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PREFACE

This report is part of the work done by the University of Minnesota
and Colorado State University for the U.S. Agency for International
Development under the Cooperative Agreement for Economic Planning and
Policy Analysis for Irrigation. The studies have been concentrated in
Asia and North Afriéa with special emphasis on South India, Northeastern
Thailand, Egypt, and Pakistan. The work. in Thailand and India is focusing
‘on small scale irrigation»while that in Egypt and Pakistan is concerned
~ with water allocatibnvin'large scale projects. |

The purpose of this report is to provide a summary of what we have
learned through review of thé researcﬁ literature concerning socioeconomic
problems in irrigation faced by developing countries. The emphasis in this
review ié on Asia and on what we féel to be three critical problem éreas of
water aliocation, irrigation institﬁtions, and investment alternativés;
While we have not cited all the'literatﬁre, what we include is representative
of research completed in these three problem areas.

For further information about the research in Thailand and India,
contact K. William Easter, Department of Agricdltural and Applied
Economiés, University of Minnesota,:St; Paul, MN 55108, and for Egypt
and Pakistan write Robert Young, Department of Economics, Colorado State

University, Fort Collins, CO . 80523.



SOCIOECONOMIC ISSUES IN
IRRIGATION DEVELOPMENT AND DISTRIBUTION*

K. William Easter and Delane E. Welsch*¥*

The basic problem in most irrigation schemes is the failure to-

‘.reach expected levels and distribution of output and income. Water
allocation, operation and management procedures are mgjor'contributors
to poor project perférmance both in terms of income and its distribu-
tion. A fundamental concern is the capacity of countries‘to‘properly
evaluate complex water fesource development and to design and implement
appropriate_projects and poli;ies. In many cases expectations in terms
of‘outpﬁt and its distribution may be unrealistic.

This paper seeks to spell out what is known about the socio-
economic prqblems facing irrigation planners and managers. It will also
highlight some of tﬁe important socioeconomic research issues that need
to be addresséd.v The review will bé organized around thtree topics:

(1) Water allocation procedures'and policies |

(2) Institutional arrangements for irrigation management

(3) Irrigation investment alternatives

The first two topics are closely related in that water allocation
.or disfribution is central to irrigation managément. In addition, the
‘institutional arréngements for management can determine the success

or failure of water allocation procedures. - Even the design and scale

*The authors are indebted to Drs. Edward Sparling, Dick Suttor,

Donald Taylor, Leslie Small, Charles Howe, Sam Johnson and K.
Palanisami for their extensive comments on earlier drafts and their
help in covering this extensive topic. Errors and omissions, however,
remain the responsibility of the authors.

*% The authors are professors in the Department of Agricultural and Applied
Economics at the University of Minnesota.



issues are difficult to separate from management. Many irrigation problems
arise out of failures to jointly plan project design and management. Too many
times project management has not been counsidered until the project is almost

complete.

WATER ALLOCATION PROCEDURES AND POLICIES

Bottrall (1981) in his recent World Bank rebort on Management and
Organization of Irrigation Projects terms water allocation or distribution as
onevof the astonishingly neglected areas of research that has a high potential
payoff. “Wafer distribution waé‘acéordedtits central place in the Terms of
Reference fof several reasoné. In confras£ with other activities mentioned,
it is an activity peculiar to‘irrigated agriculturé and it has not been widely
studied -.indeed, until very recenﬁly, it has been astonishingly neglected, both
by academic researchers and prdfessional practitioners. But the ovefriding
reason was thét there was recogﬁized to:Be an immense potential, so far largely
untappéd, for improving curreﬁt water diétfibution‘practiéés" (Bottrall, 1981,
p. 2).

Bottrall goes on to suggest that there are two important dimensions to
water distribution.b First is the techniéél dimension rela;ing to the
approptiatenesé of the water distribution‘methods. Second is the social and
poliﬁical dimension which concerns the ability and willingness of irrigation
»officials'to allocate water equitably and resist powerful pressure to
misallocate water. "Good water distribution thus requires not only a high order
of techniéal skill but also a managgment system which will make it rational
for'irrigation‘officials to deny extra water to the more powerful and better

located” (Bottrall, 1981, pp. 122~123).



Indeed, the potential payoff from improving irrigation sysfems is large.
As will become clear, water distributioh involves complex technical, insti-
'tuti;nal and investment questions. In order to simplify the discussion of
research findings and future areas of work, this section is divided into three
parts based on locaﬁion in the system: water allocation among farmers,
trénsmissipn water losses and water source allocation. Although this is

somewhat an artificial division, it helps emphasize the key role which physical

design has in determining the allocation alternatives open to management.

Water Allocatioﬁ Among Férmers
A wide range of propedurés can be used to allocate Qater among farmers.

These inclﬁde: (1 né formal .allocation procedure -— water flows continuously,
2) rotation -~ water is available for irrigation every 7, 10, or 14 days
dépending 6n the length'of rotation; (3) farm §ri6rities -- farms are served in
order of priority based on ﬁime of settlement, (4) market -- water users bid
each period for water shares néeded.to irrigate their crops or buy water.shares
for the whole crop season, (5) demand -- water'supply’for the full season is
stored an& each farm is'allétted a fixed quantity for the season which can be
obtainea on demand. | |

_.Aithough there areyrules'for sélecting ;he appropriate desigﬁ for a canal
there‘are no comparable rules fof selecting the methéd for allocation of
irrigatiOn water; .What criteria should be used to determine whetﬁer a rotation
sysiem or a demand syste@ should be used? Maass and Anderson (1978) suggest
that five objectives.are important in.deciding how to alldcate water at the

farm level: equity, efficiency, growth, justice and local control. The weight



given each objective is likely to be different among water managers, farmers

and politicians. This complicates ;he problem of establishing criteria for
selecting the aépropriate méthod for water allocation. It is also likely that
the method of allocation should change over time as farmers gain experience

and can take more responsibility. For example, one may startvout on a strict
rotaﬁion system and change to a demand system. However, to make such a change
the design capacity must be adequate to handle changes in allocaﬁibn pfocedures.
It will be possible to change from a continuous flow system to a rotation system
only if there are adequaté control structures.

‘.Seagfaves.énd Easter (1982) sﬁggest that.spme comﬁination of fegulations
and prices will be used to allocate water and help pay for the system. The
particular mix.of rules and prices depends on a numbgr of factors includihg:
the value of water, thg ability to collect fees,_dependaﬁility of supply,
cropping patterns, control stfucture, project objectiﬁes, étc. The specific
weights given to these factors for sélecting the appropriate coﬁbination of
regulations and prices will vary among countries and projects.b fhey suggest
that the possibilities for achieving an efficient and equitable distribution
6f water are enhanced if some form of‘variable pricing is used (see the section
on‘Watér Pricing fof further discussion).
| Reidinger (1974) and Malhotra (1980) both studiéd the rotational systen
(Wérabundi) gsed on canal systems in northern iﬁdia. They both fouﬁd that this
system often prevents the distribution_of.Water to areas of highest need because
the times reserved for water allocation to individual farms are non-transferable
among>farmers. One possible way.tobresolve this inefficiency would be to

sanction intra-watercourse markets which allow trading of water turns or shares



to take pléce/among farmers.l! In contrast tomReidinger, Malhotra concludes
that, -given thé éize of the system it operétes fairlj well. Malhotra seems to
ignore the problem inhérent in most Indian irrigation, which is the failure
to involve farmers aﬁa agrohomists in decisions on water allocation (Bottrall,
1981). still é well—operatedvWarabundi has the potential for increasing the
output from sQﬁe irrigation systems in India.

These studies all point to the need for additional research which will

provide comparisons between the different methods of water allocation so that

suitable criteria can be developed for selecting the allocation procedure

best suited to meeting the project objectives and conditions of specific
irrigation systems. Such future étudies.sﬁould emphasize the dynamic éspects.
of irrigation, which is important in today's rapidly changing»égriculﬁure.
Resea:ch should be patterned after Maass and Anderson's (1978) studies in _
-Spain and the U.S. Whefe they evaluated water allocation changes as water
évailabilitybcondifibns changed from year to year, and as farmers adoptéd new
and more COmplex irrigation methods. Future studies should alsovdetermine/what‘
the impacts of various alloéation procedures (including water priqing) are on
‘outﬁﬁt énd income distribution."Do certain procedures lead to higher levels

of production while others foster a more equal distribution of benefits?

'_lj However, in Pakistan under the Warabundi system, water trading
used to be allowed but farmers petitioned the government to switch to
a less flexible system. The few remaining watercourses that allow trading
are small and have extraordinary intra-watercourse cooperatives. A water
market requires coordination of turms which tends to be a difficult task
when a system is abused by the powerful farmers (Mirza, Freeman, and
Eckert, 1975).



In addition, do certain allocation procedures create externalities such as
water logging and’salinity problems?

The social»and political dimensions of water allocation suggest several
additional research questions. Irrigation systems have been called behav-
ior systems because théir performance is so deoendent on the many people
involved. Since incentives‘influence people's behavior, it is important
to understand the incentives provided by an irrigation system to all groups
involved in that systeﬁ (Small, 1982). This leads to several important
allocation questions which concern the compatibility of incentives.

First, there are manyVSub—groups‘withiﬁ irrigation agencies, each with
different motives and responoibilities. Littlé work has been done oo how
incentives can be used to influence each of these groups. Small speculates
théf the basic organization of ﬁany irrigation agencies may iead to
inappropriate incentives. .“The improved System layout resulting from farmer
input in the design and construction stages causes better system performance ...
and fewer operation and maintenance problems ... This would appear to be a
potontial incentive for the irrigation agency to incorporate farmers in the
design process.' But given the usual organization of irrigation agencies‘into
separate divisions‘for design-and conotruction on the one hand; and operation‘
and maintenance on the other, the incentives to incorporate farmers may exist

‘only at the very higheso,levels within the irrigation agency” (Small, 1982,

p. 7). |

| In addition, where excessive‘water use By upstteam férmers‘deprives down-
stream farmers of water, a real conflict in objectives may occur. Only fhe
"irrigation official may see the potential for redistributing the wéter while

the individual farmers can only see their own direct losses or gains. However,



there is a potential for redistributing water, in a number of cases, without
reducing productios‘upstream."These potentials need to be identified and
vdemonstrated to farmers.

Secend, are the 1ncenti§es for irrigation system managers and the farmers
COmpatible with the efficient and equitaBle allocation of water? If not, how
might they be altered to increase the compatibility? Fo: example,
Gopalakrishnagya argues that India's Command Area Development (CAD) fails to
meet the compatibility of objectives test. "When CAD officials determine land
localization/water'distfibution policy and cropping pattern solely based on
soil, climate and the avallablllty of water for max1m121ng cropw1se production,
the obJectlves of : the CAD and the farmer do not fully coincide,”
(Golpalakrishnagya, p-. 75). He finds that the CAD "objective has to be modified
‘to allow the part1c1pat10n of the farming community as an 1ntegral part of the
;program. This can be achieved when the objectives of the farming communlty are
also . taken 1nto consideration along with the objectives of the government,
(Gopalakrishnagya, p. 76). He suggests that a reasonable return to farmers
shouid be included as an objective.

Finallyj how can faimers,be orgenized to help in water allocation so that
when they serve their own self-interest they also serve the oyerall interests
of the‘project? The answer will involve study and evaluation of existing
sYstems of alloceting‘water which inciude farmer inputs at different stages of
the allocation process. A more detailed discussion of»farmer.organization
must wait until the section on Organizatlons for Water Dlstrlbutlon.

v Transmission Water Losses

Water losses as high as 70 percent have occurred during transmission of

water to the farmer's fields. The seepage of water through the banks of canals



~accounts for much of the loss. If water is being transmitted over a vast area,
the problem of ﬁater losses is‘aggravated. Therefore, an important question
in transmission is how la;ge an area should be served? This question involves
a trade—off between efficiency and equity. Three things generally happen when
the area irrigated is expanded. More farmers can irrigate, the transmission
losses increase and the certainty of water supply decreases. We need to know
the cost in income foregone (due to water losses and decrease‘dependability)
frqm expanding the irrigated areé and the benefits from expanding the number of
farm families receiving irrigation.
_ Palanisami (1980) reviews the development of a large écalé'irtigation pro— -

ject in Tamil Nadu, in ﬁhich thg command area was expanded from 251,000 acres
to 366,000 acres during the late seventies. This expansion was approved despite
the fact that 61,060 acrésvin the original command aréa had never been
irrigate&. After.the expansiop farmers received,.dn the average, enough water
to irrigate one crop every 2 years as compared to water for a crop every 1~1/2
fears before the_expansion. In addition, the expansion waé concentrated on two
of the six major canals. Because of the limited and uncertain canal water
supply, the area irrigéted by wells increased significantly. However, little is
known about the_groundwater’suppiy and,thé:recharge-ﬁroﬁided by the irrigation
project.

| -In another large South Indian irrigation‘systeﬁ, Palanisaﬁi‘(l981) found
that the pattern of watef allocation from reservoir to fields'had’to be changed
to accommodate an eXpanded‘command area. Due to inadeqﬁacy of watef, a "zonal
system” of irrigation wés introduced in 1959. The command area was divided

into odd and even uiles along the main canal. All distributaries'along_the odd



numbered miles received a continuous supply of water for a rice crop.dqring
August 15 to December 15, 1959. The distributaries along the even numbered-
miles obtained water for dry crops on weekly intervals during December 16, 1959
through April 15, 196Q. In 1960-61, the sequence changed so that the even
numbered miles obtained water August 15 through December 15 while the odd
numbered miles received water December 16>through April 15. 'The "zonal system”
was an attempt to serve as many farmers as possible given the political decision
to have a command area larger than could be served, at one time, by the
irrigation system.

Roy and Siﬁgﬁ.(l979) Qsed a iinear programming model to determine fhe
toptimum coﬁmandvarea for small private tubewells. This is a much easier problem
to model than the iarge_flood irrigation Systems since there is little.or no
transmission loss or trade-off among farmers (assuming no groundwatér
constraint). The main questioné‘to be decided are the cropping patterns and the
acres irrigated given the pumping capacity and rainfall.

One option for large irrigation projects is to start with a relatively
compact irrigation system and collect fees for the full cost of providing the
irrigation water. The’Systemvcled then be expanded aé new investments in
storagé capacity, canal 1inings, other water saving improvements, efc., make
water available for irrigating additional laqd. The criteria for this step-by-
sfeé expansidn of the irrigated area would be to equate the marginal cost of‘

delivery to the marginal revenue from irrigation expansion. This assumes that
the water delivered to the new area is surplus water, i.e., the value of water
at the margin is close to zero in the existing irrigated area. Expansion of the

irrigated area would countinue as long as the'marginal cost of delivery is less

than the expected marginal return from new irrigation.
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The more likely and difficult problem occurs when the transfer of
water to a neﬁ area iﬁvolves a loss of income to farmers in the existing
irrigated afea. In this case, the following information should guide the
decision makers: (i) the loss in income to farmers in the existing irrigated
area, (2) the cost of delivery to the new area including water lost in delivery,
(3) the net returns to irrigation in the new area, (4) the levels and distribu-
tion ofkincome in both areas, and (5) the environmental impacts of the iﬁérease
in irrigated area. At best, decision makers usually have a little information

concerning net returns and the cost of delivery.

Within a compact ifrigated area, transmission losses één be further
reduéed by sevefal water conservation procedures. However, research is needed to
determine the highest return water conservation'méthdds. One of the most
frequently proposed methods is canal lining. Yet current technologies qu
lining, particuiarly concrete lining, tend to be high in cost. Studies of
cbnérete»lining do not éive clear-cut cpnclusions concerning profitability
(Taylor, 1981, p. 157). Other materials need to be tried and evaluated in
terms of cost of inmstallation, maintenance required, speed of installationm,
land usea and water saved.

Gupta, et.al. (1973) étﬁdied seVeral cases in India‘where there had
been a change from ordinary canals to concreﬁe lined ones. They fouﬁduthat
such cﬁénges.reduced water losses due to seepagé and evaporation and increased
the cropping intensity, and provided an aSsured'supply of irrigation water to a
larger area. Hafid and Hayami (1979) discovered similar results from canal

lining in the rehabilitation of the Subsidi Desa scheme in Indonesid. There is
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no doubt that lined canals can reduce the variability and uncertainty of the
water supply, but how much is added to the costs of providing water and what
are the benefits? Cheéper alternatives are often available to assure a

water supply. One pogsibility_is partial lining of the canals or
watercourses.g/ Johnson, et.al. (1978) evaluated several methods of
watercourse improvément including concrete and masonry linings énd simple
earthen impfdvements of the ditches with concrete control structures, junctions
. and turnoqts. They found that the earthen improvements wiﬁh concrete structures
- were thé‘best investment in Pakistan where labor césts were low. Recent
studies, however, suggeét that the life of earthen improvements may be
sqbstantially shorter than assumed by Johnson, et.al. Improved wateréeurses
invPakistan'é Punjab tend to reach their prévious state of néglect in one to
three years (Rénfro, 1982).

Ali (1980) assumed a lifé of three'yéars for ea;then improvements in
Pakistan and used programming techniques to find that liniﬁg the upper reaches
of improved watercourseé was just on the verge of‘being profitable under:1977
§rices. This lining was done on the most heavily used and most pordus sections
of the watercourses. Higher energy prices or procédurgs for increasing.the life
expeéténcies of the earthen improvemgnts would make improvements:profitabie.

Pang (1979)vfound thaﬁ fiberglass—reinforééd polyester (FRP) flumes
to carry water abovebgroundeere supérior to earthen channels.inuMalaysia.

The'flumes could be installed more rapidly and required less land and

g/ Watercourses are generally maintainéd by the farmers while the
canals are the responsibility of a government agency.
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maintenance. These cost savings plus thé savings in water more than offset the
capital costs which were tw§ and a half times the cost of earthen channels.
Similar studies neéd to be done in other countries to determine returns
from alternative canal and watercourse linings under varying soils, climate,
prices, etc. vIn fact, moré work should also be done with alternative methods
of Qater coﬁvéyance.gt the watercourse level. For example, Lenton and Seckler
(1978)‘and Gisselquist <l979) have suggested alternative wayé of using pipe.
Probably the cheapest method of reducing transmission losses, where labor
costs are low, is by proper and timely maintenance of the canals. Johnson,
et.al. (1978) cite-inadeqﬁate organization of the users'és the major.reaéon qu
the lack of maintenance and resulting losses. Lowdermilk,'ét.al. (1977) alsd
believe that this»problem can be allgviated by effectively orgéniziﬁg.the
users to maintain and improve their watercourses. Sparling (198la) suggests that
the problem of irrigation canal hainténance is a particularly thqrny collective

gobds problem. He contends‘that this problem is characterized by ....'exter-
'naiities resulting from individual action; and vulnefability to opportunistic
~behavior (i.e., water theft) by other farmers". He also demonstrates the
organizational difficulties of maintenance and provides theoretical arguments
and empirical evidencé'in support of his proposition that the watercourse
maintenancé problem is an important cause of divisiveness'aﬁong Pakistani
farmers.

Maihtenance is also a basic inQestment prbbiem. Little or no funds are
generally allocated'for system maintenance when budgets énd designs are madg for

irrigation projects. In fact, countries may find that they have comstructed

more irrigation projects than can be adequately maintained.  Both funds and
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trained manpower can be comstraints. to adequate maintenance of irrigation
‘projects. When these constraints exist, new projects may have to be éurtailed.
In additiqn, maintenance should be included as a specific item in all project
plans. |

Singh and.Bhafgava (1977) emphasize the need for conservation of fun-off
water'during periods of heavy rainfall. They suggest the construction of small
reservoirs with devices to slow evaporation. Chambers (1978) also recognize
the need for conservation and proposes research into devices that will reduce
the evaporation from open bodies of water. Such devices include windbreaks,
shade, vegetétion and chemical films. |

Another aspect of transmission that has been all but'negleéted in the
literature is the economics of irrigation scheduling. Taylor and Tantigate,
1981, in one of the few paperé on. the Siject showed thatvnop—adhefence to the
schedﬁling was aséoéiated with lower yields and profitability. They found that
farmers lost the most time relative to the gazettgd schedule in franspianting
';nd harvesting. The labor supply was inadequaté'ﬁor the two-week time specified
‘in the gazetted schedule,forxeach operation. The gazetted schedule calls for‘
irrigation water to be supplied to all farmers simultaneously wﬁich is not
possible. They conc1uded that the scheduies should be reformulated to phaée in
 irrigation water across schemes. To makg‘a phased scheduling possible would
require investmenté in irrigation infrééﬁructure, training of staff, éhanging of
stéff incentives, incfeaSing‘the tractor SQpply,.irfigatibn extension programs
for farmefs and'farmer_incenti#es‘to follow irrigation schedules.

The research on ways to'reduce transmission losses has certainly improved

during the 1970'$‘And 1980's.f However, much action research is still needed in
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the hea§ily irrigated areas of Asia where different alternatives can be tried
and tested. Research is needed on alternative methods for reducing wgter losses
during transmission to farmers' fields. Different methods for improving canal
maintenance need to be tried and tested. More analysis is needed to determine
the optimum size of command areas under different resource conditions énd

trade-offs between efficiency and equity. Finally, the techmnical and econonic

effects of alternative irrigation schedules deserves further attention.

Water Source Allocation

‘A number of problemé arise with regard to the allocation of irrigation
water from its source. One such problem involves_the allocation of water over
time; both within a season and between seasons. Water in a reservoir or a
groundwater aquifer represents a source of income generation in the cutrent
period as weli as‘in‘future yeérs. Evaporation losses impose a penalty on water
“stored in reservoirs for future use, encouraging large'releaées As does the
existence of a discount rate. In contrast, the diminishing productivity of
water and the uncertainty of next year's water supply both encoﬁrage water
storage. This problem has been dealt with by Cummings (1974) in his case study
in Mexico but has been largely neglected in_the 1iteréture of Asia.

Another question conéernsithe allocation,bf water among different
uses.':For example, if water is withdraﬁn for irrigation, what does this wmean
£or other users? Maass and Anderson (1978) considef the quéStion ip terms of
’downstream users in both the U.S. and Spéin. This appéafs to be a fairly common
externality in parts of Aéia/such as the’Philippines where upstream farmers use
eicéssive quantities of water. The fesult is water shortages for downstreamv

farmers. Return flows reduce this externality somewhat. The same externality
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exists in tank irrigation in South India where tanks are arranged in a series
with the overflow from one tank going into the next tank. Palanisami and

Easter (1983) found that farmers served by upper tanks used excessive water and
double cropping, resulting in water shortages for the one crop grown under the
iower tanks. It will take action by the government irrigation agency to
internalize this eiternality. Keleo, et.al..(1973) address the problem in terms
of the low value of irrigation water in Arizona when compared to alternative
uses, i.e., industrial and commefcial{

Finally, what procedures can lead to an economically efficient joint
allocation of groundwater and surface water supplies (conjunctive use)? Maass
and Anderson (1978) studled the conJunctlve water distribution to farms in the
Klngs River service area of central California. There, surface water prices are
kept low as long»as there is an adequate river flow. When surface water supplies
drop, the piice for the surface water is raised above the marginal cust of
pumpingx' Young (1970) and Bredehoeft and Young (1970) used mathematical
programmiug and simulation techniques to model the release of groundwater from
aquifers. Their models prov1de valuable 1n31ghts into the questions associated
with conjunctive water management. Burt (1963) derived an inventory model for
vthe optlmal manegement of Water over time, under- condltlons of conJunctive use:
of'ground and surface water. His analysis was done for the same area in
California as the_Meess and Anderson study. These studies indicate the type.of
qurk that is needed:in many LDC's’ Their techniques need to be applied to the ..
epecific:resource aud cultural situeticns found in councries such as India;. |
Thailand and Bangladeeu. In addition, much more research should be uone on
these water allocation problems using less sophisticated apprdaches such as the
equi—mafgiﬁal principle (the 1ast‘unit of water in each use should have the

same value).
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INSTITUTIONAL ARRANGEMENTS FOR TRRIGATION MANAGEMENT

Tukase (1982) says that Asia has experienced three phases in irrigation
development over the past 15 years. The first phase was the construction of
large dams and main canals during the 1960's. This was followed by a second
phase of on—farm water‘management in the 1970's. The third phase is the concern
for "institutional aspects and human management skills,‘coét efféotiveness,
socio-economic benefitsband project implementation"b(Tukase, 1982, p. 8). These
issnes, he feels, will be a major concern throughout the‘l980's.

Governments in Asia have also shown a growing concern for the institutional
aspectn of irrigation.éj ‘Levine (1980) suggests that govornment attitudes
towards irrigation have gone through the same three pnase e?olution. In the
earliest stage, the empha31s is on the capture and conveyance of water. This
is followed by a concern for agrlcultural water use and the agronomic aspects
of irrigation. In the final stage government finally recognizes that the farmer
is an active participant in irrigation and‘that’farmer's needs, as well as crops
énd soils musf be taken into account in the éystem design, conétruction and
operation. When governments finally reach this third stage the importance of
institutional arrangements comes to the fore. What kinds of institutions will '
facilitaﬁe farmer participation and nigh levelé of produciton? AIso, what
institutions have farmers already developed to bettef utilize their irrigation
water?

Althongh there are at least three levels of institutions involved, . ﬁhe

most important for direct farmer involvement are those dealing_with distribution:

éj Institutions is broadly defined in this paper to include ways of doing
things as well as legal and contractual arrangements for organizing activities
and distributing property.
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of irriga;ion-water and maintenance of the irrigation system. Geographically
these institutions are usually at the local or regiomal level.. Generally they
involve farmers, possibly in a water user's association. An irrigation depart-
ment orvbﬁreau office.in charge of a particular sub-project is another example.
The success or failure of “management" is likely to be determined at the level
where the farmer—user and the system interact.

A second set 6f institﬁtions are those that directly affect distribution
of’benefifs. Thesé include both customary and legal institutibﬁs'that deal with
land tenure, crop tenure, aCcess to reéources, division of production, access té
water, rights to Watef, etc.  This>leve1 of institutions has considerablel
influence on the aﬁtainment of management objectives in an irfigation system and
the eventual distribution of benefits. In fact, if one is to influence the
distribution bf irrigation benefits, decisions cdncerning these institutions
have to be made at the design stage of the projec;;

..A third set of’institutions is at the national level. It consists Both of
organizatiohél structurés, such as a ministry of irrigation‘or a national
planhing'authority, and of "rules"” or ways ofvdoing things. This iﬁcludes such
things ‘as howvthe ééntral government decides to go‘ahead:with an irrigation'
pfoject, how the Ministry of power and irrigation decides to allocate water to
irrigatign rather than to power generation and whether all signals come from the
top down or some C§me from the bottom ups |

.The study of igstitutions and their prbblems) with'institutions as defined
' éboVe, leads direétly to questions‘of efficiency ;nd équity in the delivery of
services, which may be the most crucial or critical irrigation issue facing many

countries. - How to reform or revitalize institutionms which are having a negative
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effect on income and how to start new institutions which are needed fo improve
irrigation efficiency and to achiéve a better distribution of gains‘are crucial
and unanswered questions for most countries.

Bromley, et.al. (1980) suggest the following general principles for
designing irrigation institutions borrowed from Rawls, (1971): (1) compatible
liberty -- each participant in the irrigation system should posseés an equal
right to the most extensive liberty compatible with similar liberty for others;
(2) knowledge and participation - any institutional system must be widely
uﬁderstood by all of the participants; (3) shared concept of justice —- there
nust be a shared concept of What is just and what is unjust; (4) formal System'
of'justice -- there must exist a system ofyformal justice in which there is
impértial and consistent administration of the rules; (5) rational rules —-
rules should be designed so tﬁat the predominant self-interests of individuals
"leads beople to act in ways which further desirable socialjendé. |

Application of these principles however, depends on the basic "norms” of
the sqciety. Rawi;' principles tend tq‘come out of the norms of No;thern
Europe.' But, in this paper, we are dealing mainly with societies which have
different traditions and they may find Rawls' principles rather strange. Thus
one must be careful when judging or recommending institutions for areas which
" have very different tréditions than those found in devgloped countries.

At bes; we ma§'be able to suggest a set of quéstions or criteria which
should bg satisfiéd cbncerning.the institutiopal setting for irrigatiqn develop-
ment. For egample, is thé dispérity in land ownership and the underlining power
structure such that most of the benefits will go to the high income groups?
Whét changes in institutions are necessary if éﬁ irrigation prpject is ﬁo

achieve both equity and efficiency objectives? Do farmers have a record of
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being able to work together to solve local problems? These and other questions
concerning institutions should be part of the overall evaluation of project
feasibility. Even if the benefit-cost ratio appears satisfactory, the lack of

appropriate‘institutibns may spell project failure.

National Water Institutions

IOne important question with regard to institutions at the national level
is: How should authority‘over water project formulation aﬁd implemen;ation be
delegated?, A number of authors, including Abel (1976), Hﬁtapeé, ét.al.v(1976),
and Thornton (1975) have found that the most efficient forﬁ §f administration.
was one in which all of the developmenﬁ activities within an irrigation projecﬁ
were EOOrdinaté& by a single agency. 1In cases where separate departments exist
whose authorities overiap, for example, a department of irrigétion and a
department of agriculture, cénflicts arise and,blame is placed.on one for shoft_
falls perceived by‘tﬁe other. Delegation of responsibilities is a source of
éonfiict between two such deparﬁments.‘ This has led to recommendations that
where both departments‘exist,.oﬁe overseeing agricultural activities and omne
concernéd with irrigation, ihey should be combined or, at the very 1east; one
shouldvbé given.ovetall responsibility. However, such-é.mefger caﬁ have serious
consequences for existiné-government agencies and will be strongly resisted.r

Abel (1976) takes his analysis one step farther and finds that the
effiCiency;of irrigation systeﬁé-ﬁénagemenf‘in Taiwan depends on the legal
administrative basis for centréliéed planning of irrigation investment but
decentralizgdvmanagémeﬁt;of irrigation systems. Research is needed tbAexplore

ways in which other countries can achieve integrated regional and national
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planning while at the same time have decentralized management of irrigation
project. Abel also concludes that government recognitidn that water is a
scarce agricultural input,. is an important factor influencing the efficiency
of irrigation managehent. For irrigation to be efficiently developed and used,
water use must have a high national priority.

'._ 1f irrigation.development activities are to be codrdinated, the coor-
dinationkshould start at the national level. The existence of a national agency
for overall coordination is crucial, especially with regard to the planning and
evaluation of irrigation projects. In setting up such a unit, care must be
taken to keep the planning and evaluation agency séparate from the‘construction
agencies. The U.S. expefiencé with the Bureau of Reclamation and the U.S. Army
Corps of Engineers is enoﬁgh to highlight the problems created when a construc-
tion agency also does the planning and evalua;ion. These are separate jobs with
different incentives and shoﬁld»nct be piaced in the same agency (Eastervand
Waelti, 1980).

| Although it may not be clear what Eype of national water planning
and evaluation system is bgst,vthere is no doubt that such an institution should
bevestablished. Research can help shed some additional light on the effec-
tivéness'of varibus'sjstems, such as the U.S. Water ReSburces Council.i/
Analysis»taﬁ also help establish guidelines for project evaluation. However,

the first job that needs. to be completed is to establish a national agency with

éjﬂThe Water Resources Council is an example of an agency estab-
lished to coordinate water developmént across several powerful agencies
involved in water development. Their record should help make the point
that it is almost impossible to effectively coordinate water development
spread over numerous agencies. The real solution is to have the irriga—-.
tion development as part of a department or ministry of agriculture. But,
as we all know, this requires some difficult political decisions.
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authority over water planning and evaluation. Thenagéncy will make decisidns
about the feasibility of projects and’tﬁe allocation of fundsbamong projects
and geographié areas of the countfy. The actual project proposals must come -
from the provincial or district level. The centralized agency does not have
the data and information to develop projects for specific parts of the country.
The proposals must come from fhe regional or local‘level where the resource -

endowments, bottlenecks, and physical and social conditions are known.

Organizations fof Wafer Distribution

it is widely agreed that éffectiveiorgapization and manageﬁent of
irrigation systems by informal or f@rmal cooperative water user organizations
will increase the efficiengf, equity and éroductivity of irrigation projects
-(Abel, 1976; Andreou, 1979; Bottrall, 1977; Oh, 1978; Nickum,1977; Lowdermilk,
et.al., 1978). The queétion is how tovéstablish effective user organiéations to
meet ‘the pfoject.objectiveévand at the same time be'édaptable to locallcon—.
ditions. In many cases, this may mean making use of informal water user
organizations that farmers have already developed. Throughout Asia we find
effecti&e water uger ofganizations that have been ignoréd by centfal governménts
. (Poffenberger, 1980). "

Bottrall (19?7) provides a‘dgscriptioh of the decentralizéd approach to
irfigatibn administration followéd by thé‘Irrigatibn Aésociations df.Taiwaﬁ.
- With this systém much of the responsibility for deaisioﬁs about water allocé;ion
and'syéteh:maiﬁtenénéé is delégéted to tﬁé uéers‘themselvesr Although this is
an institqtion that was developed‘in a specific envifonment and ié‘not widely
applicable, Bottrall feels that the knowledge gained ffom the sequence of deve~
lopments that took place in Taiwan may be useful in devising suéh successful

water user cooperatives elsewhere.



22

One of the conditions under which these cooperatives develOped=iﬁ
TaiWan was that of strict enforcement. At the time of their implementation,
Taiwan was subject to colonial rule by Japan. ‘User cooperatives were
implemented by official decree and their rules were enforced by police
pbwer. Although this is a condition which may be undesirable to emulate,
it does not rule out the possibility of uéing the Taiwan example as one
- possible pattern of water user cooperatives. 'Iﬁ does, however, point out
that, without strict control or strong leadership, successful water user
cooperatives may be difficult to formally establish in areas which do not -
have a history of successful cooperatives (Duewel, 1981, p. 15).

In his analysis of ten waterCOursesvin Pakistan; Sparling (1981a)
found that‘a history of cooperation had a positive impact on the quality
of maintenance. This supported his hypothesis that a group which has
organizéa, and is providing collective goods,’has mbre»ét stake and the
nembers. are more likely to understand the &egenerative effects of "free
rider” behavior. - Past cooperative activities can be expected to reduce the
difficulties involved with establishing watercourse organizations.

A relatedbmajor éoﬁéern is how far control by a national agency should
-~ extend aown*the'irrigation system. At what point in time and space can the
farmers take charge of the water? .In the case of large systems'conétructed by
the government, farmer cooperation in irrigatioﬁ-may be :estricted to their own
immediatg communities. The déy—to—day management of ;he main system is proBably
best in the hands of the technidally capabie and impartial governﬁent'or quasi--
go&érnment agency. Ideally,,this.aéencf'should be responsive to farmers' needs.

In fact, farmer representatives should participate in the development of each
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season's water allocation and in thé evaluation of the agency's day-to-day
performance. The farmer'representatives should include a majority of tail-
enders and small séale farmers (Bottrall, p. 202).

In smaller systems and in places where the farmers' management and
technical capacities are weil developed, the level of farmer cooperation in
irrigation is much higher. The existence of irrigation associations of farmers
- is a key ésset in'improving farmer cobferation in irrigation. In féct, a system
.could be developed fo a stage where the'government turns the water over to the
irrigatién association'at some pdinﬁ in the system. It is likely to be dif-
fiCu1t for’farmers to take ovér'much'responsibility without an organization
which-cén internalize:the indiviéﬁal externalities involved in.wéter‘allpcation‘
and canal maintenance. This externality problem will be highlighted intthe next
section in the discﬁssion of the distribution of irrigation benefits among head-
énd and tail-end farﬁers. |

‘De los Reyes (1981) condﬁcted a study of the organization and management
of Philippiné communal gravity irrigation systems. She discovered that the
nature of groupingsvwhich_farmers adopt, and the ways in which they managed the
irrigation, ﬁary with system giZe. The smaller thevsystem, the’more loosely
organizedlwas ﬁhe organizationvmahaging it. In addition, the methdds of
managgmenﬁ%vary wi;ﬁ system size. _Allocétion procedpres and éystem maintenancé
are gréatef.tasks'fbr larger schemes. Therefore,‘mofe complex>me£hods are
required tb handle these tasﬁs in 1arger‘irrigation projects.‘- |

The ﬁost frequenély éited,reason’for the failure of'communal,associations
was finapcial mismanagement (Dé los Reyes, 1981). Tubpun's study (1981) of

tanks in Northeast Thailand found that a lack of funds was préventing farmer
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organizations‘from‘playing a more important role. Radosevich and Kirkwood
(1975) recommended that farﬁef organizations in Pakistan be éllowed to levy
assessments for the operation and maintenance of watercourses. Duewel (1981)
found in two lowland irrigation systems of central Java that a variety of sour-
ces were ugsed to finance irrigation. Membership fees, water charges, special
levies on‘land owners, village funds and revenues from village lands were all
used to improve, maintain and operate their irrigétion systeméa Both villages
mgde ma jor effdrts to estéblish a sound financial footing for their irrigation.
Tﬁis whole question of methods for financing and financial management needs to
‘be.addressed if farmer organizations are to be effective on a wide scale.

~ As mentioned earlier, compatibiiity of the incgntives for the managers of
tﬁe irrigation systems and the farmers can be an important factor in efficient
and equitable allocation of water. Abel (1976) concluded from his study of
" canal irrigation in Taiwan théﬁ one of the important factors upon which the
effiéiency of the irrigation depended was the use of maﬁagement incentives.
In Taiwan's case the irrigation associations were made up of the farmers who
operated the irrigation system themselves. The irrigation associations.hired
and fired managers at their diécreti§n. As a result of this relationéhip, good
managérs were usually'réwarded'whereas poor managers.wefe penalized. This added
to‘their management efficiency which resulted in bettgr irrigation service.
This, in turn, enhanced the users' willingness to pay water charges and to
gontribute labor to thg maintenance of‘the system.

Svendsen (1981) suggests that two considerations are necessary for farmers

to érganize and manage tﬁéir water collectively at the tértiafy level. First,
the water supply at the tertiary level must be scarce or 1imi£ed. Seéond, the

supply must be fixed in that it cannot be increased by appeals for more water by
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local irrigators to government‘officials. These finds are consistent with what
’Palanisami and Easter, 1983, found in their study of ten tanks (small
reservoirs) in South India.

'Hutapea, et.al. (1976) reyiewed the historical development of four farm
level.ifrigation management systems in In&onesia. They found that the natufe of
village values and leadership and the extent of economic and social disparity
within villages'influenced the effectiveness of farm level irrigation services.
Local organizatious in communities with wide economic and social disparities
were less effective. It seems that in cases with wide disparities, there is a
danger of‘cunfliets of interest -among village leaders who seek to improve their
personal weifare,at the expense of the community. They suggest thet to atte-
_nuate some of these problems local officials should be elected rather than
appointed. Also, they should‘be paid by means other than compensation from the
harvest of village owned iand. If we follow Abel's suggesuion, they should be
paid by:the farmers who receive the water. |

Hutapea, et.al. found ﬁhat‘command areas often do not coincide with village
boundaries because of topographical features. In cases where these boundaries
do coxnc1de, 1rr1gat10n systems are easier to manage and confllcts ere less
likely. Therefore, it appears best to establlsh irrigator groups so that their
jurisdiction approaches that of both the village government and the command area
as nearly.as'possible.b'The queStion-is'ﬁow to do this and what are the cost |
1mp11catlons of such restructur1ng7 In'uany cases restructuring is not feasible
and ene must concentrate omn. creatlng institutions which can functlon with two
sets of boundaries. |

Coward (1977b) discusses irrigation management alternatives Based on cases

of indigenous irrigation systems which exist around the world. He identified
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several. factors common to successful management‘organization. In building
organizations for the terminal irrigation unit, identifyiﬁg and keeping adequate
leaders is often a problem.b According‘to Coward, traditional irrigation leaders
serve ielatively small groups of’water users, are selected by the local group
which they sefve, and recéivevcompensation directly from those they serve.
Another féctor, which was common tobsuccessful indigenous organizations, was
-that many of these small systems were further divided into smaller sub units
with their own set of local leaders té operate tﬁem. Finally, Coward found that
‘ irrigatiqn»associations in,these indigenous systems were established along the
lines of the irrigation community whicﬁ was not necessarily one and the same as
the village community.
| Lowdermilk, et.al. (1975) recommend that farmers be given incentives to
orgénize for improving‘water.delive:y. These incentives would range from
speéial assistaﬁce tojfarmers who have organized and‘ﬁade improyements to legal
institutional changes. ﬁoth the irrigation and agricultural departments should
be involved in providing the incentives.

Numerdus authors have found that a major comstraint to the efficient and
" equitable distribution of water is the absence of knoﬁle&ge about irrigation
teéhnology (Abel, i976; Johhson, et.al., 1977; Lowdefmilk, et.al., 1975; Khuspe
and Sawant, 1979; Sam and Chaubey, 1975; Thorntomn, 1975; Wade and Chambers,.'
1980). Tﬁey emphasize the_need,for effective information systems that will
 permit the exchange of‘agronomic and water évgilability information between the
users of water and the managers of the system. 1In most cases this requires an
agricultural éxtension serviéevand regular training sessions for farmers and

agents about water use technology. Extension provides a way of combining some
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of the information disseminating efficiency of centralized control with the
efficiency of decentralized decisions concerning special 1oéal situations. 1In
addition, there must be some way of integrating and coordinating the activities
of the agricultural‘extension service and thoée managing the irrigation system.
Without the institutions for coordiﬁation, irrigation improvement will be hard
to achieve.

The literature is Quite consistent in identifying farmer involvement and
decentralized.decision‘making as the two major issues. How do we get infor-
mation and technology to the farmers and how can the farmers' management abilityv
be used. in dist:ibuting water? One of the preconditions for farmer coopera;ion
andvorganization is ﬁater sparcity. Small units within large systems of‘émail
projects seen fo be better éble to develop cooperative irrigation. A past
history of coopefation is also helpful és is a reasonably equal distribution of
ecoﬁomic‘resources among‘irrigators.' Village or group leaders and some con~
tinued source of finance are impoftant to the success of a farmer's organiztion.
'Finally, different methods for involving farmeps and disseminating technical
information need to be tried and tested under a vériety of cultural and physical

conditions.

Distribution of Benefits

The final lgﬁelkof institﬁtions‘to be comsidered are those WHich directly
affect ﬁhe distribution of ifrigation benefits. Factors that difectly affect
the dis;ribution of‘irrigation benefits include the location of a farmer's
fields along the irrigation.watercoﬁrse, the nature of land owﬁership water

rights and land tenure as it affects water users.
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A number of studies have found that farmers whose fields are most distant
from the source of water frequently have the leost secure water supplies. As
the distance between water source and field increases, there is a greater cumulative
effect of seepage and evaporation losses from delivery channels. There is also
greater’possibility for iotervening irrigators to disturb intended water distri-
bution as'water.flowé from head-end to tail—end-fields} The solutions suggested
to alleviate this proolem of location inciude strict water control, rotations,
bettervmaintenance'practices, canal lining, land leveliné, lénd reform and
measuring devices at the end of canals and ditohes.

Bromley, etfal. (1980) reportéd that wi;h many large irrigation systems in
Asia, the.pattéro of water distribution favors the farmers at the head-end of the
system. Farmers successively‘more distont fromvthe main intake receive
correspondingly less water. Decreases in water availability also occur along
branch canals and distribution canals'(ﬁolfe, et.al., 1979, Wickham and Valora,
1979§‘Tabbal and Wickham,v1977), The reasons afe numerous: poor canal main-
tenance,vtoo large a command area for water available, water stealing, etc.
"Conclusions‘drawn from the field study areas fullyrsupport evidence from
elsewhere fhai serious deficiencies in water distripution practices are
widespreéd in.developing countries. In mostvoasesra substantial proportion‘of
overall inefficiency of water use could be attributed to shortcoming in main
oystemvmanagement. Head-reach farmers were taking far more than their share of
water onvcanals offorga two and three, leaying tail-reach farﬁers with insuff

ficient and unpredictable supplies" (Bottrall, 1981, p. 13).2/

_ 5/ There are several studies that have failed to find any yield
differences between farmers at the head-end and at the tail-end of the
canals (Taylor, 1981; Tubpun, 1981). Tubpun felt that differences in soil
quality may have masked the locational differences. Taylor found that
infrastructure intensity did not necessarily improve water distribution
equity.



29

Bottrall (1978) believes that radical changes in the structure of land
owne:éhip would have to accompany improvements in management and design so that
benefits of.development could reach the poorest farmers. Case studies of areas .
that have experienced land reform aré needed so that their influence on irri-
‘gation can be determined. Knoﬁledge derived from such study could be used to
design'and implement land reform programs before projects are constructed.'

Another aspect of the distribution of benefits which has been missing
from the literature on irrigation is the impact on landless labor and input
suppliers. Work done by Adriano (1981) in the Philippines is an exception. She
.estimatéd the income distribution among four classes of earners: landlorxds,
hired lébor, farm operator, and input suppliers. When she gbmpared their income
shares for rainfed and irrigated farms, she found thét hired labor had a-
decreased relative share bﬁt an increaéed absolute income on irrigated farms.
The input supéliers aﬁd farm operators had increased relative shares while
landowners-ﬁad decreased relative shares. Also,‘there was a decrease in family
. labor on the irrigated farms but an increase in hired labor.

She conclﬁdes that "commonly cited direct benefiéiaries of irrigatiqn
infrastructure, fhe éﬁall rice farmeré and thé landless hired laborers, are
tfuly Beneficiariéslin terms of absolute income shares. Sdcﬁ iﬁcreases ih
" absolute income shares would not have occurred in the absence of an increase in
output due to irrigation. In totél, the sﬁbstanﬁial increase in the abSOLute
share>of the income of labor shquld not be over-shadowed by the decrease in the
relative income éhare of labor” (Adriano, 1981, p. 26). |

Lazaro, ét;al. (1977) reported that if equity is an important objective

in irrigation, it will require deliberate attention. They identified three
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'approaches that emerged from the seminar discussions. First, concentrate new
irrigation in areas where farms are sméll and farmers are poor. A strategy
that emphasizes small-scale irrigation development would seem to contribuﬁe
towards.this end. Small-scale projécts are usually found in rather remotely
located areas where economic differences among farmers tend to be small and
where econoﬁic development efforts usually feceive low priority. Indonesia's
program of small-scale sederhana irrigation may provide a‘contemborary illustra-
tion of such an appfoach .

| Second, ensure "that the views of disadvantaged irrigators receive
recognition iﬁ irrigation décision-makipg oo Identifying precisely whd the most
disadﬁantagéd ére,'and exploring ways of guaranteeing their rights in decisions
on the design of further infrastructure or allocation could contribute to
ensuring greater equity in the distribution of water ..."

.Third, analyze "the distribution of'benefits'from alterﬁaﬁive’irrigation
strategies. Relatively litfle emphasis seems to ﬁave been given to eiamining
the effects of irrigation development on income distribution. Since such
effects are of growing national concern in Southeast Asia, their empiriéal exa-
mination Qould seen of‘high priofity" (Lazaro, et.al., 1977, p; 11).

‘Aithough thé research findings suggest that locatién; water rights énd land
ownefship can adversely or positively influence water disttibution, additional
'énalysis is needed to impress upon decision makers the importance of these
- institutions and to show where changés»are needed. Pdorly managéd systems will
have tail&enders shoft of water;’ Irrigation projects with large differences in
farm sizes will hdve an uﬁequal distribuﬁioﬁ of benefits._‘Uncertain lana or
watef rights will preveﬁt farmers from making investments.to imﬁrove their irri-

gation. Yet, it is difficult to change institutions once the project is

completed. The trick is to make the needed changes before water is delivered.
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Water Pricing

' Rules and procedures for water prices or charges on institutions will
affect both the distribution of water and benefits. Charges for water can
éerve as. instruments to resélve some -of the conflicts related to the equitable
distribﬁtion of irrigation services; In addition, water pricés can help
improve the efficiency of water distribution. A number of autﬁors, including
Patel (1977), Neghéssi_and Seagraves (1978), Doppler (1977), Easter (1980),
Dhawan (1974), Asopa (1977), and Torres.(1973), defend the need for water
charges to meet the objectives set forth by the government of agency responsible
for implementing aﬁd operating irrigation schemés; Government objectivesbfof
levying water charges uSuélly inclﬁde’recovering some or all of the cost of
providing water and influencing the allocation of water over time and among
farmers.

There are‘at>least'six general methods by which wéter charges cén be leVie&’
to cover the fixed and/or variable cos;s of the.system: (1) direct charges
basedkon measured volume of water; (2) direct charges per share of the stream
or canal flow, or per irrigation; (3) direct charges‘per acre irrigated;
(4) indirect cﬁarges on crop outputs marketed or oq_inputs.purchased such as
‘fertilizer; (5) development rébates bf-promotional'watef charges; aﬁd (6)1a
general lana_or ptopert? tax. Each method has its own set of appropriate v
conditions (Seagravéé and Easter, 1982).

Volumetric chafges are only possible if water deliﬁered to_farmers
can be measured. vCharges based on sharés recéived is best suitedvfor rotating
irrigations where water is delivered to the users along a éanal in turns.

according to some prearranged schedule. Charges per acre irrigated are best
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suited fo: continuous flow irrigation, where water flows continually in.the main
canal and farmers are free to take whatever quantity they néea. ~Indirect
charges are used when ease of collectiqn is an important objective. Development
or bromotional fees are used to encourage greater water utilization with lower
fees at thé start ofvavproject. Finally, taxes or fees levied on all lands and
property in the irrigated area are used when the qBjective is to distribute the
cost of the_project among all direct beneficiaries. The idea behind this tax is
that irrigation increases economic activity throughoutvthe area and, therefore,
everyone should pay for the benefits (Easter, 1980).

_Distribution_systems for ;ervices such as wéter‘are often described as
nétural monopolies because 1érger volumes result in lower unit costs and it
would be wasteful fo have competing systems serving the same custoﬁers. Many
econbmists argue that society should regulate the prices of such natural
monopolies,ﬁsing'mafginal cost‘pricing. The water price should be set to equal
the long run marginal’cost (the average total cosﬁ of the newest‘projectj when
the demand for water is éXpanding and the present facilities are fully utilized.
A short run marginal cost shopld be used if facilities are used belowbcapacity.
In this case thé ﬁrice shduld_be equél to the short run marginal costs of deli-
© vering water which includeé'only the operating and maintenénce costs (Seagraﬁés'
and Easter, 1982). . |

Bothvnatioﬁal govérnmenté and international agencies are deeply concerned
about policies for pricing irrigation water particularly in terms of repayment.
Yet many problems exist in implementing a éystem of water‘charges. foicial_
rates of irrigation assessments do not reflegt actual payments. Water charges
éannof be expected to provide incentiﬁes for moré efficient water use.unless

they are assessed in relationship to the quantity of water used. Policies for
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financing irrigation projects'should take into account the full range of
irrigation beneficiaries from land owners to local businessmen. Water rates
need to be decided within the context of overall government agricultural
development policy which may involve food subsidies or taxes on farmers
(Lazaro, Tayler and Wickhaﬁ, 1977).

Small (1981) reports that farmers are more 1ikely to pay»specific fees
for specific purposes rather than geﬁeral water fees. .This,‘he argues,
suggests a strategy of local collection and utilization of fees. "In some
communal irrigetion systems, several diffefent fees for specific purposes
have been established. Although this adds complex1ty to the process of
collectlng and - acc0unting for the funds for irrigation, the farmers 1nvolved
apparently feel that the benefits associated with the greater incentives for
payment outweigh these problems" (Small, 1981, p. 7). |

Doppler, 1977, suggests fitting the pr1c1ng system to the conditions facing
a perticular country and project. He argues that the pricing system should
change with development. Indirect water charges coupled with close administra-
tive,eentrol over weter diSttibution should be used in the initial phase of a
ptoject when farmers‘ere iﬁexperienced in-irrigation. As farmers gain more
-exeerieeee, thevSYSfem could.be converted to a system ef flxed and variable
water ehargesf In more highly industrialized countries; water prices can be
basee on equilibrium ﬁrices; He thinks that variable water charges should be
based on the benefit priciﬁg pripciple; This, however, ignofes the difficulties
" caused by the high yariébility»of ifrigation benefits among farmers and, there-
fore, the possibility of large price differences among farmers.

Taylor, 1976, argues that both the direct and indirect beneficiaries should

help pay for irrigation projects. He feels that project repayment ought to be
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beneficigries. "For example, direct taxes may want to be assessed against
direct beneficiaries and production-related indirect beneficiaries, and
indirect taxes against the general consuming public who enjoy larger quantities
of cheaper food as a result of irrigation (Taylor, p. 81l). He strongly believes
that any search for a set of general financial policies for irrigation in Asia
wili always remain an enigma.
_Although there is much support by economists for the use of some form

of water charge to ensure the efficient and equitable distribution of water,
such a charge is impractical without the necessary infrastructure to accompany
it Rules,havé to bé made and the prices for water and irrigation serviceg
eétimatéd. ~An organization‘is required to determine and enforce these
regulations and collect the charges. The inability to collect water charges
from higher income farmers has 1éd many to argue against water‘charges of any
kind>in develqping cogntries. Sdme type of'volumétric measure of water ..
delivefed is also ﬁecessary if water pricing is to help improve'water‘allocation,
>which requires devices that are of;en expénsive and thus prohibitive in many.
schemes. A poSsible solution to this dilemma is tO’lbcate measuripg devices at
‘the head of each branch canal and to charge a "branch qanal water users'
aséociation“ an aggregate fee for water delivefed to that point.‘ This would
necessitate;strong 1¢adershipkand effective organization in the form of a formal
or informal water user association. They would'bg responsible for delivering
the water in the branch canal and for colleéting the fees from éach user.

Research is needed to determine'what typeé of pricing sys;ems are feasible
and what impact they have on water use, i.e., the price elasticity of demand for

water. Under what conditions would an aggregate fee charged to water users'
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associations improve water use efficiency? Are there other methods of reducing
water measurement costs and giving more responsibility to farmers? In many
cases the best that can be achieved is to collect enough fees to cover operation

and maintenance costs.

iRRIGATION>INVESTMENT ALTERNATIVESk
The literature on the evaluation of irrigétion investment is more extensive
than any other area of economic investigation of irrigation. However, this
literature focuses on individual project selectién, i.e., cost—benefit analysis.
A ﬁumber of the broader'questioﬁs concerning irrigation investment have not
received the same.attention. These broader questions involve trade-offs among
different types ofvinvestmént.

Lévine (1980) Suggests five such choices: government vs. private irfiga—
tion projects; wet—season 1rr1gatloﬁ VS year—round irrigation; irrigation vs.
rainfed production; expansion vs. 1ntensification (rehabilitation) of
irrigation; and large scale vs. small scale irrigation. Of these five choices,
the first three are of lessér importance than the last two for future researgh.
In the first questlon, the case of government vs. private 1rr1ga£10n develop-
ment, optlmum use of water usually requires some government lnvolvement.' This
may range from credit for prlvate tubewells to actual construction of canals
~ and dams. The mpstvimpcrtant question is what mix of private and governmment
invblvemeﬁt is Best for a gi§en projeét? In the case of tubewells, research
findings suggest continued heavy private involvement. The majbr exception is
when there are probléms of overpumping and well interference, which may require

government regulation of well spacing and/or pumping rates. It is also possible
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that water user organizations could be established to regulate use. For large
reservoir projects, there is no doubt that government must.take the lead in
constrﬁction.and management. But interaction among farmers and the government
both in design and management of projects is the critical issue. <Currently, in
much of South and Southeast Asia there is too little fafmer involvement in
design aﬁd management .

In the second question, the trade-off between wet season irrigation and

year—round irrigation is not as important an issue as it once was. With

' the development of high yielding varieties‘and improved farming practices; the
.retﬁrns.to dry season irrigation'have‘jumped. Although wet season'irrigation
'Qgce was the only Qay'to provide insﬁrance agaihst droughts, other methodé[are‘
now available, i.e., short—terﬁ food distribution programs and reserve stocks.
In much of‘South-Asia, after a large intensive irrigétion project with numerous
canalsfand tertiary channels has been éonstructed, it is an edonoﬁic waste not
to grow at 1east two cropé per year in the irfigated area. Returné in the'dry
season will tend to be‘higher than in the wet season because of generally lower
pest damage, higher solar radiation, etc. With two crops per year the irriga-
tion system is likely to have a high rate of return while_with'one wet.season
érbp the project will‘likely be marginal aﬁ'best.

Uniess the size7ié dictated by physical considerations,'the question still
remains of how large'éhbuld the ifrigated area be. Althoughreconomics may
favpr a small are# ﬁifh tw0'cf6ps per yéar, a case can be made on an equity
basis for larger irriga;ed areas and one season irrigation. Thus, the question
of‘wet seaéon vs. year-round irrigation is partly a concern for the trade—off
between economic efficiency and equity.

A relaﬁed question is that of the intensity of irrigation water application.

As pointed out above, many farmers, particularly those at the head end of
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irrigation systems, tend to use too much Qater. The last cubic meter of water
yields very little in crop production. 1In addition,‘these'farmers grow high
water using crops such as rice and sugarcane. Thus, there is substantial
potential for considering less intensive water applications (Taylor, 1980, p. 57).
This could éllow either the expansion of the command area or the irrigation of a
second,érop.

To determine what the watér application intensity should be will require
extensive research. "Our consideration of irrigation water application inten—
'sity involves examining‘crop produc;ion responses to different levels of water
_épplicatién, and the returns to water from rice vs. from upland crop production”
(Téylor; 1980, P 57).v Ongé this re#earch is completed,.the findings can be
used to help design, rehabilitate and manage irrigation systems. For to be able
to reduce water inteﬁsity in many existing systems‘will require better water control.

| The third question,'goncerning ifrigation vs. rainfed agriculture, carries
with it thersame‘implied effi;iency-equity trade-off as the wet seéson VSe
year-round cropping. The argument is fhat we should be iﬁvesting more to help
the éoor rainfed fgrmers and less to help the higher income irrigatgd farmers.
This is an issue when a goverﬁment is allocating its budget.between crops.
research and.large scale irrigation projects; The ansWerAseems clear, that
governmenté in general have already investedbtoo much on large irrigation
schemes relative to agricultural research. On the other hand, there are many
areas of the wofld which willinot be able to increasé agricultural prodﬁction
without improving existipg'irrigation or'building new irrigation projects.
The investmént problem is a micro one of comparing alternative investmentsvin a
giveﬁ agro-climatic and cﬁltural gituation (Abel and Easter, 1971). The’

question is how best to invest in both irrigation and rainfed agriculture.
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This will require continued planning and evaluation of agricultural production
altérnatives.

The two remaining issues are the most important for reseérchers trying to
make a contribution in irrigation investment policy. Governments and ihter—
national lénding agencies are asking whether irrigation investment éhould be
large scale or small scale and>whether the emphasis should be on new projects
(expansiﬁn) or on rehabilitation (intemsification) including development of

drainage and terminal infrastructure.

New Irrigation vs. Rehabilitation

Leving points out that expansion df ir:igation through new-systemé has its
bspecial appeal. "New systeﬁs present a sign of progfess that has strong
political appeal, both internally and externally; and which may have a more
general psychological value.i Potential benefits may be more éasily identified
and the reéuisite technical skills more easily mobilized tﬁén in the improveﬁent
of existing'systéms, particularly when new means large: scale and external
resources, both financial aﬁd technical, are available. High quality central
design‘teams can be obtéined and.concentrated construction operations can be
managed mofe,éasily".(ieVine, 19803.

Althgugh‘rehabilitation will improve the water use efficiency within each
scheme that is rehabilitatéd, the benefits from such rehébilitatidn will be felt
mainly by those farmers within the scheme. 1If the rehabilitation results in
gréater watgr delivefy, the command area of thg scheme could be enlarged which
Qoulq benefit more}farméfs. There are also éositive Secondary impécts which
might be feltvin the local ecoﬁomy from rehabilitation but‘mostvof the beﬁefits

will be received by the farmers in the scheme targeted for rehabilitation.
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Yet deterioratibn of physical irrigation infrastructure is one of the key
‘constraints prevehting many past investments in irrigation from reaching their
full potentiai. The returns from rehabilitation appear to be high enough so
that they can no longer be ignored (Bottrall, 1981). Investments in canal
lining, land leveling; control structures, field ditches, measurement devices,
etc. increase the water deiivered to the fields and provide for a more efficient
water utilization. Also as suggested above reﬁabilitatién will be necessary in
. many systems.if water use intensity is to be reduced.

Hayami and Kikuchi (1978) found that the spread of high-yielding varieties
in'thevPhilippines increased the relative advantage of improving the irrigation
infraétructure over opening new land because high-yielding vérietieé perform
better under controlled irrigaﬁion. In contrast, under poorly controlled
irrigatioﬁ, local varieties were superior. |

Few studies deal directiy with the rehabilitation vs. new projects issue.
‘Most consider oniy the Qalue of individual‘programs or‘alternaﬁive types of
rehabilitation. Kandiah (1978) criticizes the practice of the Sri Lanka govern-
ment of investing huge capital outlayé_exclusively in large development projecté
with liftle or no attention given to the individual»farmers' management practices
He contends that part of the ipvéétment for irrigation must be devoted to
teaching the farmers iﬁproved management practices andvanother part to the
leveling, terracing, bunding;vand drainage at the field level. |

Sharma (i972)vagrees with Kandiah and suggesﬁé four key means of imprbving
farm’itrigation efficiencies.‘ The first is the creation and improvement of
physical facilities, including land leveling, improving the water conveyance

system, providing water measuring devices, installing control and distribution
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structures, and developing the water source- -to provide a more assured water
supply. The second is adopting suitable methods of water application, such as
adapting the irrigation method (sprinkler, surface, or subsurface) to the crops,
soil and slope of the land. The third is management improvement by proper
operation of the system, or more specifically, the application of water at a
rate determined by the water holding capacity of the soil and crop needs.

The fourth is the extension of‘écientific‘techniques of water management,
including up-to-date ihformation on the frequency of irrigation, crop Varieties,
fertilizer appliéatioﬁ’rates,.and peSt'and‘disease problems.

Johnsoﬁ, Hussain, et.al. (1977) evgluatéd the économic returns to invest-
ments in land leveling in Pakis;an}‘_Their study showéd a benefit—éost ratio of
1.62 for.investment to upgrade.traditional 1énd leveling to a precision level.
Their findings implied increasing returns to added investments iﬁ lana leveling.

'Khattak,’et.al..(l981) studied the effect of land leveling and application
of fertilizers on‘the physico—chémical properties of soii, water use aﬁd yield
of wheat. They;found‘that leveling significantly incfeased phosphorus,
exchangeable‘potassiuﬁ and the infiltration capacify of soil.  They also

attributed a saving of 34 to 47 percent of irrigation water to leveling.

Some of the prbblems'associgted with inefficiencies due to aliack_éf water
control at thé.field.level méy belal1eviated by‘investmeqts in syéﬁem redesign
an& control structufes; Easter (1977) and Kuma? (1977)»evaluatéd\é pilot
‘pfogram in’India designed to improve.existing flood irrigation éyétems by
constructing farm ditches. The design enabled each farmer to coutrol the flow

of water onto his fields without affecting the flow to his neighbors' fields.

The program was found to be highly éuccessful in increasing the area under
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irrigation, the cropping intensity, the production per acre, and the returns per
aéfe.

Returns on investment in terminal systems will depend on the number of
farmers served by an outlet. If only one or two are served from each outlet,
the farmers can be expected to adequately allocate the water beyond the outlet.
They will benefit diredtly from improved allocation and government investments
in terminal system improﬁement is likely to have low returns. However, if 5 to
20 farmers are served by the same outlet,kas Easter and Kumar found, individual
férmers do not receive all the benefits from improved water alloca;ioh. ‘Farmers
impose externalities on other farmers served from the same outlet. 1In such
cases outside aséisfance and funds maf be necéssary to improve the terminal
system and should offer high pay-offs. - Because of conflicting interests, it is
likelj to be difficult to get farmers to build their own terminal system below
the oﬁtlet. Water will tend to‘be distributed unevenly among farmers and some
farmers will benefit’ﬁore than others from terminal system improvements.

Other stﬁdies evaluating the rehabilitation of existing infrastructure in
Asia include,Hafid and Hayami (1979) and Taylor (1979). Hafid and Hayami
examiﬁed the impact of national subsidies for rehabilitation on two small-scale,
,.river diversi0n irrigation projects in Indonesia. The réhabilitatioﬁ involved
the fepair and raising of the height of diversion dams and thé lining of some
canals; ‘Their study shows that the subsidies‘were'substantial inducements to
the mdbilization of local fesources, énd that as a resﬁlt, high rates of return
were achieved from the rehabilitation. |

Taylor studied the rehabilitation of the 274,000 ha. river-diversion Pekalen

Sampean irrigation project in East Java, Indonesia. This rehabilitation
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primarily emphasized desilting of channels and the repair of water control
structures rather than the restoration of original water—diversion capabilities.
In this case there was no immediately observable iﬁpact of the rehabilitation én
production, perhaps because the rehabilitation did not improve the project's
waﬁer supply by increasing its water~diversion capaciﬁy, There was a shift
in cropping patterns towards growing more rice which substantially increased
employment. In addition, one has to question the estimated net returns for
irrigated'crops whicb wereilower than the non-irrigated returns for three out of
the four crops considered.. 1f farming.conditioﬁs were truly comparable then
why would farmers irrigate if it 1oweredvtheir net retutné?. |
Another question is the frequency of project rehabilitation. Could

periodic rehabilitation effectively substitute for a more frequent écheme of
énnual mainténance? A major rehabilitation every ten years might allow projecf
redeéign whiph would make it more suitable to current farming COnditions.liAn
irrigation system designed to ﬁrovide only supplementary irrigation might be
E fédesigned to better meet the demands of high yielding crop varieties.  The
benefits gained from such a redesign must be‘Weighted against both rehabilitation
cost and .net income lésses during the lO-year period of inadequate anﬁual
maiﬁtenance. The net incohe losses should be adjusted fér fhe-costvsévings
from the reduced maiﬁtenance expendftures.

Thé tra&e*off between‘new irrigation schemes and rehabilitating ekiéting
schemes is~anothef invthe series of equity/efficiency érade*offs inherént in

irrigation'development.é! The literature suggests that we have probably errored

6/ New irrigation projects means that additional farmers will receive
irrigation benefits while rehabilitation primarily improves the income of
farmers who are already obtaining some irrigation water.
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errored on the side of building too many large irrigation systems too fast.

More now neéds to be invested in rehabilitation and improved management «

Howeve:; research is needed to help guide the plannerskin these investments.

The work of Taylor, Johnson, Easter and Kumar needs to be repeated in other
areas and under different conditions. In addition, other investments in systen
rehabilitation need to be analyzed in the same manner as the above authors
aﬁalyzed caﬁal lining and constructionkof farm ditches. For example, what are
the net returns_from investing in alternative types of on—farmbwater development .

programs?

Large vs. Small Scale Projects

Many countries must make choices as a matter of policy‘between.large and
small scale irrigatibn systems and concentrated vs. dispersed systemé. Most
countries cannot dévelop all viable irrigation supplies at once. vChoices must
be made between concentrétion of investments in limited areas, as is often the
case with large scale projects, and investment in small or medium scale
projects scattered throughout the country. Often, some aspects of a system can
be large scale (diversion, storage and main canal), while other aspects can be
small.scale (serVice distribution, controi and management systems). .

vThe Asia Developmeht Bank has idéntified small irrigation projects as .

a high priority.‘ The'ﬁeputy Director says, "the Bank has been p#rticuiarly
intefgsted in irrigation projects which aie small in size, quick in yielding
egonbmic benefits and which use appropriate technology suited to local
conditibns, rather than costly and more time-consuming projects requiring high

technology —-— such as large dams' (Takase, 1982, p. 8).
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In some countries or regioms there are relatively few siteg for large
muiti—purpose dams and the best ones have already been used. In addition,
irrigation agencies may not consider thése few large projects to be alternatives
to a series of small scaie projects. "It does seem 1ikely, however, that»in>the
long run the availébility‘of funds for these large projects will be influenced
by their expected pefformance relative to the likely performance of smaller
§roject§'(8mall, 1982, p. 3). Even in countries with little potential for lérge
~projects, there will be a concern for the performance of smaller projects
relaﬁivé fo medium sized projécts. | |

Maﬁy countries as a matter of policy may opt for small irrigation projects
 in order to spread irrigation investment throughout the country. Smalier irri-
gation systems can,be more rapidly developed and utilized. Local capital ana
labor reséurces can be‘more fully mobilized with sméll projects. Small projects
minimize adverse énvirénmental impacts and allow for adjustmentsvﬁhen it becomes
,apparenﬁ that there .are unforeseen impacts and cbsts{ The poténtial for
inﬁolvement‘of the local community in system operation and mgintenance is
greater with small projects (De los Reyes, 1981).

.Largevprojects are 1ikely_t6 involve ifreversible changes which mean-
investments should Be postponed while more information iS'collected concerning
likely 6utcomes. In other.words, quasi-option valﬁes are ‘involved due to

irreversibilities and uncertainties concerning the project‘—! This

7/ There is a quasi-option value to refraining from development even
on the assumption that there is no risk aversion, and only expected values
matter. The passage of time results in new information about benefits of
alternative uses of an environment, which can in turn be taken into account
if a decision to development is deferred. '
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suggests that a more conservative decision~rule.should be used to select
latge projects as compared to small projects (Krutilla and Fisher, 1975).
However, there is little or no research to guide decision makers con-
cerning what the decision rule should be. |

On the other hand, large projects hold several advantages. (1) Large
projects frequently may be necéssary for the effective utilization of a
.relatively large but variable water supply. (2) Large projects may permit
more efficient and effective use of limited managerial and teéhnical skills
" by drawing these people together to work on the same project. This advantage
could be quite different if'farmers are heavily inyolved in the operation and
mainﬁenance of the small scale projects. (3) Large projects permit more
eéonomical use of physical elements of the system such as étorage, diversion,
and conveyance capacities. In other words, economies to scale are likely to
“be present. (4) Large projects are more easily financed‘becausebit»is easier
to obtain external financing for large projects than for suall ones. '(5) Large
projects generatg major benefits such as employment for skilled and unskilled
workers dﬁring the construction peribd. Yet this employment is only temporary
and. can also cause problems if it disrupts wages and'occupational choices.
Governments have ténded to choose the large project route to irrigation develop—
ment. However, there is a growing feeling that small projects provide greater
‘6pportunities for ‘equitable distribution éf benefits; and a greater return
- per hectare orvcubic meter of water available. They also involve less
resettlement. | | |

Oﬁe method of modifying the adverse impacts of large scale‘projects

is to stage the deVelopment. Different parts of the projects are added as
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funds and information become available or the need for more irrigation
increases. Howe (1971) suggests that there are three conflicting factors
that enter into the decision on staging: "(1) It pays to build large
vincrements to the system because there usually are cost savings (economies
of scale) involved in increasing éroject size. (2) The commitment of
resources to a éapacity that will not‘be used for a long time is costly.
It pays to defer‘investments as long as possible since future costs are ﬁore
heavily‘discounted‘than pfesent costs. {(3) Méintenanée of flexibility is
important”™ (Howe, 1971). | |

"What is desired is the timing and sizes of additions to the system
that will meet the demaﬁds at‘a minimum present value of all costs. In
some problems, permitting shortages to occur but attaching a penalty to
any shortage makes sense. In general, an optimum solution to thése
'squencing prdbiems is difficult to determine” (Howe, 1971, p. 91). The
solutions involve estimating the present value of the entire sequence of
costs and benefi;s whigh are tested under different assumptions. Unfortunately,
large projects must be evaluated under significant degrees of ignorance.
Therefore, there is a real potential for sizable uninteﬁded conseqﬁences which
is anotber reaéén to favor the staging of ﬁrojects or smalliprojecté. Finally,
sﬁaging,allows a process of increﬁental learning to take place, leaving more
 5time~f§r training of irrigation personnel énd farﬁefs.

In mény caseé, large ifrigation-projects‘are conpleted in stages
but not_ﬁlways by design. For exampie, the Chao Phya River Basin Qas‘
deﬁéloéed in three phases. “The first involved the construction of the

Chainat diversion dam and the primary distribution network; the second,
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the construction of the Bhumiphal and Sirikit dams and reservoirs to
provide dry-season irrigation;'and the third, localized on-farm consolidation
and development” (Trung, 1976, p. 155). |

Puttaswamaiah (1977) conducted an economic analysis of major and
minor irrigation projects in India. He found that lafge projects often
require large public investment in selected areas which benefit‘:elatively
few people. Minor irrigation schemes generally involve lower ihvestment
costs per héctare and are favored'beﬁause they have relaﬁively slower
depreciation and lower operating expenses‘than large projects. He also
found that the time gap betwgen creation and utilization of irrigation
potential is substantially less fof minor works than for major and medium

'projecté. Finally, he determined that because of the inefficiencies in
water‘delivery,‘actual irrigated areas in many of the larger projects are
substantially less than thé potential suppésedly created by thé irrigation
system. This results in cost per hectare actually irrigated higher than the

-planned cost per hectare based on the assumed full irrigation potential of
the system.

Results of a Bangladesh government benefit-cost analysis éhowed
that'sméller projects with low investment cost per hectare appearéd to offer
higher average benefit-cost ratios than mediuﬁ and large irrigatioﬁ projects.
Large scale gravity>irrigation and flood control projects ténded to have
high unit costs as well as longer gestation periods. The benefits from
large scale ﬁfojects‘wére found  to Be much bglow expectationéi(Béngladésh

Planning Commission, 1980).
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Analysis~of‘a wide range of irrigation projects in the Philippines
suggests that communal rﬁn—of—the—river systems have had the highest pay-off.
National systems and surface pumps have had good returns but somewhat
lower than the communal irrigation. Finally, deepwell pumps have been too
expensive and have resulted in benefit cost ratios below‘one (Maya, 1981).
Néné of theksystems analyzed could be considered large scale irrigation, as
even the national system was only 2,700 hectares. |

Iﬁ Sparling's (1981b) reﬁiew éf studies of Sahelian irrigation projects,
‘he found “"that 'small' perimeters are more efficiént than 'large' perimeters.”
He argﬁes “that the labels 'large' and 'small' are misleading because
importaﬁt differences are ofgénizational. Fuhds‘of 'social capital' and
'humaﬁ capital' peculiar to each area héve real economic value which can
be‘harnessgd to develop irrigation perimeters. But because these fﬁnds
- of capital’are'peéuiiar to each-place; it is important that perimetérs‘be
developed'increméntally -- without displacing farmeré or requiring‘farmers-_

" to surrender existing agricu;tural practices.”

"The decentralization of contr§1 of agriculture leads to more
efficient agriculture, but it'makés extension services especially important_.;.
Tﬁe ofganizations which surrender control of,perimeters'to'farmefs should
be febrienteﬁ,towatd‘a éombined:extensionrresearch and deveiopment service
function” (Sparling, 1981b, p. 25-26). Waldstein (1978) and Scudder (1973)
arrive at similar coﬁclusions but from tﬁe‘perépective of another discipline.

| Contrgry to the étudies'iisted aboVe, Taylor and Tangigate (1979) and
Taylor (1981) fqund that'écoﬁomies—ﬁo-scale exist in the construction of

grévity—diversion irrigation schemes in Malaysia. They fOund‘that 1arger
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‘schemes also have higher annual yields per unit of water than smaller schemes;
Their costs suggest that diversion headworks are generally less costly than
ﬁumping facilities. They advocate caution in policies to encourage small-
scale irrigation. However, it should be pointéd out that the schemes involved
little or no resettiement and since it was supplementary irrigation, there
“was no wholesale s&itch in cropping.

There are three general types of small scale systems. The first is the
pump or groundwater systeﬁ, which has seen tremendous expansion during the
1970's. Although there have been a number of‘studies of tubewell expansion;
there are still important areas for ;esearch; These include the questioﬁ of

© regulating pumping under conditions of a rapidlY'decreasing grouﬁdﬁater stock,
thé’impact of higher energy cosﬁs on pump irrigation and, as discussed above,
Ehe potential fpr qonjunctive use of gtoundwater And surface water for
irrigation;. |

The second type of system is river diversion sChemes;‘ Many of these

diversions are indigenous systems‘which are either locally]ﬁanaged or receive
only limited_government assistance. These have been favorite objects of study
by anthr0polqgists and sociologists (Bottrall, 19815 p, 222). The literaturev
is fairly rich in descriptiéns of how these systems work effectively and thg
ptoblems,which occur when goﬁernment tries t§ take‘them over (waérd? 1977b).
Coward found three_particularly important principlés common to indigenous
systems: agtountable’leaderéhip, the use of small sub-groups within each scheme
and the channel-based character of the-Sub—groups. More receﬁtly, another
example of governmeﬁt iﬁterference occurred in the Senegal River Valley where
the government agency, SAED, attempted to "help"” a spontaneous irrigation écheme

at Bakel (Sparling, 1981b).
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Further research is needed to determine ways of managing conflicts
among farmers over irrigatiom. The ¢ontainment of conflict is a preréquisite
for'succéssful system operation. The communal systems may.provide some
answers (De los Reyes, 1981). In‘addition, studies are needed of the opera-
tions-of small government run schemes since few studies exist today. How
.do they différ from commﬁnal systems in terms of retufns, management of
conflict and allocation rules?

The third type of small system iﬁéludes tank scﬁemes_(small reservoirs)
which are both indigenous and government controlled. South India and Sri Lanka
have had, for many‘decades, a.large number of both types of tanks . In
Northeast Thailand the government has built over 500 new tanks duriﬁg the past
20 years. The unpredicﬁability of rainfall introduces major operational
complexities into the decisions concerning water releases and the size of
command area. Another major problem is.thé silt»accumulatioﬁ and damages
caused by heavy raihsvand floodinéa In many cases the latter problem is’
beyond the means. of farmers to repair. The case for technical advige and
suppdrt from government ;o overcome tﬁése problems appears to be’extrémely
strong (Bottfall, 1981).

The success of exisﬁing tanks‘in Northeéstefn Ihailand'has‘been
much below expect#tions in‘ﬁérms ofbincreésing production»and income.
Althopgh waﬁer seems to be available, little or no dry'seaSOn production
occurs. The Thai‘government as Qéll as donor agencies would 1ike to~know'
why they have not reachéd éxpectations. One 6f the-baéic probleﬁs seems to
be that the tanks wére originally built‘for politicél or loéal military

reasons with little concern for cost or potential irrigation benefits.
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These projects also tend to serve a number of purposes besides crop
irrigationvsuch as fish production and water for livestock, household use,
and gardens.

What practices and policies make some small scale projects highly
beneficial and others not? Operatioﬁ and water handling should be easier
on small scale projects as compared to large scale projects since the
distance between water source and irrigafed farms is much shorter. However,
there may be such a diversity»of operating procedures involved with small
scale irrigation that iﬁ may be very difficult to geﬁeralize.

Tubpun's (1981) study of five tanks in Northeastern Thailaﬁd found
that benefits from fish culture and domestic water use were very impOrtant. 
‘With fish and domestic water use benefits included the real rates of
return for fhe tanks ranged from 8 to 24 percent depgnding on‘the riée
.pricé and the areé'irrigated. Judging froﬁ the large magnitﬁde of the admittedly
rough éstimatés of fish and dOmestié ﬁater use benefits, they deserve special
research attention. This is particularly true since the Government of
Thailand is emphasizing the construction of small tanks which are primarily
for‘domestic water.uses. A good approacﬁ.to the probleﬁvwould bevto use
the ﬁtavel cost iethod which has been appiied to the analysis of recreation -
benefits; This methodology could be adopted to value domestic water uses
withoﬁt muéh.difficulty.

There are‘sgveral other possible reasons why design expectations are
‘abové actual perfofmance.v It is probable that estimation procedﬁres>
followed and/or_éssumptioné nade éoncerning expected benefits and costs

were in error. An ex post analysis of alternative projects such as Tubpun's
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help identify the procedures and assumptions'in the ex ante analysis that lead
to forecasting errors concerning project benefits and costs. In additionm,

they provide a basis for comparison with other investments including large scale
irrigation and lift irrigation schemes. The distribution of benefits from the
small projects should also be estimated. Do small scale irrigation projects
help the sméll farms as fubpun (1981) found in Thailand or do the benefits go

to the larger more politicallylpowerful farmer as Easter (1975) found in one
tank irrigated village in eastern India?

Thére>also:may be unexpected constraints to achieving planned‘ perfor-
mance. .This might involve lack of markets, seasonal labor shortages or limited
credit.. The ek Eoét analysis should be designed td collect information
concerning thgse constraints so that realistic assumptions can be formulated.
The next step would be to determine if these constraints’can be eliminated
and at what’éost.' For example, if markets are not available and cannot_be
develbped for vegetables, then the project analysis should not include
vegetables as a potential output.

Bottfall (1981) recommends two further areas of research on small—scale
irfigation. The first is on existiﬁg patterns of organization and management,
particulérly for government constructed'projecté. The'secénd is on the potential
for developing more‘éffective ways of assisting and‘supervising small scattered
irrigation projects of any'kindv(Béttrali, 1981, p. 241). For example, 15 a
special technical assistance cadre néedéd to help’impro§é the‘performance of
small scale reéefvéir projects?b Twé closely related issues are: (1) Under‘
what physical and social coﬁditions can irrigation bé operated and manéged in
small scale ﬁnits? and (2) Are there fewer sccioéconomic problems associated

with the development ofbsmall irrigation projects as compared to large projects?



SUMMARY AND CONCLUSION

A number of impottant research issues have been highlighted, ranging
from the evaluation of returms to small government irrigation projects to the
analysis of alternative procedures for allocating irrigation water. Many of
the research issues involve both a concern for the efficieney of weter use and
for an equitable &istribution of benefits. It is important to realize that many
-of the irrigation problems are difficult to resolve once a project has been
designed and constructed. Management and water allocation proeedures should
be included in the planning stege of projects. The project design will deter-
mine what allocetion and management options are possible; This is particularly
true of the distributiom of project benefits.- |

Amother important theme which comes out of the literature on irriga-
tion:development and distribution is the concerm for decentralized decisiom
making. At what level can the farmers.be effectively used in operatingmthe
irrigatibn'syetemé This is one of the basic issues involved in the choice of
small scale ve.’large scale projects. It is also important in determining the
relative share of public vs. government involvement in irrigation development.
In the pest, except for tubewell 1rr1gat10n and some river diversion projects,
developlng countries have tended to error on the side of not 1nvolving farmers.
More needs to be done to develop.incentlves tralnlng programs and institutions
whlch ‘will make better use of management talent available among farmers.

Finally, it appears that the evaluation of irrigationminvestments

needs to be strengthened in several respects. First a consistent and
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uniform procedure of evaluating government projects must be established. This .
means an agency indepeﬁdent of ;he traditional construction ageﬁcies should

héve résponsibility for the project evaluation and planning. Second, a criteria
needs to be developed for selecting the appropriate procedures for allocating
water among farmgrs i.e. rotation vs. continuous flow. This should be part of
the decision_concérning project scale and deéign. Third, a criteria should be

' includéd in the project evaluation to determine if the institutional set-up is
adequate  for implementing the irrigation project} For example, if the water isv
delivered to an outlet serving 100 farmers, will they be able to organize
édequately to allocate the waﬁer equitably among themselves?

In summéry, the section on water allocation procedures and policies raises
numerous issues concefning»the distribution of irrigation water. tThese include:
(1) the optimum‘éllocation of water over fime and among end uses; (2) the
conjunctive use of groundwater and surface water; (3) the'optimum‘siZe of
irrigated area and‘distribuﬁion'system; (4) the returns from alternative invest-—
ments to reduce transmission water losses and improve distribution (conﬁrol'
structure, lining materials, etc.); (5) the impact of allocation procedures on
‘watet logging and éalinity§ and (6)valternatives fdr improving the compatibility
of incenfives and objectives among farmers and system maﬁagers.for the efficient
allocation of_water.

Some of the same issues occur in the section on institutional arrange-
ménts for irrigaﬁipn ﬁanagement. This is particularly true wiéh regar&’to
incentives. One of the important éépects of institutional,reseatch_is’ﬁo help
find ways to devise institutions that make‘incentives more compatible among
iﬁdividuals and spciety. To do this will require an understanding‘of the

underlying power structure and how it affects incentives.
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The new issues raised in the institutions section include: - (1) alter=-
.native institutions to facilitate farmer participation in irrigation
management; (2) institutiomns for coordinating government involvement in
irrigation development, evaluation and management; (3) institutions to
internalize the externalities involved in water allocation and canal
maintenance; (4). procedures for financing'farmer‘watet user associations;
(5) the impact of land tenure and water rights on the level and distribu-
tion of project benefits; and (6) the impact of water rights and project
financing procedures on prOject performance.

The -final eet_of issues revolve around two important’investment
questions. The first is the trade~off'between new irrigation projects and
fehabilitation of old syetems.g Most of the investment oueetions raised
under the water allocation sections are directly related to the rehabilitation
issue. »Second-is the trade-off between small and large scale projects.

Many of the questions in this section reiate closely to tne sections on

water allocation among farmers and organizations for water distribution.
The new investment issues include: (1) the opimum frequency'and

type of maintenance and rehabilitation investmentslincluding'onrfarm

water management; (2) alternative means of preVenting’overuse of ground-

water and the impacts of highet energy costs on groundwater use; (3) compar-

isOns.betneen communal and government operated and managed irrigation |

systems; (4) ex—post analysis of tank projects including an evaluation of the

distribution of beneflts and of the fishery and domestic water use beneflts,

(5) alternative size management units for operating irrigation projects;

(6) socioeconomic'problems associated with different sized irrigation

projects; (7) economic returns for alternative small scale irrigation
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investments; (8) the returns from different levels of water application
intensity; and (9) the timing and level of development of drainage and terminal
infrastructure.

Many of these issues will be of major concern to developing countries
and lending agencies during the 1980's. It is important to note that .
there is very little literature on the returns from drainage investﬁents
even though a number of studies have pointed this out as a major constraint
to increasing crop production. Our guess is that investments in small
scale irrigation, farmer participation in management, investments in
project reﬁabilitation (including drainage) énd inceﬁtives for efficient
allocation of irrigation water will continue to be ﬁajor concerns during
the rest of the decade. With the current level of investment in irrigation

researchers and policy makers cannot ignore these questions.
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