxcuse of their size and technical 
conplexity, the resulting large water 

supply systens must e managed by a public 
or private agency to serve the farmer 
clients. Furthenlnore, since water is such 
a vagrant elcsnent, keeping track and con­
trollinj it fron the head to the many ani 
v-riW* tail reaches of a large kcter 
supply systOTI is a difficult task. This is 
particularly tn where project i.velopnent 
ob'ject ives calI for stretching a limited 
water supply to only pirtially irrigate a 
lange set of fanns in an euittle and 
effective Wanner. 

I have found it useful to think of the 
management, function of delivering water 
unifonnly to each fann in the irrigated 
coanrnd area like stretching a rnrbrane 
over the area. Thus, I imagine that the 
more limited the water supply is in rela­
tion to the potential on-fann requirennts 
(or demand), the greater the tension will 
be in the mTtrane. Holding the tension 
necessary to keep the rrebrane unifornly 
stretched across the various ard diverse 
societal grops usually involved is not 
easy. It requires: a workable operational 
plan; capable and disciplined aininistra­
t ion of it; and careful design, construc­
tion, and maintenance of the water supply 
systm. Finding these structural elerents 
and institutional capabiliti'2 in cabiria­
tion is rare indeed. Thus, the performance 
of large irrigation schemes is often dis­
appointing even here the faniers have the 
incentive and capacity to properly irrigate 
their fields and all the ether necessary
 
agricultural inputs are available.
 

When the physical systern and/or its 
managemnt 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. Overwatering 
and/or growing crops with high vater 

*There is a head (or inlet) and a tail 
(or terminal) end for each hydraulic level, 
i.e., main, secory!ary and tertiary, of a 
canal system. 
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requirements Iecane standard W-ere water 
supplies are ample; but this is done at the 
expense of shortages in main, secordary, 
tertiary arxi farm dhannel tail reaches* 
where rater ,may seldon Flow. Fortunately, 
sLppiyirfl SilI irriiition systcns fron 
wel Is (see Figuret; 1 ar] 2) or fron drains 
within (or adjacent to) large irrigation 
cWrmaid areas saor-ewhat mitigates the above 
inequities, al though such contjuncuive use 
i usually
planning hut 

not p rt of 
an afterthought. 

the original 

in view of the above, it is not 
surprising that irrigation professionals
have been inure favorably impressed by the 
performance of nall- as coiipared to larre-
scale gravity flow irrigation systems. l e 
better perfonmance results frm: th 
reduced irsitutional coplexity; the uss 
of more ocal hman ard physical resourcis 
(irrtead of external resources); and the 
greater social cohesiveness associated with 
managing small systems. Looking at Figure
1 it is easy to visualize that if the water 
supply systen is shrunk Far enough it will 
all enrd up in the aqricultural danain. 
Shrink it still further and it will end up 
as a few outlets serving a relatively 31all 
group of fanners. Such smll-scale systems 
have traditionally been built, maintained, 
and operated by groups of farmers using 
local resources and techniques where there
is a suitable source of Ater. 

Ultimately, if the system is shrunk far 
enough it will ery up as a \ery small 
system in the danain of a single fanner (or
only a few faners, ard nuch, if not mst 
of the institutional and social complexity
of managing large gravity irrigation 
systems vanishes. Unfortunately, many 
small-scale systems and mst very small 
irrigation systems require lifting water 
frc, iells or surface sources. The lifting 
devices ard fuel required to operate then
(except in the case of had-lifting) adds 
considerably to the conplexity and out-of-
pocket expense of operation. Furthermore, 
serving the energy, repair ard maintenance 

requirements of any small lifting devices 
may also require a conplex network, such as 
an electric grid or liquid fuel delivery 
systen and engine repair services. In 
addition, ulike gravity flow systems, 
irrigation systans relying on pumis rcquire
disciplined systenatic maintenance with an 
almost continuous flow of fuel and other 
cash inputs for uninterrupted operation. 

4here there are many smal -scale or verysmall irrigation systems operating fron a 
coiTrn aquifer or surface source, the
collective set of systenms along with the 
watershed and agricultural dcmains may make 
up an "irrigation scheir." Such art irri­
gation scheie may he theoretically more 
complex to manage than one enconpassing a 
single large irrigation systen. But, v 
favor sets of snaller system because of 
the vitality afforded by having many 
managerent units hich are relatively
independent of outside influence and 
perhaps are even controlled by the fanners 
themselves. In fact, this argument has led 
to an interesting suggestion for improving
the performance of schemes relying on large
water supply systems. That is, to 
implement and manage the large-scale system
in such a way that it becones a predictable 
ad reliable source ot water for a set of 
independent sall-scale subsystems. 

The lesson frcm the above is: use sets
 
of the smallest econornically viable irriga­
tion systems which are collectively capable

of adequately exploiting the available 
water resources. One important exception 
to the lesson is: when econonically 
feasible, use a larger irrigation .system
which depends on gravity flow in place of a 
group of smller irrigation systems which 
require purrping. 

*There is a head (or inlet) and a tail 
(or terminal) end for each hydraulic level, 
i.e., main, secondary and tertiary, of a 
canal system. 
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Figure 3. The Various Levels of Channels Serving a Large-Scale Canal Irrigation Systen. 

MNAGIN3 LARGE-SCALE • Size: There are mre hierarchical 
CANAL IRRIGATION SYSTEMS* 
 levels in large systens; 

Typically, the principal overall manage-
 • Canal infrastructure: General ly, thenent objective of an irrigation systEn is length of farm distribution channelsto provide tinely irrigations to mintain unit served asper area increases theoptirrum crop production consistent with the size of fields decreases (except innorHnanaeable constraints. (The overal 1 the case of paddy-to-paddy distribu­manageiunt irrvolves the bureaucracy, the tion); and 
farmer organizations and the farmers.) 

Reulation and control structures: 
These are influenced nDre by thePhysical Structures 
 vertical hydraulic dimnsions than by 
the plan (or horizontal) dimensions. 

All canal systens fol Iowi the saie 
general hierarchical tree-like structure 
(see Figure 3). Tlhe principal differences *Note: the in,Much of material this
of configuration awong system are: 
 section is based on Reference (6).
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Paddy and Upland System: A main sub-
division can be made between systems
serving paddy (rice) and systens serving 
uplard crops. There are lanle differences 
between the water delivor-y ard application 
strategies or techniques whiich are 
appropriate for ' aril thoseflohed panddies 
appropriate for upland crops. With floIcai 
irrigation it is possible arri practical to 
use sawe field-to-field irrigation between 
paddy fields as part of the conveyance 
syste. Water may be al l(Ycd to flow fron 
paddy-to-paddy without ma1terially effecting

the area of lard that can be kept continu-
ously flooded. It is only during pre-
wetting and %hen the water supply is 
limited ard paddies are allowed to dry out 
between irrigations that management 
difficulties arise frai using paddy-to-
paddy water delivery. 


Another attribute of paddies is that 
precise lard leveling is less important 
than for basin or other surfaca irrigation 
methods. This is because it is not 
important to raintain a unifonn depth of 
water in a paddy as long as it is kept

fully flooded. Furthenmre, wklere continu-

ous flooding ispracticed, scheduling paddy 

irrigation is relatively siple. The 

paddies only need to he kept flooded, 
canpensating for losses to evapotranspira-
tion and deep percolation. Scheduling 
irrigations for upland crops is more 
conplicated because changing soil water 
holding and root depth characteristics must 

be taken into account along with changing 
crop water requir~nents. 

With uplard crops, it is obviously 
impossible or impractical to use field-to-
field delivery systems. Thus, more 
tertiary canals and field channels or other 
conveyance neans are needed. Managing the 
farm distribution and field application 
systems (see Figure 3) along with irriga­
tion scheduling is Wiere the notions of 
"fann water minagaei)rnt" becoie critical, 

System Components: A comer of a large-
scale irrigation systen is shown in Figure 

2. The water supply systen begins with the 
diversion wir on the river Wiich diverts 
water through the head(yte into the primary 
canal. Control structures along the 
prilary canal divert part of the water' into 
the secordary canals (or, ulIk distribution 
sys ten). These in brn distribute water 
through control led oitlets to tertiary
canals provided with turnouts to distribute 
it to a group of fields. As mentioned 
earlier, the area served fran an outlet is 
often referred to as a unit couTerd area 
(UCA). The uppenTIOst UCA requires a lift 
pump Wich supplies water to a small 
channe1 along its upper edge. It can 
function sanawhat indeperdently fran the 
rest of the water supp'iy system, and thus 
might be thought of as a small-scale system 
appended to the main system. While itis 
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 
headgate (see Figure 2). Outlets along the
 
secondary canals fonn a nrre orderly part 
of the layout.
 

Inaddition to deliveries fron the main 
water supply system, a rumber of wells 
scattered throughout plus small lift pumps
which take vter directly fron the river 
ad small diversion wirs on the drains 
also supply irrigation water to the cuimand 
area. The small diversion weir (on the 
upper drain in Figure 2) and canal could 
fuction as a cammity-operated snall­
scale irrigation system. Its water supply, 
while deperdert on drainage fran the main 
water supply system, is not controlled by

the main system managers. The wlls
 
scattered throughout the UCAs and the small
 
river lift pumps are most apt to be under
 
individual or collective private owership 
and control, and thus are also independ­
ently managed. 

Because of topogrdphic considerations, 
it is not possible tc have all the UCAs 
more or less the sawe size. For example,
the largest UCA, which is shown conplete
with tertiary channels and field boundaries 
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(in the lower right corner of Figure 2) 
covers three or four times as much area as 
the smal lest UCA shown. This, the quantity
of water deliveral to each UCA must he 
adjusted acconlinly, 

Figure Lnvr) a pictorial sketch 
depictiryl tjXe_ vrjious levels of dlannels 
serving a lane-scale irrigation system.
The 	 purpose of presentir- the pictorial 
sketches in Figjures 2 arri 3 arl the ove 
discussion is to point oit the rich 
diversity of piysical layouts of gravity
irrigation systons arrl a corron set of 
naTrenclature. Of particular interest are: 
the 	 different ways 4iich UCAs are serviced 
fran the main water supply system; the 
variations in sizes of LAs aod in the 
fields within them; the fact that 
topograpIhy aril drainage considerations play 
an important role in the irrigation 
systen's structure; ard the intennix of 
independently operated small systems
relying on cojunctive use fran wells and 
drains to augTant the main systen. 

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

0 • A dam, diversion weir or well field 
to 	 capture the irrigation water 
supply; 

1. 	 Primary canals, W-ose principal 
function is conveying large volumes 
of water; 

2. 	 Secondary canals, which provide tre 
bulk distribution of wter to the 
outlets sering LEAs; 

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

4. 	 TIhe conveyance aol application of 
irrigation water on the fields for 
use by the crops; plus 

X 	 An above ard below ground drainage 
system to remove excess water. 

While lanle-scale systems typically have 
all 	six of these levcls, very mill systems 
may have cnly three, aril mal 1-scale 
systons four or five of thoi (as discussed 
previously). For example, irdividual 
fields iiqy he surpliel directly fran smrall 
wel Is. In sma1 1-scale coimurity irrigation 
systems (supplied by sin1l 1 lift pumps or 
gravity diversions), water n.y be supplied 
directly to the small canals serving a UCA, 
or 	 through a smnall prirary/se: dary canal 
system serving a few UCAs. 

Manageent Entities 

Irrigation 2nterprises have at one end, 
the water supply system made up of the 
hydraulic collection and delivery systems;
and at the other end, the agricultural
dnOain with individual farmers and their 
fields and other farm production facilities 
(see Figure 1). In most developing
countries, the organization responsible for 
the main water supply system delivers water 
to UCAs not to individual holdings. Thus, 
there is a middle zone of collective 
responsibility for cialing with water 
distribution within the UCAs. 

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

The public or private agency respon­
sible for the main water supply 
systen. (This represents that portion 
of 	 irrigation manageuent Wich is 
basically detached fran the agricul­
tural donain;) 

Sets 	 of IfCA water user associations; 

Fonwnl or infornal UCA water user 
associations or coimity management 
groups; and 
Individual fanners. 
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Obviously, all systems must have individual user association and make their decisions
fanrers. On larger-scale systens there is democratical ly.
usually an agency involved ard, even if the 
fanrers are not organized into fonT l asso­
ciations or qoups, in ono w y or another Uydraulic Levels and rManag~mtthey must work toqether. The activities relatol to irrigation 

Water User Organizations: It is often 
considered 4siral)le to have a furmal water 
user association for each UCA. The organi-
zational process is typically based on sarte 
sort of eni)liog leislation. Through 
field researd studies art] (Jmonstrations,
Uphoff (6) dveloped a workable procedure 
or fdel for onraniziog fanrers, but it 
cannot be duplicated or copied in the "copy 
machine" sense. Saik tnerally overlooked 
criteria in his nnDel for developing 
successful water user orqanizations

include: 

* Employing spcial outside professional 
organizers to assist with the organ­
izing process; 


* Selecting a rcresentative by con-
sensus f the famers in each UCA and 
keqing politics out, as political 
posturing tends to create conflict 
which on-is up undermining the water 
user ornanizatios; 

• Tying the organizing process to the 
development or improvement of physical 
warts to serve as a catalyst for 
organizing the farmers; and 

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

For larger irriqction systems he found 
it useful to amalgamate thr water user 
asociations into sets of UCA associations 

to assist in managenent activities related 

to the bulk distribution of water at
hydraulic levels of the systei bove the 
UCAs (see Figure 3). Such sets of UCA 
associations are typically made up of 
elected representatives fron each UCA water 

systom rrinaqc il lt can h_broken or dividedinto those related to the operation of the 
systen and those related to the structural 
elenents of the systen (see "Activities" 
block--left bottom of Figure 2). At any
given point in time, the real tine manage­
nent of flows involves operating the systen
in vhatever structural configuration and 
state of repair it happens to be in. The 
hydraulic levels described earlier have 
different management entities associated 
wiith them. fbwever, the various management
entities do not recessarily need to have 
the sanre operatiomal and structural (or 
maintenance) respjnsibilities for each ofthe hydraulic levels. 

Operational Activities: The principal 
operational activities are: management ofallocations, hich is the decision portion
of the management activity; and management
of flows to satisfy the allocations, which 
is the execution activity. The configura­
tions of the managenent entities dealing 
with allocations and ficos may differ. For 
example, farmer groups may decide on allo­cations and agncy personnel regulate the 
flows.
 

The manaqement of allocations is either 
formally or informally based on a sharesysten. The share systen involves both the 
basis for the right to water and an assess­
mrent of the obligations associated with it. 
The three basic types of shares as outlined 
by Freeran (6) are: 

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

Shares by priority based on location
 
(e.g., head to tail), farm attribute 
(e.g., time of settlement) and crop 
(e.g., econcinic value); and 
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- Shares by cedicated rights or user 
deriand froni surface storage, drain 
flows or groudrwter storage. 

It is possible t)car )ine share types by: 

• Constraininp) one by another (e.g., 
volitme constrained by crop 
priorities); 

• FmployiaI two types siiruItaneously 

(e.g., time rckation supplemented by 
higher-priced da and water); and 

" Charje types within season (e.g., 
shares by vOlunMP shifted during 
drought Ieriod to shar; by crop 
priorities), 

Once the decision has been made inabsolute 
terms, or by default, the n"t operational 
step is the managerent of flows of water to 
best satisfy the allocation decisions. 


To manage the flows in the larger 
portions of large-sca e water supply 

systens (above ten cusecs, or 300 lps), 

dynamic (or continuous) regulation of flow 

is preferred. Dynamic regulation means 

manipulating the canal control structures 

in such a ranner that tie flows and/or
 
water levels in the secordary canals (see 

Figure 2) are nearly constant. Dynamic 

rejulation is only important in the upper 

portions of lare delivery systas in hich 

the lag ties between 4ten the water enters 

the syster and reaches the distal points is 

rather long (over 6 hours). Without 

dynamic regulation, the water elevations 
(levels) in the secondary canals cotinu-
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 
dependable) which, in turn, reduces the 
value of the water to the fanrers, and 
their willingness or desire to pay for it 
and use it efficiently. 

In the portions of the system .here 
flows are relatively small and the lag time 

is short, periodic regulation using on-off 
gate settings is most appropriate. 
Periodic regulation does not imply that 
relatively frequent gate changes are not 
made, but rater thaL fixedj gate settings 
are used and typical ly the gates are either 
fully open or conpletely closed. 

Structural Activities: The structural
 
managonent activities are outlined in the
 
lower left-hand corner of Figure 2.
 
Management of ,.onstruction and maintenance
 
reluires a decision (or planning) phases
 
followed by the actual execution of the
 
work involved. The managarent entities
 
responsible for each operation or struc­
tural activity in both the decision an
 
execution rnudes can and probably should 
differ depending on the local cirani­
stances. Through research acti /ities led 
by Walker (6), on-werful compujter models 
have been developed to improve main system 
managefrv. While this new lydraulic 
modeling research is directed at opera­
tional activities, the nmdels and insights 
gained frcm their application shuuld be 
useful in designing both new and rehabili­
tating old water supply systems for ease of
 
operation and better management of 
allocations and flows. 

Interface Zone: An "interface zone" is 
depicted in the "hydraulic Levels" block at 
the botton of Figure 2. This iswliere the 
donain of the water supply system and the 
agricultural domain overlap in Figure 1. 
In this zone the different ranagement 
entities 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 agency to control fran 
above, or a collaborative zone supported 
frcm below by the irrigators in Wiich 
negotiations are made to mitigate conflicts 
arising fran adjusting demands in viev, of 
estimated supplies? 
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Findings to date suggest that rehabili- We should plan projects that satisfy the
tation of poorly perfonning irrigation policy objectives and gaals based onsystems is not simply a matter of recon- designs that are real istic in terns of 
structing physical facilities to handle 
water ci.liveritsi imre effectively. It is 
also a matter of ex<aninig dofects in the 
mana(pnent activities in the interface zone 
to rAtennine vliy t4 wter could not he;
deliverd in sufficiently contro',lable ways 
so as to earn th full support of the 
irrigator-. it ipears that an essential 
part of lanje-scale irrigation systen 
rifnagervnt will require [J 1ding improved 
orjanizational arrarncmnnts linking the 
individual irrigators and the managers of 
the water supply systen. 

Mana innt Intensities: There is con­
siderable interest in managrent intensity 
as it relates to irrigation systen perfor-
mance. Increasing manageient intensity 
means hoch hardware inputs (such as lining 
channels, extendirnj canals, augnenting 
surface viter supplies with groundater, 
improving control and measurement 
structures, etc.), and software inputs 
(such as organizing farmers, using 
conputer-aided dynanic canal regulation, 
training to improve management skills, 
inproviri cortunications, etc.). Studies 
have been conducted! on imnaqWT-nt intensity 
by Barker (6), hut the results to date, in 

tems of cort-effectiveness, are varied. 

Thus, rather site specific analysis or, a
 
case by case Msis is still rsguired to 

determine the relative value of various 

managr-nent interventions. 


CONCLUIJIN UMNTS 

I think of the, principal purpose of 
irrigation development as LW.ing to increase 
the freelon of cloice for, (or vel I-being 
of) the cOITTnrity of users and other bene-
ficiaries directly served by an irrigation 
schere. For successful development this 
must h done without ,jeooardizing the 
freedoln of choice for the larger cammity 
of which the schere is only a part. 

resources and other corntraints. The 
engineers ard a(rononists usually do quite 
v II at esignirxg projects 4o they are 
fUnctional in a physical sense. They adapt 
then to tle physical resources and 
constraints. But, for the irost part, 
(collectively) d) wry poorly at designing 
manageable systoii. for the agencies and 
users who rust live with tre sch ies a d 
make then work. Even after rehabilitation 
a scheme may stfill have little chance of 
being successfully operatiA ;rrless adequate 
attention has been given to the efysical, 

behavioral and econonic contexts. 

In general , good mnagnent is the 
business of doing what is wented (by both 
the direct beneficiaries and larger 
camtnity) in the best manner possible with 
the resources available. Irrigation systen 
or scheme managnnenL starts by under­
standing the purpose, then ranking and 
defining the necessary objectives. Next, 
it Melineates procedures to achieve the 
objectives and ionitors selected perfor­
mance parameters to determine Aether the 
objectives are in fact being achieved. If 
they are, the Vstemi or scheme is assumed 
to be ell managed, if not, appropriate
 
corrections should be made.
 

Lookig] closely at those parts or 
aspects of an irrigation enterprise that 
appear to be vorking well is very important 
when searching for ways to improve scheme 
performance. This is because what is being
done well is probably what people are 
contented in doing. Fron my observations,
studying what is being done well provides
irsights about the values which the people 
irvolved are resporsive to in the physical, 
econoiic and cultural ernvirorient where the 
schGne is situated. 

The idea of focusing on what is right 
and identifying positive opportunities for 
improving performance when analyzing 
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Table 1. Alternate Arialytical Approaches for Findinq Ways to Improve Irriqation Perforinance. 

OPPORTUNIIY ANALYSIS DIAGNOSTIC ANALYSIS
 
(a ;nainqilennt /o xpert zi in Ii )' (a ciiniCal I/s ucIa I i sts approach)
 

foror (J , o wI- I" riqht, i.1., opportunity . I ncuse, on what is wronq, i.e. , probliem 
i dot I f ,II m ;-,t i yvf' Ipprolic . IdentIIlcatl Ion--a neila LI approacn.dP 

" 
, ;1Ai.1 ji ., il r, tlovieal within . / ine t t i i fur probllins based on 

do un ,r-A linoAl ( , dohl,, il /hlitvioral/ di ,( i iim r'y [,p'rsp('Ct. ivi ol vhat is right, 
( (ltl i 0 expect ed or l ,esired.l n (>1. 

3. Irie', t-o unrlr, tan t! C: tmIt withir Which 3. 1ries t o do,,e r inI t the priority constraints/ 

th" whilo "y'tem i -ut n innin and how to prolss or what is wroolq with the system 
lnireovt it. and ho, to fi) it. 

4. 	 ',earches for strenithl s )r what J , workahle 4. Searches for , eaLiie ses or what has failed 
and hence wanted by examininq what is or is not workinq according te standards of 
working and successfuIl. the disciplines. 

5. 	 Appreciates local values that are needed ;. Imposes I-econceived values as solutions 
to have locally acceptable devel opment. and triec to enlist local support. 

6. 	 lakes a perfcrmance view, i.e., coach to 6. Takes a clinical (sickness) view, i.e., 
improve performance. physician to heal patient. 

7. Need/resuP, oriented, i.e., searches for 	 7. Supply/method oriented, i.e., searches for 

most 	cost-effective changes or assistance. opportunities to supply remedies for
 
perceived constraints.
 

8. Requires an irtegrated framework leading to 8. Requires a set of disciplinary frameworks 
interdisciplinary action, leading to multidisciplinary action. 

9. 	 Falls within domain of consultation. 9. Falls within domain of prescription. 

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

irrigation schoics is iiiierently overlookex focusing on opportunities for cost­
by diagnostic approaches. By their nature, effective changes that will improve overall 
diagnostic analysis approaches concentrate schal perfonance; whereas, a diagnostic 
on identifying problems. I have found it analysis tends to focus o problems or 
irlst productive to follow a posiivc- or fixing what appears to be brciken or not 
opportunity analysis approach when functioning. 
analyzing irrigation sch(e31s. A canparison 
between the (pportunity an the typical Often the wor-ds systerl, schere, project 
diagnostic analyses a)proiches is presented and enteriprise are used interchangeably 
in Table 1. when referring to irrigation, but I find 

this confusing Wien coimmicating about 
Carryi nj ojt tihe t) j)preaches is irrigation development. This confusion 

similar ri tenms of teali make-up and extends to the manageaent arena and 
reconnaissance activities, but they deviate believe this is an important factor leadin 
significantly as opportunity analysis to poor irrigatiol perfonnance. That is 
follows an ecolxl ical/behavioral rather why I have endeavored to provide a ciearer 

clinical to 	 frale andthan a approach the analysis. conceptual TOk for thirnkin 
Working with available resources to q.pt canimicating cout irrigatis; rr;agpi.t. 
rore cfective an] efficient perfonwmince 
toward an accepted purpose or goal is .Jere In my view, the three pictorial sketches 
our creative munius rpts te-stod. For which have been presented are of primary 
errinets, an qportunity analysis requires importance. Figure I was presented to help 

in 	conceptualizing: 
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* That the irrigation works (which rrake 
up the irrigation systein) are only a 
part of an irrigation sdCOTP2; 

• the v'kitershed , vKter supply systeantalents 
agricultural 4ina m of an irriqation 
schoiwe; 

• The inputs, outputs and effects 
relative to an irrijation schere; and 

The dependency of irri ,ot on ;hns 
on the lamer humlin arfl natural 
eos,.stm of whid thc, are a part. 

Figures 2 ari 3 whiich depict portions of 
large-scale gravity irrigation systens were 
presented: 


* To depict the rich diversity of their 
physical layots; 

TTo outline the [i)tenitial h'ydraulic 
levels ard nianaie-rent entities ard 
activities or irrigation systems in 
general; and 


To provide a coTmin set of no-men-
clature for than. 

An individual large (or sets of smaller) 
irrigaLion system(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 manatjing these Nrks or 
failities. Managig t',-,cirrigation scheme 
involves a broader view, fi)r it includes 
,,renaging the vtershed an the entire set 
of other activities related to the irri­
gated agricultural enterprise as well as 
the irrigation system (see Figure 1). 

Unlike industrial systens or utilities, 
irrigation schees and the irrigation 
systems serving them should be managed fran 
the botton upward, as wl 1 as fran the top 
tord the bottom. This is necessary 

because the very act of irrigation requires 
farwers to be entrepreneurs and take risks. 
Fanwrs are not (nplayees on the "payroll" 
but iwst qt~ltbe their timre, capital, air! 

in the rmal preLsent, in h)pes of 
acrcirp fIut'wf lnonfi ts frwn the crops 
they prheuce. tVcawqsv of this, a purely 
top-doo uana,!t-njnt systen is not gpnerally
effective, since the agency and its 
enployees are not fully infonTYi of fanrer 
needs and do not take the risks. 

To achieve the hoped-for results of 
irrigation development rr3luir-s sare alter­
ation of the vialx)ints and knowledge
levels of everyone concerned. This 
includes the national pliticians, the 
financiers, tte planners, the designers, 
the contractors, the manager-, the local
politicians, the research and etension 
services, the aqro-business suppliers, the 
farn-er- the nurket.iR peoole, and, perhaps
most inportant of al I, w- professionals, 
4ho are involved in technology transfer ard 
the irrigation development program. bfpe­
fully, the concepts ad i suni frareworks 
presented herein will help sharpen the
focu-s on imipiroving irrigation perfonanoe 
worldwide. 
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