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| nt roducti on

Massive investnents in irrigation facilities by devel opi ng .
countries and |argely funded by international and bilateral donor
agencies attest to the belief that irrigation is a key weapon in
the Dbattle against world hunger and poverty. Yet ex post .
eval uati on Iof irrigation projects tell a disappointihg story.
Benefits are typically vastly bel ow the projectéd Ievels._

In the literature that has grown up around this problem the
nost commonly cited synptom of poor water nanagenent I's.
"organi zational failures." Sone progress has been nade .tomards.
‘generating principles - for the .successful or gani zati on of
irrigation systens by studying indigenous water user associations
that have evolved largely independently of the plans and progréns
of central governnents.

Wi le sone authors nmake reference to the free rider.problem
and other principles of public choice theory, there has not beeh
an explicit attenpt to understand irrigation associations wth
the aid of a rigorous normative framework. This paper is the
product of sUch an attenpt.

A framework for determining the optinmal organizational form
for an irrigation association is devel oped using the prihciples
~of maximum producer surplus and mininmum agency cost. Thi s
framework is used in interpreting docunented cases of successfu
and unsuccessful associations and to illumnate some principles
of efficient provision.of irrigation. - These principles appear to
be of sonme general use for the efficient nmanagenent of | oca

public goods.



1. The optimal water-user association

Normative economcs is the -first (and sonetinmes the |ast)
step in positive econom cs. That is, we use optimal .behavi or,
under various assunptions, as a guide in explaining actua
behavi or. Thi s section is motivated by that  approach.
Specifically, we seek to understand how a group can Optinise:mjth
respect to group nenbership, determnation and allocation of
costs and benefits, decision—aking nechani sns, and sanctions to

enhance conpli ance.

| magi ne a uniform section of Iand, differentiable dnly by
its proximty to. a river. It is possible to construct - a
di version canal of variable depth and length to irrigate parf of
t he | and. There are econoni es—ef-scale in constructing systens
of ihcreasing capacify (nmeasured e.g. in cusecs, cubic feet per
second delivered at the head) but increasing costs of del i vering

the water to nore distant points fromthe river.

The optinun1$ize of the irrigation facility is illustrated
in .figure 1. .Total margi nal costs (TN(D are conprised of
declining marginal construction costs (MX) and rising nargina
delivery <costs (MDC). Producer surplus is nmaximsed where
narginal benefits, given by the dénand curve, D, equal TMC.
Assum ng that D intersects TNt in its declining portion as shown,
marginal cost pricing |leaves a deficit to be financed by the

| unp—sum portion of a two-part tariff.
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To be efficient, the deficit nust be made up in a way that
does not discourage any potential nenbers fron1pafticipating in
t he associ ati on. That is, every nenber's share of the deficit
nust be less than his total surplus. This can be acconplishéd by
finding that share of surplus, such that the aggregate
contribution by menbers just nmakes up -for the deficit. If there
are a nunber of possible channel |ocations, t hen ex.ante conpeti -
tion anmong alternative contractual arrangenents wll .tend to
l[imt the extent to which any'individual has to pay higher than

t he average share.

Maxi mum benefits generated by the-irrigafion associ ati on can
be defined wth reference to the mar gi nal  nenber. For the
mar gi nal nmenber, the nmarginal cost of producing an extra cusec of
water plus the narginal delivery cost is Ijust ~equal to the
mar gi nal benefit (product) of water. Since the mar gi na
producers sqrplus is zero, the optinmal nenbership fee for the
mar gi nal nenber is zero. Having determned N and the vector of
menbership fees, naxinun1proddcer surplus is determned for each
C. The nargfnal producer surplus curve is the marginal benefit

to the irrigation association and is showmn in figure 3.

Coalition <costs may be defined to include the costs of
informati on and enforcenent. Bor r owi ng fron1the posi tive agency
literature, coalition costs hay be taken as the total agency or
organi zational casts for collective action. That is, coalition
costs include the costs of nonitoring and bonding to reduce
"shi rki ng" (i.e..deviations fromfirst-best perforhance) pl us the

residual |osses fromthe shirking that is not avoi ded.



For a particular organizational form optinal nDnitOrihg and
bondi ng expenditures are determned according to the principle of
m ni num agency costs, illustrated in figure 2. Total agency
costs, AC, are defined as the sum of nvnitoring/bonding costs,
- MBC, and "shirking" costs, SC. Optinmal nonitoring/bonding occurs
at M ﬁhere ACis at a ﬁininunl If several organi zational forns
are possible, the optinmal organization is the one with the | owest

m ni num agency cost.

At each ‘level of nenbership, the cbalition “cast is the
m nimum agency cost of the optimal organization for t hat
partibular nunber of nenbers.  For exanple, as the nunber of
menbers increases, it may be efficient to switch from i nf or nal

moral sanctions to centralized authority with specialized police

power . On the other hand, it nmay also be efficient to swtch
from informal central decision-making in small groups to de-
centralized decision—aking in |large groups. That is, the

decisioh-naking and enforcenent nechanisns are endogenous
features of the organization and nmay be co—determined with group
si ze. Since agency costs are thus uniquely related to group .

size, - the marginal agency or coalition costs can be constructed

and drawn in figure 3. How al ong with the margi nal benefits or
producer's surplus (fromfigure 1), figure 3 illustrates the
opti mum group size. Since the other variables have been

expressed as functions of N, this leads to a solution for optinal

capacity, distribution, and organizational form
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These considerations provide a framework far understanding
differences in contractual arrangenents across groups, i.e. for
constitutional choice. By examning particular group contracts
that arise anong irrigation associations,'it may be possiblie to
di scover stylised patterns relating the ofganizational form to
characteristics of the environnent and to infer restrictiens in
our conceptual--franemork t hat generate these relationships in

t heoretical propositions.

Before turning to case studies, however, it is useful to see
what a priori, propositions are inplicit in the conceptua
franework. Returning to figure 1, recall that irrigation systens
with higher capacities facilitate the inclusion of nenbers wth
increasingly distant farns fromthe mater. sour ce. The nore
di stant . farmers, called "tail enders” in the irrigation
literature, should pay higher delivery fees per unit of water

delivered but |ower nenbership fees.

Since it is costly to give discretion on the anount of water
delivered to each farnmer and then to neter the anount of water’
actual ly del i vered, the allocation decision may be made
centrally. The association nmanager can ration water so as to
(approxi mately) equalize the net (of conveyance | osses) nargina
product of water across farns. This permts a user fee to be
levied on the total anount each farnmer is aIIotted.1 ~Further—

nmore, for admnistrative convenience, the nenbership fee may be

More .generally, as Abba Lerner and others have observed,
margi nal cost pricing is not inconsistent with central planning.
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of an explicit user fee does rot imply inefficiency. What ig
important 1=z to ration water such that the marginal product of

water, pst of transmission losses, is esgual across farms.

111, Sohe examples

Cbservation S nor e producti ve of i nsights “and
generalihations when guided by a normative franeworKk. EESpite.
the fact that the existing irrigation literature is not so
gui ded, it is still possible to extract = sone 'prelinihary

propOSitions of interest.

Regardihg water distribution, nost -governnenf-designed
systems are based on the principle of equal quantitites of water
per unit of irrigated land (Bromey, et. al., 1980). Land area
is also the nost common nethod for allocating water in comuna
systens, followed by anobunt of seed planted and yield, the latter
two being quality-adjusted proxies for land area (e.g. de |as

Reyes, 1981).

Since equality of water consunption, in the face of
-transnission | osses, violates one of the efficiency principles
devel oped above,. this observation arouses sone interest. Under
cl ose scrutiny, the claim of- equal di stributi on becones difficult
to sustain. First, the wequal distribution rule in Ilarge
governnént constructed systens operates in design but not in
practice (Bromey, et al., 1981). Second, in carefully nonitored
systensz equality nay be inplicitly defined in terns of tota

water "sent," i.e. water actually delivered plus losses in



transmssion (Martin and Yoder, 1983) I nstead of wat er

"recei ved. "

In other systens, water delivery is not designed t6 be
equal .  For exanple, water in a systemin Chherl ung, hbpall is
all ocated according to the principle of number of shares
purchased by the water user (Martin and Yoder, 1983) . Thi s
allows benefit -Fnancing to operate directly. In a system in
|locos Norte, Philippines, tailenders are allocated |ess water
than farnmers near the head during tinmes of scarcity. But the
farmers wth Iess water grow less water-intensive crops,
typically garlic, and still earn good incones. It appears that
equal division of water would result in substantial yield |osses
for rice farners wi thout conpensating increases on other farns

(Siy, 1983).

Irrigation systens in developing countries are often poorly
desi gned, especially those provided by the central governnent.
Not only do systens conbine culturally distinct groups, who nmay
even be in conflict, but even the physical engineering is often
poorly done (see e.g. Bottrall, 1981). These failures in design
are partially offset by changes in the way the system actually
oper at es. For exanple, farnmers at the head often take nore than
than their prescribed allotnment of watar and channel that water
to other farmers who are not part of -the formal system Thus
what is apparently a situation of gross inequity between the head

and tailenders is actually a partial conpensation for failures
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failurés in design.

The extent of formal hierarchical organisational structures
and decision-nmaking nmechanisns is largely a -function of = group
si ze. In a survey of conmunal irrigation in the Philippines, de
los Reyes (1981) notes thaf groups with total farm hol di ngs of
less than fifty hectares tend to use informal decision-naking

nmechani sns relative to |arge associations.

In systems under fifty hectares, ... users are easily able"
to discuss and plan anong thenselves the distribution - of
wat er . (In larger systens, the task of allocating water is
typically delegated to a team of water distributors.) The
team |leader is responsible for distributing the water from
the damto all parts of the system... Qher water distribu-

tors are assigned to allocate water within their respective

areas (de | os Reyes, 1981, p. 4).

Simlarly, farmers in small systens schedul e nai ntenance on
an- ad hoc basis, as the need arises. In larger systens,'frequent
and regul ar mai ntenance schedul es are nore common. Col |l ection of
f ees is formally prescribed and delegated to desi gnat ed

collectors and treasurers in large systens (de | os Reyes, 1981).

There is wundoubtedly sone confounding of causes in the
"small is flexible" observation. Sone degree of specialisation

in decision-making and adm nistration is a natural consequence of

2 .
Simlarly, bl ack mar ket s often  conpensate for mar ket

di stortions invoked by m sguided devel opnent planners. = It s

presunably rare, however, that planners will be grateful for the

way the system nminimzes the costs of his errors in design.
Rat her one expects the planner to do everything in his power to
harass and punish the black marketeers or water "thieves" who-he
sees as narring the beauty of his grand design.



si ze. On the other hand, the degrée of governnent invol venent
tends to be greater in larger systens. Part of the forma
hi erarchical structures of large systens is undoubtedly due to

the "planners' bias" of governnment controlled systens.

A related issue in prescribing and explaining organisationa
form or “"constitutional <choice” is the question of optinma
federalism There are two basic notivations for federalism in
irrigation associations. One is to the extent that |arge groups
suf fer di seconom es-of —scal e in managenent, they can be divided
into subgroups. Another is that irrigation systehs are'typicaILy
hi erarchical by .virtue of their physical Jlayout.  Thus in
China, for exanple, comunal groups are 6rganised around the
subbranches of the system and there are distinct governnent
functions at the main branch level and at the damand main cana

| evel (Ni ckum 1982).

In Ilocas Norte, farmer groups called ”zanjeras" are
organized into a 'federation of .zanj eras. A water counci
operates at the federation level to determ ne water allocation
anong the zanjeras, There is .substantial inequality in the
amounts of water all ocated between . zanjeras but 'no reason to
suppose that this leads to either inefficiency or injustice.
Farmers in less favored zanjeras also contribute less to the

mai nt enance of the main canal (Sy, 19S3).

Several associations in the Philippines were able to invoke
sanctions to insure reasonable performance of the nenbers. . In

the early 1900's, these included physical punishnent and confis-



cation of |[and. Mre recently, noral sanctions, fines, and
exclusion fromthe benefits of the association have been used to
m tigate agai nst shirking. ‘Clearly, collectively provided goods

are not necessarily plagued by the free rider probleny 

Cﬁ the other hand, the literature also ‘"provides anple'
evi dence of abuse of the system especially of gross inequities
betmeeﬁ the head and the tail enders. These exahples are often
associ ated with governnent designed systens. The problemhere is
that the enforcenment powers of the central - governnent are

typically very weak in rural areas of developing countries.

The notion that effective gover nnent control requires a
conbination of force and legitinmacy inplies that conpliance is
enhanced by voluntary consent. Few central governnents are able
to enforce unpopul ar neasures that require large sacrifices, such
as collection of high irrigation fees fron1nahy of 'its citizens.

On the other hand, village conmunities in many countries have

very well-devel oped infornal gover nnent s, with established
| egitimacy. Where irrigation associations are entirely wthin
t he jurisdictioh of such governnents, they are less likely to
have enforcenent problens. However, when a central gover nnent

tries to inpose a group constitution over citizens of different
traditional jurisdictions, e.g. villages, then non-conpliance is

to be expected.

The best known case wherein central-governnent sponsored
irrigation associations have succeeded is Taiwan. It is not a

coi nci dence that'local governnent in Taiwan was highly integrated

10



with the central government and enforcenent of association rules

was highly effective.
|V Concludi ng Remarks:

The Iiteraturé on irrigation in devel oping countrieé has "
éstablished that while large, centrally designed and adm ni stered
irrigation systens are typically quite inefficient, there are
several exanples of voluntary indigenous organisations that have
solved the allocation and enforcenent problens very effectively.
The anal ysis and di scussi on above may help in understanding this

phenonenon.

First, the determnation of optinmal water allocation and fee
structures, even aside fromenforcenent and collusion costs, is
extrenely conplex.  The decreasing marginal costs of expanding
the command are partiallyloffset by the ihcreasing mar gi nal
conveyance costs. However, since the pattern of these costs wll
differ across locations, it would be difficult to determne
general principles of distribution and water-charges that cbuld
be enbedded in "top—down" designs. Moreover, there are inportant
i nt er dependenci es between users in conveyance. It is not that
the first user inposes a technological externality -on subsequent
users as some authors have suggested (see e.g. Broni ey, 1981) but
that there are econom es—ef-scale in conveyance. There are,
accordingly. efficiency gains to be héd by coordinated water

del i very.

11



Second, vol untary associ ations have a natural advantageiri
enf or cenent . Since the -association wll be enbedded in the
traditional structure of infornal goVernnent (village el ders,
etc.}, noral sanctions, communication, and deci si on- nmaki ng wi | |
all be facilitated. Centrally designed systens, domnated by
(nai ve) principles of engi neering and banking, have a tendency to
conbine groups from different informal jurisdictions. The
centrally-ihposed rul es of operation ére likely to be in conflict
with the rules of the associated jurisdictions, which are also

likely to be in conflict with each other.

An incidental dividend of this exerci se haé been the
clarification of principles fromnormative public choice theory.
W have seen that the benefits of expanding joint "use of a
productive input can be determined from the maxi mm pr oducer
Isurplus attainable by different sized groups. Col lusion costs
can be precisely defined as the m nimum agency cost achievable
with a group of given size. These two qonspructs provide a
framework for generating conparative statistical prbpositions about
organi zational form The inductive devel opment of organizafiona
theory will be enhanced by further enpirical observation that is

gui ded by a normative framework.
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Appendi x: Notes on the theory of local public goods

Figure 3, or sone variant thereof, is a central pillar of
the public choice pardigm For exanple, it is used fo de-fine the
optimal percentage of voters that should be constitutionally
required to pass enabling | egi slation for pﬁblic goods. In thaf'
case, the nmarginal benefit of requiring an extra vote is the"
reduction in "political externality costs" associated with |og-
rolling and rel ated phenonena. The marginal coalition costs are
the costs of negotiating for the approvaf of an additional voter.

But there is considerable anbiguity about the analytica
_foundatiohs of the two curves. This is partly because there are
inplicit optimzation processes underlying each of the curves.
In the present paper, rather junp innediately to the application
of figure 3 to irrigation, | have attenpted to meke the

optim zation problenms explicit in figures | and 2.

The marginal producer surplus curve in figure 3 is defined

with respect to the paxinum producer surplus as determined in

_—aln S

figure 1. Moreover. the marginal delivery and construction
curves (MXC and N(ID are themsel ves indirect functions. Delivery
costs depend not only on the capacity in cusecs pf water at the

head but also on the nunber and distance of the farnmers in _the.
irrigation.systeh1and the anmount of water delivered to each. The
optimal nunber of users is determned for each amount of water,
C, by the anount of water delivered to each. The optinal nunber

of wusers is determned for each amount of water, C by the
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pirinciple of squal net marginal value product, MNP frat 13,
LS _
N =M implies NMF = NMF W i,j € 5,
i X
where,

NMF = MF - MDC
i i i :
tor marginal product minus marginal delivery cost to the ith
farmerd. Thus,
b
MDC = f(N 1g)),
i.g. the marginal delivery cost for the system as a whole iz an

indirect function of capacity.

"8imilarly, the marginal capacity cost, MCC, for the system
depands on the sice and distance of canales associated with the
eprimal distribution pattern, including the numbar of farmers.
i.e.

MCC = g(N (c)).

MCC declines mainly because of economes of-size in bigger

capacity systens.

This nodel also provides a generalization of Buchanan's
nodel of local public goods for the case where the optimal size

of the good is endogenous and margi nal delivery cost is replaced

by nargihal congestion cost. Pure public goods represent the

speci al . case where marginal congestion costs are zero and N is

"W (all citizens). The Tiebout nodel is the case where many
max -

identical clubs conpete for menbers such that DD intersects the

total average cost .schedule (not shown) at its mninum

None of these nodels accounts for coalition costs. Rat her ,

by defining the maxi mum benefits for each nunber of nmenbers, it



allows benefits of the coalition to be rigorously defined as a
function of N. By defining nmarginal coalition costs as an_
i ndependent function of N, as in figure 2. we have a franmework

for determning optimal group size and optinmal organi zation of

t he public provision.
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