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SUMMARY
 

Water charges.are not only a source of revenue, they may act as 

prices and affect short-run resource allocation. What might we 

expect such charges to do and uniier what circumstances? In this 

paper, we lay .out our thinking on these questions. 

Might water charges be manipulated in such a fashion as to 

lead to 7efficient" resource use? We look at more than one meaning 

of efficiency but except for special well known situations, the 
answer is no or probably not. In an illustrarive example we show 

that on traditional surface systems it may be profitnble for 

farmers to be "inefficient." 

If this is true, the best way to think of water charges is as 

a source of revenue, and not be too concerned wi th al locative im

pacts. The most pertinent implication of this argument is that 

the simplest and cheapest arrrangements for col 1ecl. io" may be 

good enough. There are many ways to collect irrigat ion system 

rcl a ted revenue that: do not involve water deliveries at all. 
rigation systems wi 11 have to achieve certain types of efficiency 

th rough adaptive improvemenLs in day-to-day operation; charging 

polices might play a limited role ini reaching this goal. 
The critical factors for predicting impact of charging 

systems upon effective water use are the flexibility or responsive

ness of a system to wt,-r recquirements of individual farmers and 

the protential Mnethod of Fee collection. a) a Very responsive 

svsrem would be equivalent to a single pump that can -e cycled when 

cirops teeJ water. verY, few surface systems car, eveni begin to be 

o)plerar_,'d this way. 0) it is difficult to Optitiye mure thani one 

goal with a si:ql e instrument. Moverovero only a 1 inii ted number of 

col I ec ton methods are viable. As a consequence, wa ter charges can

not be expected to lead t.o signi ficant improvements in appl i

cation "efficiency" as usually defined. c) Low field irrigation 

efficiencies found in lraditionmal furrow methods are almost 

insensi tive to water charges. 

Hany of these conclusion are not at variance with what has been 

written by otlhers (Small, Adriano & Martin). In those cases where 

tLhere does seem to be a difference, an explanation might be 

found in a different reference frame: the basic allocation problem
 

is not represented by the avai.lable irrigation water but rather
 

by the resources tied up in the conveyance facilities. In greater 
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or .lessoc.degree these facilities are- not responsive to chargind
 

schemes that-tend to affect all irrigatiors as a group. The rat
 

of resource use is controlled by means other than price.
 

Paddy rice cultivation is outside the focus of this paper and
 

the manay difficulties surrounding better system management
 

are not treated in detail. Selecting the level of water charges
 

is not a theme, although references are made to "ability ot pay" 

and "marginal benefits." 
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METHOD AND SEQUENCE OF ANALYSIS
 

The many difficult issues involved in poor project management
 
are not 
a primary focus of this paper, although they are not wholly
 
ignored. The underlying assumption is that if water charges are
 
levied, they are paid. 
 Other simplifying assumptions are made
 

in order to move through a number of arguments, a few at a time.
 
The main topics to be considered are listed in Diagram i. This
 
diagram is a stylized outline of a spectrum of factors that might
 
influence our thinking about progrcms of 
irrigation water charges.
 

"Mechanism" refers to the specifics of how charges are 
imposed
 
and collected. "Measurement" refers to irrigation water. "Finan
cial efficiency" as shown in Digram I is a catch all 
phrase
 
employed as an umbrella for all 
notions of about pricing use of
 
pull:ic resources at social cost. Application and coveyance ef
ficiencies 
 are defined wholly in agronomic/hydraulic terms. 
 A
 
few interactions are indicated.
 

The method is to refer to some 
range of possible physical situ
atiors, or administrative procedures, and ask the question, "how 
would farmers react under these combinations of circumstances?" In
 
this way we define the impcrtant limits and ranges of 
real world ex
pectations, even if it is impossible to consider every combin
ation of water price policy/farmer response.
 

Revenue goals may be separated fvom erticiencY goals. 7he
 
tax incidence of collecting revenues may be cliscussed wi thout
 
differentiating between public and private systems, ignoring
 

as well, detail s of conFusio'a, maldistri butionn 
and legal contra
ventions. This simpli 
ication concentrates our attention how
on 

farumcl rs might react to new or increased cash requi remen ts imposed
 
by the the gov.rnmerLit or through group membershi p. 1eaving to one
 
side questions of "efficiency." Once "efficiency" issues are the
 
focal point, particularly in pumbl ic systems it wi lI be unnecessary 

to dwell on farmer responses in detail. 

In a similar manner, by referring to a range of water source
 
situations, it is possible to move on 
to ask ourselves just what
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would be required system-wisd, and supply-wile, before MC:pricing 

could play.a role in achieving conveyance operat.ion at a "socially"
 

optimum level, given sunk.Costs?
 

The next major section explores what is implied by app-li

cation efficiency relative to a range of common system types and 

situations. What does efficient water use mean?. If fees are imposed
 

or altered, will efficiency be improved? How will the users as a
 

group react? Will 
taxpayers obtain more production?
 

In the last section water prices or taxes are ignored alto

getlher. How will a farmer react to the supply received relative to
 

the quantity necessary for most efficient production? What if he
 

receives exactly the right ratio, could the farmer in traditional
 

furrow s'stems use it in the most "efficient" way? Data from
 

ndit i give some support to the argument that low percentages for 
on-f arm irrigation efficiency are hard to alter. Investment at 

the fii-! i eve! is required, but the Iong-run variable costs and 

returnts may riot be attractive enough to call it forth. 
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Diagram 1. Some interrelationships of water charges topics
 

REVENUE GOALS
 

General O&M 
 Cost / Investment 

User rights in Specific in private systems-
pv't. systems & 
 pay own way.
 
idea of controlling
 
resource. Possibly specific 
 in public systems 

Involves subsidy and incidence of
 
any water user charge.
 

Anv fee levied 	 on farmers by government or private 
groups acts as a tax. 

Private Systems Public Systems 

Ability to pay.

Assume they know what Potential difficul ties:
 
they are doing. irrigation is expensive.
 

Col lectioin Mechanisms.
 
Its their problem Can get expensive.

ukless they squabble) Relation among compliance,
 

ear-marking, farmer partici
pation arid Agency perforlnance. 
Need for multiple incentives. 

Timing & Basis of Charges.
Of little public ihterest., What situations provide op

pertunity for tax to act as 
short-run price, cather 
than fixed cost? Roles of
 
flexibility and measurement. 

EFFICIENCY GOALS 

General conveyance On farm 
Financial/ 	 /Hydraulic Agrolzomic/ /Net income 

Drainage basin 	wide 

.1 
S y s t . mg t . ( e_ a_ _ _ _ __R 

(delivered supply) I Real costs of
4-	 . ... A -- l ga . l . 

Goal or Goal of : k 
effective max outputL- jMax benefit to
r(Source use relative farmer 

toir'ot/bn'ts
realiced
 

Social costs/be'.nefits realized
 



..PUBLIC FINANCIAL GOALS
 

The only reasons for fee collections by the State are to 

a) obtain general or adminstratie revenues; b) recover O&M 

or investment costs of facilities: c) ration use of public 

resources, or regulate use of a water source that has been privately
 

appropriated to ensure that benefits are widespread. In the con
text of- rhis paper, the "efficiency" aims (c) are a separate 
I-opic" s o tiin0:,t.these aiin ; can I)e sati sfi edi tvi hou.t fees. Thre 
averace Farrne- coeps n,.ot di.sting ish between these goals. ro him 

a tax is$ :jtax. 

The State can levy any tax or charge it chooses, to recover con
struction costs, O&N costs (or both), or simply to obtain general
 
revenue or possibly to obtain some direct affect on the level of 
resource 
use. The State has the power to utilize any collected revenue 
as it sees fit. Just 
because a water charge is collected for O&M
 
does not mean the
that revenue will 
really be dedicated to that
 
purpose. Collections to 
secure general revenue, say from users on
 
private systems, might be handed over to 
a nation's hydraulic agnecy
 

or be treated as an offset 
to that agency's general and administra
tive budget. Howevfer, collections made relative to retiring a
 

construction loan probably will be applied to reduce debt. 

In this paper O& ,nd investment recovery charges refer to col
lections in respect to a particular public system. General revenue 
refers to any collections from water users for non specific purposes. 

The level of water charges required to carry out selected pur-
poses, may be quite removed from any mechanisms available for fee 
collection. In turn, the range of operable collection mechanisms is
 
governed by the physical characteristics of the system in quest

ion. Generally not a lot of choice is open.
 

From an individual 
farmer's viewpoint, whether the system is
 
private or public has virtually no effect how he
on reacts to a. tax.
 
Moreover, insofar as 
cash is involved, the i:dividual farmer does
 
not distinguish between fees for O&M 
and fees for investment cost
 
recovery. He merely hopes tha: the 
collections will support smooth
 
operation and good maintenance; he may or 
may not have Influence in
 
bringing this result about.
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General- Revenue -

It is almost impossibl'e to conceive of general revenue
 

in connection with public systems unless the collections more
 

than cover the State's O&M'..and annualized investment cost accounts.
 

Even if there is no formal book keeping, the net effect is to balance 

tax income against outlays and, until equal, there can be no increment 

to general revenues. If the farmers get rich in a public system, they 

can contribute to general revenues in a number of ways. ,It is possible 

to thin< of general revenues in connection with private systems. In 

such systems, recurrent and investment cost recovery are not objects 

of the StLate's fiscal activities, neverthless, private waicer appro

priators might well be taxed., 

In Ecuador, for example, all the 200 plus private water
 

l'l;e r• groups pay an annual tax related to the esimated flow (lt/) nf
 

their source or diversion. The flow rates are rechecked from time 

to tiime and collection levels adjusted. The rates are low, the 

LoilpI iance is high and the revenues are an important budget 

component of the National Institute of Hydraulic Resources 

(INERIII). The tax is justified in the nation's water law on the 

basis that some reimbursement of the general public should be made 

by pr-i \a te users of an important resource. In Ecuador the fees prob

ably bear little relation to any kind of social costs that might 

be involved in issuing, managing, or adjudicating the water 

rights in a given situation, although the law also specifies that 

effective water use is a public goal. No effort is made to reach the 

goal indirectly by a tax; to the degree it is achieved, it is 

thlrough direct regulation of the source. 

O&m Revenue in Public Systems
 

There is a natural tendncy for irrigation system managers to
 

accept responsibility for a greater share of system operation 

whilst passing some portion of maintenance chores onto the farmers
 

served. In this way the pressure to collect fees is reduced
 

and, if the users do a good job, the level of required supervison 

may be quite tolerable. 

It might be t-he responsibility of individual farmers or 

groups to keep earthen ditches and canals free o weeds and provide 
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labor for other tasks that are de'fined by-the system managers
 

from time to time. The types and amounts of O&M that can be carried
 

out by the users and their animals is mainly a function of the
 

sophistication of the system. There is not much for users to do if
 

conveyance channels are all lined, or individual fields are served
 

by buried pipe. At these extremes, any non-subsidized O&M levys
 

will have to be paid in cash.
 

it is conceivable that the amount farmers must pay might vary
 

from year to year, depending upon programmed repairs scheduled 

in various sub-systems or districts. Dominican Republic farmers 

in the Yaque del Norte irrigation district have some say in what 

work they think needs to be done, and in how their share of any
 

ext-r . costs will be met. In this same district the managers have
 

an incentive to ensure compliance in Fee payments because most
 

of the collections remain at the district level to be used for 

O&!M purposes. It is conceivable that water users might also obtain 

a voice in setting the size of the cadre of public employees who 

handle day-to-day system operation. This may sound utopian but 

it is obvious that if there is any trend towards greater operational 

control of irrigation systems by the water users, the trend would 

lose a lot of its meaning unless there is matching growth in water 

user control over the operating budget. 

Farmers will adjust to any requirements for cash outlays for on

going operating costs in a manner no different than in adjusting
 

to any otlier tax. What they do will depend upon the timing, the
 

collection method and flexibility of the irrigation system.
 

It is difficult to believe that any "lumpy" manintenance expendi

lures would have much effect on short run production decisions,
 

although a given farmer might expect benefits to his long run
 

supply of water. Some sort of average cost fee calculation and
 

simple collection method that might allow for special assessments
 

will no doubt suffice.
 

Construction Cost Recovery
 

If farmers are to repay a share of the construction. costs, we
 

would expect to see a range of resource allocative adjustments no
 

different in response to any other tax levied in a particular manner
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Such decisions are-not the focus of ttis section, however. 
The impori
 
ant issue in investment recovery-revolves around the overall- cost
 
share that farmers are assigned.
 

One point of view is that- farmers should not bear any con
struction costs. This position is not explored in 
this paper. We
 
only note that proponents are bound to 'explainwhere the benefits
 
to society a-e. 
 If their explanation involves improving farmer
 
incomes, then the farmers may as well pay something. If the bene
fits do not involve income improvement, then why give farmers a
 
productive tool to 
play games with?
 

Selecting the amounts that 
must be repaid involves questions
 
related to what a system 
is expected to accomplish, i.e., how the
 
expenditure of 
public resources can be justified. Project purposes
 
are not wholly production oriented. 
The decision to provide water
 
to create farmsteads in the American Desert was motivated by non
economic criteria. Dams are built to serve multiple purposes.
 
Nowadays we 
speak of integrated rural development projects.
 

It is a useful shorthand to refer to 
some projects as being
 
"welfare" oriented, to distinguish them from "production" oriented 
projects. 
However this simple categorization has to include a
 
grey area of "consumptive" purposes that provide 
a lot of
 
utility that water users are very willing to pay for: all the way 
from green lawns 
to potable water supplies. So all welfare ele-.
 
ments are not necessarily subsidized, while those 
that are
 
involve obvious provision of social services such as 
bath houses
 
and medical aid stations or 
other equity related elements. it
 
would be unusual to 
require farmers to bear all the costs of such
 
elements, even if they are the group who gets most of the benefit. 

The usual procedure is to relate investment recovery to a pro
ject's productive elements, in this case, to the irrigation features.
 
But this is riot always feasible. These 
features, by themselves, tend
 
to 
be expensive and require production of valuable crops as an 
offseL. It 4s common to encounter facilities that cost 
so much
 
that it 
is hard to imagine any reasonable cropping pattern that might
amortize them. Farmers should not be asked to pay for realizing the
 
dreams of engineers and politicians. One riule might be that
 
fariners' 
"low side" ability to pay would be calculated in terms of
 
producing ordinary crops. 
Project promoters would then have to
 
justify the public subsidy of residual costs as best they may..
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One of the most 
often employed arguments to 
justify subsidy
in an irrigtaion project 
is 
that there are secondary economic benefits
that go beyond farmers' ability 
 pay. This means
to that there are
worthwhile productive benefits that the general public may obtain.
Presumably 
these benefits are multiples of value added 
by farmers.
 
So it comes down 
to whether the 
farmers really will 
produce
enough 
to create 
the fundamental 
benefit stream. 
The only thing
certain 
is that taxpayers may not 
see all 
the hoped 
for output.

This suggests another rule 6f thumb that would limit public
subsidy of 
productive elements 
to an 
annuali:zed 
sum 
that would be
 more 
or 
less proportional 
to the ratio of 
secondary to.total
 

economic benefits. Another way of 
putting this is that 
the taxpayer
would only pick up subsidy related 
to some value 
over and above

what would be expected 
from Primary beneficiaries in 
terms ofvalue added 
in 
any case. Otherwise, why make the 
 comui,ttmenLt?
 

If repayment requirements 
are 
not built 
into farmer benefici
aries' cost 
curves, 
they will 
 iot have an incentive 
to jeti beyond
their- own 
"break even" output levels, and move 
towarcdw 
the value
added 
levels expected of 
the project. 
 The idea that irrigation

farmers will 
all work hard and extract all 
the rents iniherent in
a project design and situation, is not 
borne out 
by experience.

Their main cash 
flow goal is to cover their auto 
consumption and
other production cots and 
to hold onto 
their 
land. Striving for
 
any output value beyond 
that is problamatic.
 

Fees, Taxes and Cost:Curves
 

It is natural 
to Link that 
 imposing water charges [or whatever
purpose may affect ' t. of use or resources in the shot run. Th isis because any fee acL_ ta.a " Lax, and the react:cion to a l ax MaY bto reduce ontput (inputI.) Wha: col lect(ed 
or how col l?ected (oleries

whether 
or riot the tax shinsf s farmers' variable costs 
Olr annualfixed costs. 
 [he textbook way 
to 
effect day- to-da y-prod(1 ucL. i on decisions would be to levy some sol of excise on each uni t of a [productsold or, 
upon each urit 
of a variable 
factor utilized 
in pro(uction.
A fee to acquire a Permit 
to do business, Purchase a 
franchise, 
etc..
is an overhead 
that may increase 
the short-run 
fixed costs of 
doing

business, but will 
have no 
affect 
upon the rate of production.
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in practice it 
is unlikely that irrigation charges could get

into short 
run variable cost curves (requires that there be a
 
volumetric measuring system in place and possibly that the water
 
releases can 
be controlled). 
 At the same time is incorrectto imagine

that "fixed costs" might not 
have impacts upon seasonal water utili
zation-, there is always some moment 
in time when they are also
 
variable. 
 For example, payments made at 
the start of the cropping
 
season are going to have a different impact on water use than if 
made after the season has passed.
 

Impact of Nethod and Timing of Water Charges Collections
 

It is common for farmers to attempt to purchase or trade water
when their crops dry.
are They may try to bribe the ditch rider to
 
give them some extra water or they may steal from 
their neighbors
 
or complain ,hbout someone else who is taking water ofout turn. 
These tactics do not constitute a charging mechanism, no matter how 
beneficial they may be as an intra-seasonal water resource allo
cators. A typical charging system requires the farmers to pay a flatamounL per season depending upon the quant i tv of land owned or
 
operated. 
 I f farmers have learned from experi e(c that they do not 
get equal treatment from the engineers. they resist paying.


What follows is not meant 
 to describe any actual situation 
because water fees would not and problably could riot be collected as
 
imagih oc in Lhse 
 thbought experiments. Every water user is 
assumed to p.ayN an assignoed share of the global cost. Hlow does the 
Form and timing of the levies affect the activities of the average
farmer a Id the amoutU of water entering the project? In the real 
world the irrigaton authority may .act as the tax collector, but that 
does not mean that the authority does not want to del iver water--or 
ever reduce use verybY much due to the charges. 



Start of Season 

If the levy is made at the start of the irrigation season, and 

water can be supplied to farmers bn a flexible basis, the amount of 
revenue collected will be a function of the general price elasti 
city of demand for water by the group before land preparation begins.
 
Water demanded from any source will be cut 
back by such charges, 

possibly by agreeing to shortened turns or through some other adjust

ment. It i. not unusual to have to make some sort of declaration 

about up-coming water needs, before planting gets underway (based 
on proposed cropping patterns for example). Thus it is possible to 
obtain an allocative adustment from individual farmers or from the 
user group through a tax that will be treated as a short-run fixed 

Once such an agreement or decision has been made, an individual 
farmer will be happy to receive as many actual units of water during 
the growing season as possible since payment has already been made. 

Indeed, farmers have Lo l iye with what they get, but they wculd be 
unhappv to not Lake del ivery of the minimum paid for. 

These speculotions serve a purpose becauce we are forced to 
realize that some questions would need to be answered about alternative 

uses for the "unsold" water i f taxes were imposed or increased and 

the farmers reacted by cutting back average water demand. 

During season 

In Peru water users make declarations and pay in advance of
 
the season. Or, they can pay by the month in 
advance during the
 

season.(Sarria, 1986)
 

If the levy is somehow collected during the course of the 
growing season, as units of water are delivered, there may be some 
general reduction in use if farmers run short cash or thereof is 
a lot of rain. - whatever. The irrigation Authority might raise 
prices to cut consumption or lower them if marginal costs warrent 
the action. We might imagine that these individual "purchase" 

decisions would cancel each other (if the farmers who were willing 
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to pay for more water could obtain it).< thereby ensuring that the 

net water flow. into the system would be unaffected. But why would 

such decisions cancel?. There might be a tendency for the majority 

of users ,T,'make the same kind lof allocative decision at the same
 

moment. Again, whether there is an alternative use for any "unsold"
 

water, "outside" the current user group could be an issue.
 

There are run.-of-the-river situations where for some reason
 

less than possible diversion is occuri.ng. It would be technically
 

possible for farmers to purchase "at will" within the irrigation
 

season if diversions were increased. If some purchasers do not 

come forward, the water wastes or is used by some other group down 

st-ream. This discription suggests a scene where average 

irrigation demand from within the project is low and it is con

ceivable that LOWERING a water charge would induce Farmers to take 

more water. But, since individuals cannot store much, it is 

uril ikely that they will pay any amount if they do not need it. So 
this is too contLrived to be very useful. it would be more usual for 
system managers to push through al I they can divert. 

In short, even the most casual analysis leads to the con

clusion that if intra-seasonal charges are expected to affect 
overall project usc rates there needs to be a mechanism to utilize 

any "water savings" that could possibly be supplied to additional
 

farmers, plus recognition of a requirement that water deliveries 

be capable of being switched on and off or shifted here and Lhere 

at will . Probaoly a miniMum requirement to achieve this amount. 
of flexibi lily would be for a system to at least have provision 

for sLorage. In addition, a secondary requirement probably would 

be existance of some sort of. local "water market" that would 
"clear" the supplies that. some farmers were unwilling to buy in a 

particular part uf the season. These requirements are seldom 

satisfied although some systems in California, or Spain, France, 

and Morocco come to mind. 

End of Season
 

Suppose the tax is co.:llected at the end of .the irrigation 

season, what then? This timing of collections conforms with ex
perievce, but not much really changes. In unusual situations, as 

noted, an individual farmer might be able to request water when he 

needs it during the season and. no doubt, some sort of real nr p.-ji
 

http:occuri.ng
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mated volumetric delivery record would be kept so that he could be
 

billed accordingly at harvest time.
 

As hinted above, it is possible that the amount to be col

lected or the rate of charge would be known in advance of the 

moment of collection, probably before the chopping season begins. 

Therefore, farmers might make some water use adjustments in con

templation of what the final charges are likely to be. By the 

time harvest is in, a farmer wi ll have received whatever was de

livered (or that he was able to get his hands on). If no record has 

been kept and there has been no pre-seasonal declarat ion (that he 

was held to), the farmer is controlled strictly by how the system 

is operated and how wel 1 it has been designed. ie knows he wIl pay 

some fee based upon some average uni t of reference. 

Su1mmary 

Fees to recover construction and O&Mi costs of irrigation facili

ties can be levied in any number of ways that have no connection with 

waLier deliveries, or in amounts that have no connection with the 

cost of providing water. An easy way to link irrigation water with 

fees is via the land area served. This is fine if actual water deli

veries satisfy general crop needs or are stable and proportional. 

If an irrigation system is capable of responding to intra

seasonal var iations ini individual farmer demands, or certain farmers 

can obtain more than their alloted share, a means of tracking 

a:ckil volumes delivered is desirable. Nlany tube welIs and special

ive, surface irrigation systems satisfy this requirement. Individual 

Farmers or even entire systems might use "excess" water, but at 

least rhe.'would pay for it. 

It is possible to imagine ways to collect fees that might affect 

levels of farmer use in other Situations. Declaratons about the 

amounts desired during a season could be fol lowed up through adjust

ments in di tch rider routines. It is also conceivable (but im

probable) that irrigation water levies could cut down the amount of 

water entering a project. If fees are collected at the end of
 

the irrigtion season and have not been influenced by farmers'
 

desires, then what happens during the season depends entirely upon
 

how the systems are operated.
 

A lot of utility may be obtained from normal system measuring
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devices even if individual farmer deliveries cannot be tracked. 
 A
 
real benefit of measuring canal 
flows is to help ensure that the
 
seasonal quantity of water available to 
the system is divided .up
 
among the commanded 
land units according to system design, i.e.,
 
according to sizes of 
the various land parcels to be served. Once
 
even 
this level of equity is achieved, collecting according to
 
irrigation water units or 
land area amounts to about the same 
thing.
 

Orderly Systems
 

Thus, the actual measurement units in which water 
charges
 
are based or collected have 
little if any seasonal effect on
 
farmers served by systems that 
run more or .1ess as designed. If the
 
fees are raised, all farmers are affecLed on the same relative basis. 
furthermore there 
is no reed to reduce va u 

by fee increass in a system running as designed because if "extra" water 

is availble from the source in a given season, and there is 
a use for it
 

elsewhere, the excess does not need to be turned into the system. If there 

is a shortage of water, the managers wi push through a I that they cO-e. 

Only if there were enough flexibility in the entire del ivery system :h 

accomodate intra-seasonal requests for water, would volum-t tc measurm. ,i

make a di fference to farmers' decisions. Otherwise, they sirply do the 

best they can with whatever is delivered. 

Disorderly Sy.3tems 

Apparently the important thing is whether the system being 
considered opera.es in an orderly Fashion. As is well tknown, many 
do iot. (There are various mani festations. of disorder which, in 
this paper, are Iumped 

together as "head/end-tail/end problem systems.) 
Probably a large share.
 

Sterature deal ing with irrigation water pricing 
-overl ays an image cf 

HE/TE problem systems. Therefore we have to ask, "What twist does a H/.-* 

situation put into the conclusions reached so far?" 

The basic contention runs about like this: It is probably a gocd 
idea to have a system of water charges, and if it is based on a volumptri'! 

http:opera.es
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rather than area measure, then farmers who take or use the most water per 

land unit wil 1 pay above'average and might cut back. On the other har..i 

given existing head-end/tail-end relative utilization levels, col lect4, 

on an area basis do not get the job done: from either an efficiency or 

equity standpcint. 

This sounds rea. onable at first glance because, within a projact 

perimeter, somehow any excess over crop requirments in one location would 

be made availlable for use in another. 

Apparently there 
is a role for use of volumetric measurement to 
achieve a defined type of project effeciency -- i.e., that it operate more 

or less as designed and solve what economists would term a distributional
 

problem at the same time. The reasoning says nothing -bout whether the
 

tail enders would be wil 1ing to pay for the newly available water, and
 

assumes, conversl y, that head enders will not buy something they do riot
 

really need. All 
that is sought is potential for equi-marginal production 

efficiency based on equi-marginal water distribution within the perimeter. 

(Tie idea, introduced above, that tax col lections miight reduce the 
average amount of water entering the perimet.er in the first place
does not seem to be involved. 

Tiae "-+,¢ikrt..Fj~ii,;
- <li ST. I i I)1.1Tt-OTT (I,;I.S £ .d i,Sord L-r I5" s 5.telll i s 

tir Oulflh l-(2I:TTT 1aT IOT ,,cL'Idir' t act iOt. For tIh, price, of rel iln Lli Sh
ca (.+2Stt aclli evin T iilig ,at 'J s an11iv t.TT for i list i ho torlai 

et ici e,cy' , IeI ta iI. SOmTe f reec olli t-o -TS i iJ ITCT t pursuie 

otliel- j Is 1: ''Ioa 1- 11-1 TI1 TT )e (IO i tIe s2par-a .
 

AS E lllatt-21" Of: fact t an ilrigati 
on AU17 I-i t- V as rhe power 

and r.he skill Lo collect fees, it almost certainly has r.liipower 
to get order iIo-o the svSteli alol solve HlE/TE problems dit't.-c r..v 
througth rational ized deliver%patterns. OnC-ce "order" is gorten 
into rhe system, earlier concluson about collection Tnechanisims
 

apply.
 

The number one rule for irrigation program success is to
 
maintain order.
 

http:perimet.er
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Volumetric Measurement and the Demand System Exception
 
The main elements of a 
demand system have already been described:
 

physical ability of the system 
to respond to 
intra seasonal measured
 
requests. Irrigators In a demand system are in a situation analagous to
 
householders in 
cities who are 
supplied electricity or water for ho'me
 
consumption by flipping 
a switch or turning a tap. Two 
features 
are
 
involved: 1) usage is monitoreo. in some fashion: and 2) demand rendsto come in peaks. 
Thus, capl:zCl-.c (storage or source lio,' plus (lelivery) must be adequare to service the peak loads--at al I other 
times the sYstem is under-utilized. 

The classic resource utilization 
 problem and its solution, when
 
consumers must 
finance such a system, is well 
known. 
The idea is 
to entice
 

end users to switch to non-peak periods. 
 This is solved by marginal-cost
 
pricing. In 
other words, tariffs are 
lower during off-peak periods.
 

However, marginal-cost pricing may not recover capital costs under suct)

circumstances. 
 Equipment wears out, 
and full cost recovery may have 
been
 

ineadquate for depreciation or 
interest on 
invested capital. 
 To solve the
 
capital 
recovery problem a lump-sum payment 
is required of users who join 
the system. This payment can take the form of a meter charge, a "hook-up" 

fee, etc.
 

It is E-,5V tW colirci ve of" off p*ealk l1-r o s Lhi1 
 -I.
S
oper'ation. l)artic.lIa rly 
ir cropl)il-lg is conti nuous.anI facmers CotLIdirrigate at nlight. -Tie )eriods imm'-diatel%, be fore and afrer themain irrigation season could e thought of il 17h1e same waen T 
in t rI i(ia mu] svsteml so1u1,. tl.se f u ben e UIht.s mi- hm I be had 1iv 
LOtwERING wa-.er price--- ir i II[('s.

i3111: i t wol 1(.1 i ;-I,previ.rh t t, to in.-a such con,-eptions real i ties. There ar'e meters at block or UC% del ive,-.,

poinits 
in some loroccan :s.stge s, SO - pi i-in l)roclrl wo 1n b e.
technically 
feasible. A l ig advantage to farmers is tiaLtheY WOLIld 
nor have to pay for what they do not get.
 

Triie demand systems are 
rare. 
 They usually would require storage and probably Pressurization 
as well; storage makes water demand .even
 more 
"peaky" because users prefer 
 irrigate in daylight;
to 
the systems
greatly reduce short-run varrable costs so 
that, within limits, users
need only to 
pay for installation in 
some manner and metering use can be 

ignored.
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EFFICIENCY GOALS
 
I 

In LIhis secr ion an arr. emipt is Inade to wlirl out. what "efr'ficienck:" 
means in an irrigateci agriculLure COilLext. 

A common idea is t:hAr farmers waste water and that irri gat ion
 
cha.,-rges. by 
 putt ing pro(:Icr.ior Con-s l:. woUId lead to greater
 
o-iF1I appiication efficielncy. The cieneral shape of 
a different 

2)) ii oll i, 12 eat I r!e a-d k, b en 1u de 1 a I S i . I 1 ill mi C hal 

It. IV I f (-I _ k%,tr 12r Fillll.,t a : I ' 1 (I i III ( -i IdieS r :v'c I is 

Iui te S('I:)puII I F (rOmWhatever h dral i (-fi inCi enc\ is achi eved 

T !,- :,:t,..,J'ce maci i ies. Is is also cl ear" tIaIa ppil) ef fi pl ica ron 

2 ] vL,i i I t. I_ a Uod i lndex o f soc i --I I Ffic i encv tLe h i ghei" the 
i Iiii;oi Ie l at1t.er. .11 a''J' I l'2F t I Bu a i111i i1p1.mL pIUrt elation

u - I' ) lIo I(I -o conveyanli ce o ).-cv the idea that
Ffi ci ' bevolld 
1.11t? SAle aImo .In O: water, a t he. sam-. source. wi 11 
 serve more fa 'rers 

Ilie conve,ce f~ iciencv i's higll. This saYs nothing about the 
uA:.-to-(21 
v uti IiZation of the faci Ii i ies, once in 1:lace.
 

The con 1usilon reached is Lhat ii: is no: 
 very, useftll t-) think
 
III COn'.ni: i I t1
erir'iS b1u011t: the s'-oc-ial OppOrtuLItI IV CoStS of ut i 1 izin1g 

The 'goIiiLe I )Zasi s 01 this co l - in is; immeditiel:ly transparert 
,,,)rdi i a lI Mo"law of- cO.ssun .". W-a r1 'i ces should I)e
 
- l ci,:.)l. swcieot,,'s marginal cos- :.;hor
o run utilization of 
I,'FcI 7:L [l u cc .'LJ[l reas, cha rges b(,[oS, .
 to 1e ra ised to reduce 

F: Ii i e JUii zation of Conveyanc,2 Fi i ies 

argi;ial cost pricicing is the touclhstone for economists' policy 
Prescriptions involving the level oF tILilization of 
public resources.
 
Where a large fi.xecl investient is involved tLhe short run social costs 
miohlt be quite low. In this section lhe argument is made that, al
though sunk costs are involved in public: irrigation facilities, lower
ing prices Lo MC will not affect rates of utilization in cases where 
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the rule con be invOkecl and that in manv other cases. NIC pricing 
cannot be invoked to begin with
 

For present purposes ?
tie inain l ines of' econoiic ihougblIt about
ef:ficient pul)l'ic resouL-ce utilization can bi- summarized asfollows: a) The best situation would be to utiiize th1(e resoui-reat the level where the marginal benefit (marginal value or revenue 
product) eglalIs margi nal social cost. This would maximlize t.111' StLM ol)lr(:ucrs" and COlISmlll-s' StlrplIS. (See Diagram *2,*) h I 1-r1C,Va Iue i f th e mIa ' l i l- ll prn.til: is uncmi ear, pricesi iJl IutLI) t.I a0; 1 . 

v:. lI uf iliarg In -I I cosi: S a ' i aa Itc d w i LIIwi h wIja LeveLv levI (,ilisage iaterial i F s.u pli c es wouldIbe adjusted <s lO U'p.or down. Ei ther of 
UlC. 

these fl[IOtlo(SIIi i hTl not : eera 0rI'l o iie, htwoul1d cover all i lvestmll, toslts so resort lli ght be made to a. twk'opart tari ' f. c ) Pricing ol an av-rage cost basis miglht Ibe less 
1cFliCielt, bUt cost 'ecoverv wouldI be autOnlatic. 

9 -- _ . • . . 
Z. 4 P1 l . 

Ca5 

Reference to (a) is all that we require at this point. Opt.imumusage requires that .-upply of service input(s) can expand or is adequateto equate MSB 
 and MISC. (This equality may be "hastened" 
 by presenceof congestion on the supply side.) IgInorinq any limitations on thesize of 
the aquifer, a public tubewell 
system could be utilized as
suggested by the left hand portion of Diagram 2. Various studieshave been made of the MVP of irrigation water based on sample survey
and experimental production 
function data. 
 No known study also in
cludes a discription of the "shape" of 
the marginal social costs
of utilizing the associated public 
investment which underly the benefits
estimates. 
However, there are separate studies that do make social
cost estimates that might be 
invoked to decide whether the right

hand side of 
the diagram is reasonably depicted.
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The argument of this section is that it may not be possible
 
to bring MSB arid MSC together by means of adjusting prices because
 
of capacity constraints of the 
 typical irrigation system. (As drawn, 
Lhe State could collect more and more revenue by raising prices and
 
vice versa for consumer surplus impacts. 
 To see what is going on
 
in a hgh cost system 
or a wrong crop system, readers may wish 
to
 
shift the appropriate 
curve ip or down.)
 

Ut i izari.Ii ( loi(1" l llIISrl l . i 1iL horr Run 

-111E: '(-7t ll.!lih -I "t ."S W .J\. I i i 'lJ .Si~I.II- .'ii;.~._ l ay c, au" .:5 1111:Jll.-et. 

-roitfillSi ll. TILi1 151! 

consideration is the time period before any resources are committed to the
 

investment. 
 During this period, risk and potential payoffs are evaluated, 

based upon expected sel 1ing prices of the proposed production. In the
 

private sector, if all goes 
well, the investors will meet expenses, recover 

capital with interest, and maybe earn additional profit. Thejmay be hAppy 

to rol 1 their capital over into another round of investment. If they are
 

unlucky, they 
 lose capital or go bankrupt and are driven out of the 
indu-st- y. Of course, if the next investment 

horizon appears brighter, a new bdLch of capital can be rounded up and the
 

promoters y. try again. 

Public sector investments may also fail if hoped for demand does 
not materalize or 
if operating costs cannot be controlled or if prices are
 

deliberatly set to confer subsidy on consumers. If costs are not covered,
 

constant decapital ization wi II 
 occur and this might be accompanied by a
 

fall off in services offered as well.
 

Once the public has built facilities a certain type of reasoning
 

applies: the schedule of charges 
 to be levied may be set to cover full 
costs to society or recover just the cost share that society says must be 

recovered. 
Once a facility has beeh built it is possible to think in terms
 

of sunk costs. In the private case, if planned 
for demanJ does not
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materia ize, the'firm does. the best It can to cover varable costs and 
recover any portion of fixed 
costs possible. 
 The firm does this by,
 
accepting any unit prices above average variable cost and 
produces where 
price = marginal cost or, if it can control .elling price, management cuts 
back output until the 
new marginal revenue 
 marginal cost. 
In this manner
 
it earns 
as much return on 
the fixed factors as possible.
 

A public entity facing a slackening in demand cannot do quite the 
same
 
thing. Although it tends to.have monopoly (price setting) power, it would
 
preier to maintain output as 
 though there were competition i.e. where mc=mr
 
(or ar=mc). This choice is due to 
the relationship between sunk costs and
 
society's opportunity costs. Once 
resources 
are 
fixed in place, the short
 

term social costs of utilizing then! are low; the more use the better. User
 
oes need only be 
 high enough to recover variable costs of day-to-day 

operation. In some extreme cases, even the variable costs are very low or 
nil , then the use of suL1 fa iI ities as rail road tunnel might not cost
 
society anything once 
 the resources are committed. Setting prices 
accordingly would 
encourage use and 
increase social 
benefits.
 

lAiere individl'i I use dcci so,. colnirol "flow". the froce1 ;o .t { ]Iiuac.i I i i . Cr2( e congestion so great as to lead totOt; 11 I Ocl~ac(je \s.- i Id1l i v idnlua 1 costs rise due to Ccones i - ma r'o i na I.:? Il cost rises ' -ri fater. The fn!ee or low COSt PSO icV hasPI 
I,,. cl lieclonlfLI) . A spec iaIl to I I equal IIo t ?hedi f f e r ence I)erkvwe l.ithj i I(a I anid avera 
e SOC i ai costs a t peak use, miiIV be use:I to reduce 

rh, ,s.e of resourI'ces duc! t.o) congesLion. 
Thr-, conveyance faci 1 i ties of irrigation systemis are somewhat 1 ike;-t Footbridcje or railroad tunnel there is a maximum amount that canflow, given the pipe or canal dimensions and the rate. The investmenI in the facilities, once put into place, also represent sunk costs.But at this point the resenblance ends. Unless the faciiities are
quite flexible, individual 
farm.ers cannot directly add to 
flow
rates: 
they cannot cause congestion in the highway sense. 
There
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is no gap between average and marginal social costs at capacity,
 

there is no gap for a toll to close. Cllrges may be set to 'collect
 

revenues and their effect might be to cause the facilities to run at
 
l es.s than ,,apaci t%. And, i f the charges are later reduced, the system 

ni qht rever t to full flow. Even i f the costs of O&VI were to be zero.
 

and w,'ater charges were to )e removed entirelv, the .s.v.S ems could
 

riot carry additional water, even though farmers presumably would be
 

: I i1: e 0t o11 Iio e . 

' I i,.'. t il o) S'.stt l.s I)'.' zOIFIC 

i ,_*l[I l~!Ja un i lei" s I.11"cr.s .su.ch as riml-of - Lh --l i ,'on, spr- irn:;s, 

l: ,,:i . O,]p s all:! soni111 dr-a ilis. ant:l lnnlla Li 'al1Iv pute .SOIIe [I [-] ,_2 i h)i l it"'.' 

l'rt-v i 'igt: io' s.s.ellis. I la-soasotle ntr and adjustment ofjut 


i ke I' I CC)1lll111 I un i s (.ssib1e
.1t-,1 5 Li i:lt t? .11I jl 1'u( s aL t: l. I i, tO 
1

I . In llnle lan ie f 1o a t: Ihe solnc ml e.s i~he l ow is above avet1,ei:. 

or t he coiive~anc apac 1.v ,r Ete Fac i 1J1is is .erioral I less than rth 

ava i I abi 1ii tV a l e SOiCo-. In these $Syte1S yol. t ake what vyoL can1 

g t2r. w- enl i s ava i IDh,I c. Oftori the source uILISt be shared wi F' some 

or ir nFi ghl ho lder. 
l'Ij i IILIIO !: l~ S~li'l? re i i's/ tamn..S at ft'c -I Cntr-o IO1 ei"'''v o 

dl i ye ties UI~ii i I the st ora - runllS ol. t. The storage featl.lnr con fer. 

Io xi b itv. Watr-r wi 1 be rel _-isel accorcilig to the sem malln
aqeinen1 t: 1) 1 all on accO)rd i ng to soltte hi I aiice of need to ,arry over 

'ci r- , spi: 1 1 eXCeSS r-nlrno F , or rien 'th I Ic P0 ti-ic (26 et . The 
r..e 11 do 1.C -e(1 iIt ,111 lt I s i 

a ne-ilt~inorie t plan wi 1 1 tend tor redin ie tat ,flaci I i ti's rt-si . 

C11:'i:-i t dt.in i rj 1I; i i r igot i on per i,1 . c0 iIt aount1 1, of sch -cu -

I I i adjustmenn il "t possible. Not al I inks and reso-voi I-s have 

"SUI!,l uS' t.o sel 1 , oven i f S(11iie foe-Is won I ci pay for exrlal1 water. 

Thus what has been termed F I exi ) i i:vi.does not r ea11v mean 

ab 1 i t. ' to b)e total ly responsive to cr-op (farmer) needs, except ulde r 

1i1,lo4.Z sopli St icat ed systems 

The very control that is possibl in f' exible systems--assured 

or- stable v'cer releases--tends to make N(1- ipr-icing inapplicable, at 

least in the high season, because the facilities are running F1Ull or 

are on strict lateral rotation, and the flows canrot be increased. 

In uncont-rolled svstems, the reverse situation applies. When there 
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is too much water (earlv in 
the seasoR) the managers will be divert
in! all that is .possible (or what farmers wi lI use). Lowering prices 
will not increase flow because- either the canals are full, or the 
farmcrs do pot want water. Durincg the remainder of the year. 
there 
may be exzess capaci.ty in the delivery elements, but NC pricing.j 
is irrelevant because diversions are limrted by low flow at the 

There are 
cer tain unusual si rat.i ons where this arguc.m1ent may
 
ow (110(1:i Fied st oraje i'eservcoi rs appear PION-OSi*S.- e 
relar i\V o) i,hecon*
. yiic: netlwork. TIlle Soci al cs.tr of a:kin glrea r: i s o chi
h?
 
-, . , i.S low. Oii t IjI i iitr lrie. or contracts down r'w i I 
nt 
 c ?ou.irac-e III Ie t hrtLicliput i t he caaIls ,a :Id di r.reil'c rilliniru ni
 
ril I However, at the star t or endcl of the i rriga tion season. or
 
possibly at ni gh t, it 
 might make .sense to trv to move some e.cess 
'_-O e'. by some sort of off p)i' ll'* itI- i l'q. (The iini tations to
 
chis procedure have been bouhi.tl: our ear e r
c")
 

Societv obtains the miost bene fi t fromni its iliVes nl p'ubl 
nti:I on systemns if e fac i i ifai 

it in liC 

s can be oper-ated on a con
r:i, cumsflow basis. Marcjinal .(.ost pr ici r.t, may help achieve this
 

9O:aI iI C,:rLta in si tiat ions. 
 I t is nearIV mean ingless to adviac., te NC
 

cinq as a basic chargi n I tool.
 

EfFiciency of Irrigation at 
the Farm Level
 

This section covers how water charges can be related to agro
;nomiic/hvdraulic definitions of efficiency of use. The main 
con
C.iision is that "efficient use" takes care 
of itself. It all
 
depcmds upon what is meant Iy the wor(.
 

At.'olmolm ic arnd Hlydiraulic Efficiency
 
In an input-output sense, neither conveyance 
facilities nor
 

planLs are 100% efficient. Ito~ever, 
it is possible to speak of
 
100 water application efficieny 
if what is supplied to the plant.
 
equals transpiration. In practice this value is rarely achieved
 

at Lhe field level because of the expense.
 

There is a difference between potential plant yield and
 
actual yield (Ya). Potential or maximum yield (Ym)ls a 
function of
 
available energy and 
can be estimated as a 
linear function of
 

http:bouhi.tl
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Class A pan evaporation from a station inside an irrigated field.
 

Pan evaporation is determined principally by air temperature and
 

incident solar radiation. Actual yields are influenced by fertili

zation, planting density and soil moisture availability. There is a
 

similar relationship between evapotranspiration possible (ETm) and
 

what plants actually achieve (E'a). 

Various models have been developed linking crop production to
 

evapotranspiration. For example, tne the relation of actual 
to
 

potential yield can be written: 

Ya ,ETa
 

Yin ETm 

where ky - a yield response factor that relates the decline in Ya 
to the unit decrease in ETa. (Hargreaves & Samani, 19S4) 

Tierefore in order to move the ratio Ya/Ym towards uity, ETa must 

be iiimo'edt. 0 OClu1 ETI. 

Thle amount of irrig ation necessary to achieve this equality 

is dependent on the efficiency and uniformity of water application 

available as precipition plus other factors. As water application 

is adjusted to push ETa into the range for high yields, it becomes in

creasingly difficult to maintain high efficiencies. (Ibid, p.345] 

it is also possible to think in terms of "hydraulic effici

.c 'IY. This refers to the notion that once water is brought 

under some human control , gravi ty may be employed to push it from one 

place to another. What winds up in the drains of one project can be 

used again. And what percolates into an acuifer may raise a water 

table somewhere else (with good or bad results) or recharge the river 

it was originally diverted from. 

Already it has been noted that increasing project water prices 

to users might cause some overall reduction in water entering into the
 

project, if the charges cannot be focused on particular users. The
 

residual amount will be avilable for use somewhere else, or maybe it
 

will simply flow into a lake or the ocean. 

Maximum "hydraulic efficiency" means obtaining the most
 
"duty" from a.developed water resource. Thus, efficient water use
 

may also imply something about a global view of a source and possibly
 

a whole basin or watershed; a single project viewpoint is too
 

narrow.
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Water Charges in "Excess" and ".Deficit" Situations
 

Private irrigation systems tend to be left alone by officials,
 

although this may be because they can be monitored at the source or
 

diversion, easier than at the farm level. Probably the tendency
 

is to collect any required fees from private groups in as simple a
 

fashion as possible, for example, in the form of annual lump a1.ses

sment of some sort. In any case the collection method niay or may not
 

have important impacts upon rates or methods of water ase. The group 

may levy its own fees in addition. This does not suggest that 

there might not be some adjustment of of water supply during 

the irrigation season. But the adjustments will comc about as a 

group management decision arid have nothing to do wi'th levies wn 

farmers. Group management proceduires aind systems of conflict reso-
Iution have to be relied upon to generate whatever the priva'te users 

are willing to accept as "efficient" or "fair." 

Public systems are another matter. Those based on tube wells
 

come in many varieties. Some operate about like indidual private 

systems because the farmers can request water. Some deliveries are 

metered and the users are charged according to quantity. in others 

the user group may be asked to buy diesel fuel if they want the pump 

to run or be asked to take up a collection for spare parts when there
 

is a break down. Thus there is a kind of self-imposed "efficient" usE
 

of water in such cases. It 15 the s,.me as saying that only the
 

amount desired will be diverted. This is not a problem because the 

aquifer source is a reservoir. On the other hand pumped systeis 

often operate just like any other open channel system once the water 

is turned into the main canal. The pumps are run, the canal flows. 

As already noted, in non-sophisticated public systems, fee
 

collection can easily be mnade to cut down overall water use at the
 

project level (cut back diversions). Presumably there would
 

be another use for the "residual." The charges may or may
 

not affect intra-seasonal water application rates by farmers. Also
 

it is another matter to try to use charges to solve water distri-

bution questions; only specialized situations lend themselves
 

to tracking individual deliveries. This is an important prob

lem'area that might better be handled by direct action to make
 

members of water user groups follow the rules of the project.
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E.xcess SuPl ies, In discussing efficiency in 
the context of traditiona
 

systems, it must be borne in mind that even a well 
designed gravity/furrow
 

system will 
throw off water which normal 1y will be used el swhwere, outside
 

the project, as supplemental supply or 
to irrigate dry land. 
 The only way
 

this will not 
 occur is if the project is designed for high techology in
 

the first place (and 
no leaching is required) or 
if the known supply is
 

streached 
to cover "too 
large" of a project perimeter.
 

Crops can only utilize so much water. If the amount available is 

"adequate" or "over-adequate," any excess percolates to underground
 

aquifers or returns to the river system. Either way, eventual ly, other 

irrigators can use it. Planners should 
view on-farm efficiency in gl3bal
 

drainagre-basin terms; their concerns should not be limited to the specific
 

project of interest. Water charges estimated for a project might very well
 

be imposed on beneficiaries outside the perimeter. k'2'e have already 

covered the possibility of "overuse" in 
one part of the perimeter relative
 

.o another.) 

If more project-wide "efficient" irrigation is achieved, by whatever 

means, less water is 
diverted to 
fields. And, again, the residual, left in
 

the supply network, 
may be used used elsewhere (immediately, relative 
to
 

waiting 
for it to appear via aquife movement or overland return). It is
 

also possible that diversions are reduced and
not more land is irrigated
 

with the same amount of water. (and there is reduction in potential 
overland
 

return and 
irrigated land el'sewhere).
 

Leaving aside the HE/TE problem systems, the most important potential
 

use of water charges to 
reduce average project-wide water use, in
will be 


situations where 
land is 
flat and water logging is a threat or 
is already
 

occuring. (There might be 
some concurrent shifts in farmer production
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decisions, especially since associted salinity problems may be
 

present.) Whether the reduction "in water application due to charges
 

would make possible some si-fts in supplies to new areas would depend
 

on the specific water source and its basinhydrograph.
 

(701.ies, 
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Any time water is constraining farmers are automatically forced to 

make an efficiency of water-use decision. New techniques will be 

introduced to (teal with persistent shortage if cost effective 

methods and market incentives are available. They may realize before a 

season starts that water will be short. Then they have to decide whether 

to leave some land unplanted in order to concentrate expected water 

supplies on less space. Or, they may be into a growing season before some 

choices have to be made. They have to decide whether to short all crops, 

concentrate on a cash crop, save a food crop, and let the others go. 

In all of these situations, in orderly systems, efficiency of 

water use is guaranteed by physical shortage.
 

Systems that are persistently short of water, however, operate under a
 

lot of "tension." There is great temptation to steal water and disrupt 

whatever pattern of operation has been devised. Thus, one of the side
 

effects of attempting to bring as many families as possible inside the 

perimeter to share in the benefits of better soil moisture control, is the
 

http:I~I(:.II
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A system may be wel 1 designed in tne sanse that an attempt has been
 

made to match'the av.ail able supplies with the expected consumptive use.
 
demands of the crops, and 
it may still experience bad years. 
This is
 

especially true for run-of-the-river and other uncontrolled systems.

Vital 
off-season precipitation may not materialize and farmers willbe
 
faced with water shortfalls during ensuing critical growing phases.

'Jnless operating rules 
for such contingencies are 
enforced, tension
 
builds as 
the tail-enders suffer. 
 In the Western USA, suffering is
 
automatic because "prior"
 

rights holders are suppl ied first in 
a dry year. 
But inside formalized,
 

public project perimeters, designers and 
planners do not 
look forward to
 

such institutionali-ed distribution effects. 
 Probably they would prefer to
 

spread the suffering. 
 One of the most important aspects of keeping systems
 

orderly, 
therefore, is the requirement 
to give even handed treatment to
 

al 1 users, rich and 
poor alike. Water user 
associations 
(or other
 

allocating authorities) 
 have to be both strong and fair.
 

In a water-short situation, existence of a system of water charges
 

will not 
affect efficiency of 
use one way or another in an orderly system
 

(unless they are 
set so high as to 
reduce diversions). 
 There is no "waste"
 
to control. 
 If a system of charges is overlaid on top of general ly
 

inadequate irrigation supplies the goal 
can only be 
to collect revenue.
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Microeconomics of Field Irrigation
 

It is very difficult 
 to do a good job of applying water by
traditional 
methods. 
Efficient frrigation is expensive in 
time-,

effort, and money. 
A rational farmer will 
substitute water 
for

labor every time he has the chance and will Possibly profit in
the process. As Keller, et. al. have recently pointed out, "if these 
costs are overlooked by planners, wasting water seems uneconomic and 
irrational." (1986, p.1)
 

Probably 
the single biggest boost 
to irrigated Yields is 
high

uniformity of water application. This is what sprinkling and other
high technology is mostly about (the causal observer may thiink tha.t 
the important function of these devices is to save water, but that 
is secondary). 

In traditional surface systems, the only way to get uniform-.itv is to have level fields. A really high degree of uniforimit re
quires precision levelling thllat is impossible to obtain bv hand or 
an imal methods. An average 2.5cm cut across a single hectare amounts 
to 125 m3 of earth to be moved away. This explains why rice seems to 
be the single crop that farmers know how to irrigate--the standing


water covers up surface lrregllarities that even very careful
 
paddy preparation 
 cannot elimina;t1e /
 

A farmer has 
 no other option than to do some minimum amount of
levelling if he wants to irrigate at all. Each year he may devotethe energy and money to 
do a 
little more levelling plus he always has
 

to 
touch up deterioration from the year before. 
 After that, 
if he aims

for efficient water use, 
tow choices are 
open: 
 he can either run up and
down each furrow during his irrigation turns, hoping to "cut" the 

water through al l the hi,.lh spot before lie runs out of time (or money
to pay for help) or he can invest in more serious hand, bullock, or 
machi ne level 1 ing. 

No Special Levelling
 

Figure 
1 shows the hypothetical costs at 
the farm level
 
in a traditional 
furrow irrigation scene. 
 A unit water supply

1.0 is the ratio of the available water applied <AW) necessary 
to
 
support actual evapotranspiration (ETa) 
to 
the amount necessary
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F ig. 1 llypothithetical practical upp.-er limits (°) on 
seasonal irrigation costs farmer will ing to absorb and
 
implied application uniformity necessary for 
high
 
efficiency--no special levelling 
investment.
 

(AWmax L0 Lul1)P1)oFL 11aX iM)1.1! va po transp ira t-i on ( E-m ). Due to
 
various iniel~lficiencies in even the best surr'ace systems, maximum 

iel-ds wilV~~ oc()_cur wh~ere A'I/AWm = )1.0, or about 1.5. '71hUS the 
PQe~il' if, cost,,-- is real ly somel:_what: to tlhe right 01- UwS = 1.0. 

1 1' t!Aic-' r ez chooses nlot to inrvesL , lie inrcurs all annual cost
 
CF irrigat11ing9 fields
Iis th~at is a function of hiow, hard lie tries to, 
be efficie-nt wti1i t l~e water delivered to him. The seasonal
 
irrigation cost the farmer must bear is mainly 
 composed (of labor
 
e'O It IOIU101ho9gh some amount 
 of "O&M" is involvedl (h~oes, shovels,
 
diall1' e ias callIs 
 for his help to maintain the general conveyance 
net wor01k, eLc. ) . "dashed ofTlhle segmen~t hlis labor cost curve indi

.sthlat he(2canF 01n1Y "go so far" ill achieving high water appli
ca-tionl efficiency 
 in any given season. To do better would require
 
a more 
 or less instantaneou~s, infinite, investment 
in land level
ling time and effOj'L. 
 By spending some additional money on 
tools
 
anld dalls, hlowever, 
 lie could at least manage O&P1 where UWS = 1.5. 

O&N costs rise with] the attempt to be more efficient because 
more tools anld m~aterials are needed by the additional laborers
 
requ ired. Where water management is important,
less these costs fallI 
The sh~ape of the labor cost curve has been partially explairled. The 
rema inrder i s stra igiltforward: 1 eft. or- UWS 1 .5, a ha~sfarmer less 
and less water, and reasons that he can. put it 
in any easy- locations
 
.Wilth about the 
same effect; movin'97to 
the right of 1.5, he.ha~s 
more and more water and less- and .1-ess need to manage every d.on-_ 
(cf. Kel ler, et. al . , 1986), 
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Fig. 2. Field irrigation costs related to gross profit from 
tiraditional wheat production, Pltarashtra, India. Adapted from 
Keller. Sawant & rlulik. •1986. Fig. 2 & Tab). 1. Value of labor
 

(hypothetic al) to achieve high uniformity prevents irrigation at 
levels of most efficient U.w.S. 

In Figure 2 the farmer's net farm or crop income (less the farm 

costs of irrigating) has been added.. Data for wheat production
 
.1
 

in tarharshtra State in Ind1ia are plotted in in this figure.. A full 

description of the sources and computations are given in Annex A. 

Both the O&M. andgross profit curves are taken from the wheat ex

ample. The gross profit curve is wheat. revenues less production costs,
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net of the costs of irrigation.-
 Net profit is the difference between
 
the gross profit and.average variable cost 
(C). Some unft water
 
charges are 
included and the affect upon the variable costs is
 
indicated (Cw). 
 The underlying production function decreases to
 
the right of UWS = 1.5 due to water logging and is 
pulled down
 
more 
sharply by increasing salinity. 
Production costs do not 
fall
 
proportionately in 
this process, so that the net 
return (less irri
gation cost falls 
even faster).
 

Suppose a 
per unit water levy can 
be made in 
this situation.
 
This is indicated by 
the ray (W) from the origin in Figure 2. The 
sum
 
of the seasonal O&M, 
labor and water costs is shown as 
the highest
 
dottecd curve (Cw). The 
labor costs shown (L) only take into account
 
the average times necessary to apply various volumes of water at
 
,:n verage level oF 
 un i tcril i t V. No in form1ation is available about
 
.he special el:forts that would 
 be neC ssary - to "spread" the water
 

b Lr. Except lor this point it wOLld be most 
 prof itable to
 
operte at peak efficiency evern if the 
water charges were doubled or 

(-ed. flowever, the "costs" and "returris" in the raige of maximum 
lrrliia Iproduction should be ignored, they do not exist. This is
 

sh.'lowni by the hypothetical 
 "blip" of excessive labor costs drawn cen
te'r(d oil UWS of 1 .5. 

Excess Supplies. 
 Ignoring the unattainable area, 
we find that,

wi ltiout water charges, profit near 2.0 is greater than at 1.0 (by 
about $50/ha). When water charges are included, profits are re
luced but not by enough 
 to cause the farmer to give up wasting water. 

The economics of the traclitiontal si tuation are clear. It 
is possible that a farmer will make more money (or- minimizes his
 
I1,sses) on either side 
 of: UWS = 1.5. In economists' jargon, it may 
be betL ter to o)erate in stage 3 of the production function if the 
wt&t: is; available. In fact the farmer hias little choice in the 
matler', lie cannot operate at 1.5 even iF that is the supli ied amount;
 
io il.tter how hard 
 he tries. This means water is "wasted" in some 
cases. Remember, however, that this "waste" is utilized elsewhere, 
or could be. 

1, Figure 3 contains the net profit potential for the Indian wheat 
example. 
These data reflect hand conditions with some allowance
 
for costs 
to attain somewhat better efficiency in irrigation water
 
t.tilization. 
 When account 
is taken of the additional.costs that..
 



- 32

4, 

-*-!-- . . . . -.--- . ' . ,-- .... . --

: 
30--

/. er", /r- e. " 
- LA 5.,FF0, T 

fA 
/. 

give:degore aeAo "oi"ac
 
€


/ / 

/
 

/ 

/ 
/
 

, 

100 Fi e a. w e t p o i e a e, to av il bl u i 

Fig. 3. Net per ha wheat profit relative to available unit 
water supply, India. (based on Fig. 2) UIWS value not critical 
given aver-age degree of uniformity implied in data. Hypothetical 

additional effort to achieve uniformity may be unprofitable.
 

i.rrigation turns, the interface of staJe 2 an3 of his production 

function will not be of interest to a traditional farmer.

:CFhe net returns curve can be redrawn allowing for irrigation costs 

in traditional system as . Since this profit function is not 

continuous, the negative MRP curve .implied by the highest part of
 

the ri,ht. hand blip, may be negatiVre. But it will still be
 

CLII from the bottom by a negative marginal input cost curve 

'where profits are maximized at the right of 1.5. 
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Deficit Supplies. in 
a sense some of this argument has been..
 
misleading, because land area has been treated as the constraining
 

factor. 
 In many irrigation situations there is not really enough
 
water for the land that is supposed1 to receive it. Then land
 

may be varied to optimize the value of the fixed factor, water.
 

In the real world a 
farmer that is short of water in the middle 
of an irrigation season will put critical supplies on the crop he most 

wants to save. 

At the beginning of the season, however, he has a different
 
decision to make if he thinks he will have 
even less than normally
 
tight supplies. Should the water he expects to receive be 
concen
trated on a smaller area, or should it 
be spread out? The general
 
answer is well known, if we assume he 
 wants the most return per
 
unit of water. fie will stay low on the "production function"; accord
ing to the equi-marginal rule, he will equate the returns from more
 
than one production function as necessary. This means he will
 
spread the water, unless experience has taught him that intra
seasonal shifts and alterations in what actually gets delivered, re
quires that he start 
off with a certain amount of water concentration
 

ill his plan.
 

Fig. 4. Net profit per ha, varying cropped area
 
relative to fixed unit water-supply @ 0.5.
 

Figure 4 is based on the information contained in Figure 2 and
 
ba. The supposition is that the farmer expects a fixed water supply
 
which will result in UWS =0.5,per ha of land. (Appendix Tabl e 2)
 

If the farmer applies the water-at that-proportion, the net
 
return per ha (ignoring water charges)-is $210. If he decides to
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concentrate the area of.water application until 
the UWS is equivalent
 
to 2.5, he would'only need 20% of( his''land. 
 At that UWS value net'
 
profit per hai's.about $305. Thus, 1/5 of 
this is $61 per. ha.
 
Again, we assume that the region near UWS = 1.5.is unattainable. The 
greater the effort, 
to be efficient, the 
lbwer the profit. See
 
the value marked by the diamond symbol. This is a representation of
 
the hypothetical profit 
if he could in fact operate at 1.5.
 

The lower curve in Figure 4 Deis based on data from Figure 6a. 

pending on 
the type of proposed levelling investment, the area 
near
 
UWS = 1.5 may or 
may not be attainable, or 
even desirable. See
 
the hypothetical value inside the circle symbol. 
 Unless a farmer
 
can 
get above the upper curve, he will not invest.
 

This analysis reinforces he thought that 
if farmers have a
 
fixed and tight water supply, relative to the amount 
of land worked,
 
they willinot invest voluntarily the time, 
effort and cash necessary to
 
do efficient irrigation in traditional systems.
 

Machine Levelling and Other Techniques 

Figure 5 shows the hypothetical relationship of investment
 
in land levelling required to operate witnin a range of rela

tive water supply. In the diagram, we see that investment in
 
hand levelling will only be able to 
bring the individual farmer as
 
close to 
UWS = 1.5 as 1.0. A higher investment, using animals, 
moves him inside that range a bit. Employing a land plane closes
 
in on 1.5 a further amount. 
 But to get really close he would have
 

to invest in-laser levelling.
 

If the farmer has a low relative water supply he will not
 
invest ar/thing. 
 With more water he may be willing to level a bit
 
more using some technique. AS the relative 
 water supply moves to 
1.5. he has to invest a great deal 
to make use of this optimum amount.
 
T he dotted lines are mirror images of what has.just .been described.
 
If he has a relatively great water supply he will 
not invest his
 
labor in trying to be efficient. If the relative.supply is reduced.
 
.he will have to prepare the landbetter in order to utilze. the water
 
more effectively.' Finally in 
the range of UWS = *.5, he has to go to
 
considerable -expense to 
be efficient .withthe available.water.
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N. 

Fig. 5. Hypothetical relationship between
 
practical upper limit on expenditures (0)
 
and creating conditions for uniform irrigation
 

Possibly the laser levelling function can be treated as con

tinuous, but it is more correct to think in 
terms of a "gap" for
 

ordinary improvement techniques. The flat portion in each instance
 

is the maximum that the farmer is willing to spend in an exponential
 

cost situation. In fact, it is interesting to speculate that it
 

would be cheaper to get close to the uniformity required at 1.5 by
 

laser, than by any amount of other effort and expense.
 

A farmer only has two options for reducing the labor costs
 

of doing efficient on-farm irrigation: he has to make an invest

ment in either land levelling or in different technology.
 

If we think of levelling as his first option, his decision to
 

invest will be based upon an expected jump in yields plus a re

duction from current levels of his own irrigation effort, and the
 

expectation that UWS will always be 1.5 or better. If the long-run 

variable costs and returns indicate higher- profits from operating 

closer to UWS = 1.5, he will invest. If the cost is too high 

relative to hoped for labor cost reduction and crop increases, or
 

if the water situation is not predictable, he will not invest.
 

Figure 6a shows the long-run expected seasonal return prior to
 

investing in 
levelling with bullocks. The forecast annualized
 

cost of .investment intensity in bullocks is based upon data in Annex
 

A. When these variable costs are *added to those shown in Figure 2,
 

the long-run variable cost 
curves (T and Tc) are obtained. The
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T =Total 
profit expected after levelling investment 
T c Total prof-it after allowance for water charge
AF = Annualized value of long-rpn investment
 
T = Total 
long-run variable irmigation costs/season
Tc = Total long-run variable costs allowing for w. charge
 

I . \/\ 
lov 

. ----
 -


Fig. 6a. 
 Investment planning information for
 
levelling wheat land--India. 
 From Fig. 3 and Annex A
 

relationship of T and TC 
to the gross profits function in Figure 2
 
is shown as long run net profits potential (LP and LPc) in Figure 6a.
 

The wheat data shown here suggest that even if bullock invest
ment were made it would be more profitable to stay away from the
 
most efficient water use zone.' 
However, in this data, the level of
 
information available is 
not sensitive enough to distinguish any
 
particular profit point--a wide range of 
 UWS values (if they were
 
all attainable).would-generate about the same.seasonal 
profits.
 

Another element missing in the India data are estimates of
 
irrigation labor "savings" by moving well up the technology ladder.
 
For example-, plotting the projected annualized cost of a set of
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investments 
in various levelling technologies, along with the ex-.
 
pected labor costs, Would.resul:t in more definitive long-run variable
 
cost and 
return curves for investment decisions. 
The result
 
might look something like the illu'stration in figure 6b.
 

H. W-, - f-

P . ..73- --- ----- , 3 , L e K --. a 

/ 
 P
 

1-0 

Fig. 6b. lHypothetical long-run variable costs

and profit for seasonal 
per hectare traditional
 
field irrigation practices
 

If a farmer invests, presumably he will 
turn back any
 
future water deliveries that bring 1.5
UWS very much above 

Due to this presumption, if he invests, the short 
run labor
 
cost curves will 
be as shown in Figure 7. Annual 
farm O&M cost
 
curves will be some function of the levelling method chosen, and 
migh t stil I have a "hump." Annual fixed costs of the investment
 
chosen will also be some horizontal line (discontinuous in the 
1.5 zone), and will have no impact upon short-run water utili
zation decisions. A water fee may be imagined. The functions are
 
no- shown in any relative order. 

Already it is clear that we have a few problems: farmers are 
not going to go through the misery of making this type of invest
ment decision, unless the ri'sks 
are very low; too much shaky infor
mation is involved. 

Nevertheless, if.all works out as planned, a farmer would 
operate at the relative water supply he programmed into his invest
ment decison. "Excess" water will not 
be used in any year if he
 
thinks production might be adversry affected. If planned for 
water supplies do not materialize in a given year, the combined 
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Fig. 7. Post investment short-run labor costs for
 
traditional field irrigation in average season depending
 
on investment choice. O&M and water charge patterned
 
after fig. 3. Investment cost from Fig. 6b.
 

shapes of the water charges (volumetric) and labor cost curves,
 

relative to his expected gross profits, MIGHT cause his to 
re

allocate his water utilization.
 

Note that once a farmer has made an investment decision, his
 
short-run investment costs are fixed as indicated in Figure 7.
 

Thus there is no distinction between a particular levelling 
ex
penditure, installing sprinklers, or investing in some other uniform
 

application technology. The farmer will have e short-run fixed 
cost. that is constant relative to UWS. Thus, in the whole zone where
 

UWS > 1.5, he will be pushed towards greater efficiency in water 

use. flow far towards 1.5 he will go depends on the technology level 

chosen during the investment process (certain levelling methods 

may still leave a considerable "gap" on either side of 1.5. Water
 
deliveries temporarally received where UWS > 1.5, open up some
 
intra-seasonal options. Depending on the relative slopes of the
 

farmers's gross profit function and variable irrigation costs, he
 

may or may not move toward more efficient use.
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Summary
 

This mini analysis supports the concjldsions in earlier sections of.
this paper. In 
tight water situations, farmers will 
be efficient

in the sense that 
they will 
not waste water. 
This is automatic and no
water 
fees are necessary 
to bring the result about. However, to say that
they will 
not waste, does not 
imply that 
they will 
try to operate
(in a preseason planning sense) as 
close to 
UWS = 1.5 as possible.

It will not 
be profitable 
to do so. 
 The only way that invL.stment

will be made in 
more efficient water handling methods is 
if the
prospective annual 
labor savings and some 
intra-season flexibility

can be gained. ro farmer is going to 
level 
up land he does not
have water 
for--But something like sprinklers might have a place.


If the 
farmers' regularly expected supplies generate UWS values
1.5. they are pushed 	 > 
into the situation of maximizing returns 	to
land as a 
fixed factor. 
 Given excess water, in tradtional agriculture 
a farmer will 
not invest 
in efficient water handling methods.
unless the long run 
planning costs and 
returns are attractive. 
An
example of actual 
data suggest that, 
in the India wheat case, the
investment 
would not 
be made. 
 In any event, the decision is complex


and would require definitive data before any 
farmer would take a chance.
 
Even if water charges are levied 
on a volumetric 
basis, the
farmer will 
not move closer to 
an efficient irrigation position than
his profit Picture suPPorts--hie will 
hold at his best 
option and


"eat the 
tax." 
 if investment 
in better water handling is made, yet
it is difficult still to 
operate very close 
to UWS 
= 1.5, water charges
will have some direct efficiency effects. 
 If the water supply makes
UWS > 1.5, a volumetric 
tax will move 
the 
farmer somewhat in 
the direction of greater efficiency, but in 
the direction of greater inefficiency if 
the UWS value is 
< 1.5. Probably a flat tax will have

the 	same effects, only the tendency will 
be less certain.
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.ANNEX A
 

DATA FOR FIGURES 2.3,4 & 6a
 

Data for winter season wheat in the central parts of Maharashtra
 

State, India. (Based on Keller, Sawant &iMulik, 1986)
 

Annex Figure A was generated from Maharashtra data in a
 

simple production function of the following form:
 

y 
4 
I ai 
i=O 

i 
(awi) 

where 

ai = constants from Solomon (1983) 

= AW= relative available watera*ji 


AW = irrigation water applied
 

AWmax = AW at Ymax
 

=
Ymax maximum yield
 
Yact 

= - ac y = reliable yield 
Ymax 

Yact = actual yield at AW 

R = efficient rain + antecedent moisture content 

Assumi ng: Ymax = 5 ton/ha; AWmax = 450vim; R = 150mm. 

If Annex Figure A is combined with data from Annex Table
 

A. the tipper curve (gross profit) of Figure 2 is obtained
 

(assuming a peak irrigtion efficiency of 67%). Net profits are
 

estimated by subtracting the field irrigation costs:
 

early season touch up'levelling, cleaning channels, laying out bunds
 

and small field channels plus the labor cost of watering during
 

the season. Some field (9&M costs for tools and other hardware
 

might be subtracted-. II pumping is involved, the O&M costson
 

that equipment are subtracted as well (these costs would appear like
 

an additional water-charge, see Fig. 2).
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ANNEX TABLE A
 

INCOME FROM IRRIGATED WHEAT IN CENTRAL PART
 

AW Y 
mm ton/ha 

150 1.20 


180 1.95 


225 2.95 


270 3.75 


315 4.30 


360 4.70 


405 4.95 


450 5.00 


495 4.98 


540 4.80 


585 4.50 


630 4.10 


source: Keller, 


OF MAHARASHTRA, INDIA
 

Cost of Cultivation Incoixi Including 
Gross Income Less Irrigation Irrigation Costs 

$/ha 


240 


390 


590 


750 


860 


940 


990 


1000 


995 


960 


900 


820 


Sawant s,mulik. 


$/ha .$/ha 

141 99
 

207 183
 

269 321
 

297 453
 

305 555
 

305 635
 

305 685
 

305 695
 

305 690
 

305 655
 

305 595
 

302 518
 

1986
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Explanation of Wheat Data (paraphrased from Keller, Sawant and
 

Nulik, 1986)
 

1. The investment cost in levelling (see Figure 6a) with
 

traditional bullock drawn equipment would require 800 hrs/ha"
 

at the rate of $0.15/hr, or $120/ha, whereas the refined level

ling under traditional excellent methods with a tractor drawn scraper
 

would involve earthwork of 1,000 m3/ha at the rate of $0.30/m3,
 

or $300/ha. The traditional excellent method would also require
 

an additional $500/ha for pipe distributon and return flow systems
 

for conjunctive use. This raises costs to $800/ha. Assuming 
a 

capital recovery factor of 0.1, and different degrees of system per

fection for spreading the water with varying levels of unit water 

supply, the lonq-run fixed cost (planning) curve in Figure 6a is 

obtained. 

The hump in the planning curve, and in the seasonal maintenance
 

and labor cost curves as well, is explained thus: when the water
 

supply is very small, there is little or no benefit from precision
 

application of the water. However, as the water supply becomes
 

just sufficient for full irrigation to be achieved, the costs go
 

up because the precision of irrigation must go up. Finally, the
 

more abundant the water supply, the less efficient the system
 

need be, and both seasonal and investment costs may be reduced by
 

increasing the available water per unit of land irrigated. "We
 

are confident in our argument for the reduction in (planning) costs
 

as the watecr supply available per unit of land irrigated in

creases. Our argument for reducing costs when there is a short
 

water supply follws the logic that if there is not enough water
 

to fully irrigate all the land, the water (that is available) can
 

be applied rather casually, and whatever receives water will
 

receive full (duty) from it." (p.3)
 

2. The O&m costs shown in Figure 2 only include the amounts
 

necessary to set the field up each season for irrigation, in

cluding bunds and basins and the necessary small conveyance chan

nels. The values used are $3 6/ha for excellent irrigation and 

$12/ha for ordinary irrigation. 

A' 
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3. The 
labor costs shown in Figure 2 do not include anything
 
for trying to do extra 
fine levelling by hand. 
 The seasonal
 
costs, nevertheless, are highest when attempts are made to irri
gate at. the highest practical efficiency. 
The labor requirements 
at: this level are based on an assumption 6f handling an average 
stream of 10 lps. Thu.s, to apply a 100mm irrigation would re
quire approximately 30 
to 35 hours labor, plus set-up time. 
This 
amounts to approximately $5 /ha/irrigation at a labor cost of
 

$0.15/hr.
 

For ordinary irrigation, streams of 1 lps may be used, and 
while efficiency is lowered, so is the labor cost. This 'night 
fall to $2.00/hr because it takes much less time to apply the 
water. When there is a surplus of water, the cost should be re
duced even further, to approximately $1 .00/hr because the
 
workers would not need to spend tul I time in the fields whi le the 
water is flowing. The labor cost- cur-ve is shown as (L) in Figure 2. 

i. I n sum, a 1 1 the cost. e I emti'n ts have "humps" when plot ted as 
in Figures 2 6aand because expenses are highest at the levels of 
UWS where plant uti I izat ion of water is most efficient. 

Figure /s Data 

Calculations for" the values plotted in Figure 4 are shown in 
Annex Table B.
 

CURRENT 0.5 
UNIT 

1.0 
WATER 

1.5 
SUPPLY 

2.0 2.5 

Profil/ham 

Ha Equiv. 

Earnings 

$ 210 

1.0 

210 

388 

0.5 
194 

445 

0.333 

148 

425 

0.25 

106 

305 

0.20 

61 

Source: Fig. 2 

UNIT WATER SUPPLY 
W/INVESTMENT 0.5 i.0" 1.5 2.0 2.5 

Profit/ha $ 

Hla. Equiv. 

Earnings 

200 

1.0 

200 

-

320 

0.5 

160 

371 

0.333 

123 

380 

0.25 

95 

300 

0.20 

60 


