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FOREWORD

The pricing and use of water is about as easy to describe as a rapidly
changing sunset. There are clouds, rivers, lakes and oceans of water - all
changing and having a different meaning to each beholder. Water is used for
many purposes in a variety of situations. Though many methods have been
developed to control and manage it, no one method is best for any particular
situation. The method of control is dependent upon site-specific situations and
factors of a physical and socio-economic nature. In addition to the regional
hydrology, physiography and climate, the questions of who is involved and what
they are accustomed to doing are of paramount importance. Chances are that the
controls and pricing schemes found in any one country are the result of years of
compromise but need to be kept under regular review so as to evolve more appropriate
and rational methods, bearing in mind that there are many ways to manage water. It
is interesting and useful to understand something of the panorama of water-pricing
institutions that have evolved, as well as the different situations that call for
varying types of controls and institutions.

This study is concerned with efficiency and distributional equity in the use
and treatment of water. Its primary purpose is to provide guidelines for using
prices and regulations to achieve higher levels of efficiency in the allocation,
use and effluent treatment of water, subject to comprimises with distributional
equity goals. The essential mandate for preparing the study has been encompassed
in the Guidelines for Action in the Development of Natural Resources recommended
by the Committee on Natural Resources at its second session in 1972 and approved
by the Economic and Social Council in resolution 1673 B (LII). The purpose is to
promote improved water resources management and administration and to disseminate
related information.

The scope and objectives of this study also fall within those of the United
Nations Water Conference, which was held in Mar del Plata, Argentina, in 1977.
One of the objectives of the Conference was to improve management in order to
achieve higher levels of efficiency in the allocation, distribution and use of
water. The Mar del Plata Action Plan (United Nations, 1977) 1/ treats '"water use
and efficiency" as one of its major subject areas and gives recommendations and
resolutions on many related sectoral and general aspects, including (1) instruments
to improve efficiency of use; (2) efficiency and efficacy in regulation and
distribution; (3) water use for community water supplies and waste disposal; (U4)
water use for agriculture; and (5) water use for industries. It may also be noted
that under the subject area "Policy, Planning and Management", the Conference
recommended that countries formulate a national water policy as a framework for
developing and implementing specific programmes and achieving greater efficiency
in water utilization; define goals and strategies for different sectors of water

;/ Sources are given in full in the reference list for the present report.
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use (community supplies, agricultural and industrial); and evaluate water-
pricing policies and institute policy instruments in an economically efficient
and egalitarian manner. To this effect, the Conference declared that "pricing
and other incentives should be used to promote the efficient and equitable use
of water". It also urged adoption of the general principle that "as far as
possible, direct or indirect costs attributable to pollution should be borne by
the polluter” and that legislation should define the rules of public ownership
of water and the related rights, obligations and responsibilities. ’

The present publication deals with pricing and regulations as they pertain
to most of the above-mentioned areas. Chapter I explains the rationale behind
pricing and its relation to investment decisions. Chapter II offers some
suggestions for classifying a variety of situations related to the management of
vater quantity and quality. Chapter III provides a review of legal instruments
used in the allocation of water and touches on laws, types of ownership and
regulatory mechanisms. Chapters IV, V and VI discuss prices and regulations as
they pertain to agricultural irrigation; water and waste charges to households
and industries; and water quality in streams and the role of effluent charges.
Some conclusions and suggestions for using pricing in combination with regulations
for achieving stated goals of allocative efficiency and distributional equity are
also given in each of those chapters. A summary of the main conclusions drawn
from the different chapters is presented in Chapter VII., It is hoped that the
material presented will prove useful to a wide range of officials, including
vater-resource planners, policy makers, managers, engineers and administrators,
as well as to teachers and students of water management seeking reading and
reference material.

The study has been prepared jointly by the Department of International
Economic and Social Affairs and the Department of Technical Co-operation for
Development of the United Nations Secretariat, with the assistance of
James A. Seagraves, Professor of Economics and Business, North Carolina State
University at Raleigh. Use was also made of general and case-study material
prepared by other consultants, including S. Arlosocroff, Gardner Brown, Steven
Hanke and Donald Taylor. In addition, the present study incorporates relevant
parts of selected documents submitted to a meeting of the Ad Hoc Group of Experts
on the Achievement of Efficiency in the Use and Re-Use of Water, convened by the
United Nations in 197k at the invitation of the Government of Israel (United
Nations, 1975).

The study has benefited from reviews and comments by individual experts both
within and outside the United Nations. Valuable comments were received from the
following noted authorities in the field, who gave freely of their time:

Gardner Brown, Professor of Economics, University of Washington at Seattle;

K. William Easter, visiting Professor of Agricultural Economics, Tamil Nadu
Agricultural University, India; Neil S. Grigg, Director, Water Resources Research
Institute, University of North Carolina at Raleigh; Charles C. Howe, Professor of
Economics, University of Colorado at Boulder; Gunter Schramm, Professor of Resource
Economics, University of Michigan at Ann Arbor; and Robert A. Young, Professor

of Economics, Colorado State University at Fort Collins. Detailed and comprehensive
comments were also obtained from R.J. Saunders, J.J. Warford and P. Stone, all of
the Energy, Water and Telecommunications Department of the World Bank. The United
Nations Secretariat expresses its sincere gratitude to them all.
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Explanatory notes

The following symbols have been used in the tables throughout the report:

Three dots (...) indicate that data are not available or are not separately
reported

A dash (--) indicates that the amount is nil or negligible
A blank indicates that the item is not applicable
A minus sign (-) indicates a deficit or decrease, except as indicated

Details and percentages in tables do not necessarily add to totals,
because of rounding.

The following apply throughout the text and tables:

A full stop (.) is used to indicate decimals

A comma (,) is used to distinguish thousands and millions

A slash (/) indicates a crop year or financial year, e.g., 1970/T1

A hyphen (-) between dates representing years, e.g., 1971-1973, signifies
the full period involved, including the beginning and end years

Reference to "tons" indicates metric tons, and to "dollars" ($) United
States dollars, unless otherwise stated

Annual rates of growth or change, unless otherwise stated, refer to annual
compound rates.
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Chapter 1

BASIC ECONOMIC PRINCIPLES

The conclusions and suggestions presented in this chapter and in chapters
IIT through VI are derived in part from experience and in part from economic
theory. The role of prices and the goals of administered pricing are briefly
reviewed at the ontset of the chapter and definitions of key concepts and
terms, such as efficiency, income redistribution, marginal cost pricing,
opportunity cost and value, are defined.

A. Introduction

1. Basic economic questions

All economic systems must answer four basic questions: (1) What goods
and services should be produced? (2) When should they be produced? (3) How
should they be produced and distributed? (L4) For whom should they be produced?
These questions arise because society has unlimited wants that must be satisfied
by scarce resources. In other words, conflicting demands are placed on the
limited resources. Economics provides principles, theories and postulates that
help to resolve those confliets and thus help to answer the basic what, when,
how and for whom questions.

These questions must also be addressed in developing and managing water
resources. A distinction is generally made between stock or non-renewable
resources and flow or renewable rescurces. With a few notable exceptions,
water falls within the renewable category. DBecause water seldom stays in one
location for long periods of time, it is also considered a fugitive resource.
These categorizations reflect the fact that water is governed by the hydrological
cycle, a process involving three phases: gaseous, liquid and solid. In the
land portion of the cycle, in the streams, lakes and ground-water aquifers,
wvater displays temporal and spatial scarcity and thus variations in supply in
relation to the demand for its use. Our interest is therefore concentrated on
the management of surface and ground water resources. In this regard, use of
vater resources involved withdrawal uses (agricultural, industrial, commercial,
municipal, residential) and non-withdrawal uses (navigation, waste disposal,
recreation).

Another relevant feature of water as a resource is that it is categorized
as a public good because it is consumed collectively by the citizenry. Therefore,
decisions related to its allocation and use concern primarily the public sector
or the Government, as opposed to the private sector or the individual. Government
entities such as water authorities are often assigned the responsibility of
providing guidelines and supervision in the allocation and use of water. The
present publication is addressed primarily to planners within that context.

2. The role of prices

In ancwering the basic questions indicated above, prices can serve as
irportant instruments of policy. They help to distrubute limited goods and
services to consumers and alsc to determine the allocation of resources. With
varying degrees of decisiveness, prices affect the following economic goals
in the development of water and other natural resources:

-1a



(a) The efficiency with which resources are used (allocative efficiency);

(b) Distributional equity (income redistribution, capital recovery and
the like).

Efficient resource allocation is the use and allocation of resources in
such a way as to produce, at the least possible cost, those goods that are
wanted most to meet consumer priorities with the least sacrifice of scarce
resources. Clearly, this does not mean that meximum equity is necessarily
achieved. In fact, the goals of economic efficiency and equity are often in
conflict and their simultaneous solution involves c¢ompromises or trade-offs
among the objectives. That is, efficiency conditions are often traded-off
on equity grounds. It should also be borne in mind that prices are important
for fiscal and financial analyses.

Efficiency has a greater bearing on price and can be evaluated by considering
what to produce and consume, how to produce and when to produce. Water prices
have more effect on how to produce the goods and services than on what and when
to produce. On the other hand, equity or income redistribution is primarily
concerned with and can be evaluated by considering: (a) intersectoral effects,
or revenue generation, capital recovery goals and widespread tendencies to
subsidize agricultural development, such as by revenues generated from the
sale of hydropower; and (b) intrasectoral effects, or redistribution of income
within a sector, such as agriculture. When we consider the complex effects of
prices and regulations on investments and consumption, we see that they affect
the distribution of income, the location of production, what and when is produced,
who consumes the products and how things are produced.

The desire of societies to redistribute income in favour of the poor often
conflicts with the desire to maximize efficiency. Administrators of public
water programmes are often under pressure to redistribute income and at the
same time to achieve efficient usage of water. The problem is how to find a
reasonably stable (optimal) combination of regulations and prices that will lead
to the efficient use of water and equitable redistribution of income as well as
to recovery of capital from investment projects. Useful references on this
question include the works of Davis and Hanke (1971), &/ Milliman (1972) and
Herfindahl and Kneese (197k).

B. Some useful concepts and terminology

1. Demand

A simple demand curve is shown in figure I. Price, which is usually given
as a vertical axis, is common to both the demand and supply sides of the market.
A demand curve is a locus of points of maximum prices that will be paid for
di fferent quantities of a resource (goods or services) per unit of time. Stated
in a different way, the demand for a resource is a schedule of quantities of a
product consumers are willing and able to buy at different prices at a particular
point in time. The principle of demand postulates that an inverse relationship

1/ All sources are given in full in the reference list for the present report.
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exists between the price of a product and the quantity demanded.

Demand may be classified as either final or derived (intermediate).
Final demand occurs when consumers purchase the good or service for final
consumption purposes. A demand is derived when the factor, good or service
is required as an intermediate input in the production of another marketable
product. For example, demands for water for agricultural (irrigation) and
industrial purposes can be represented generally as derived or intermediate,
since the demands for these uses are derived from the demand for a final
product, such as a crop grain or paper pulp. On the other hand, water use for
household purposes for example may be represented as a final demand since
its utility accrues directly to the consumer and not indirectly through the
sale of another good.

2. Price elasticity of demand

The quantity of s product demanded varies in response to a price change.
In some cases a small change in price results in a large change in the quantity
demanded by consumers, while in other instances gquantity demanded is quite
unresponsive to a price change. Ela-ticity of demand is a measure that
describes the degree of responsiveness of quantity to price change and is
defined as the ratio of the per cent change in quantity divided by the per
cent change in price, or

per cent change in quantity AQiQ

e =

per cent change in price ='Z‘;P/P

For the single linear demand curve given in figure I, it can be demonstrated
that e has ¢ value equal to one (e-1l) along a locus of points equidistant from
the two axes and exceeds this value on the upper half of the quadrangle, while
it diminishes below this value on the lower half. One important inference that
can be drawn from the demand curve and associated elasticities is that total
revenue is affected in different ways when prices rise. In the inelastic range,
total revenue increases with an increase in price; in the elastic range total
revenue falls with an increase in price; and when elasticity has a unitary
value, total revenue remains constant.

3. Opportunity cost

Opportunity cost is one of the fundamental ideas in the economic theory
of production. Production costs denote opportunity codes associated with
producing output. Opportunity cost denotes the output sacrificed or foregone
when a society uses resources for one product rather than another. Opportunity
costs of using a resource are implicit and explicit costs of production paid
in the form of wages, rent, interest and profits.

Opportunity costs may not be the same as money outlays or explicit costs,
alchough money outlays €xpressed in the form of price may in most instances
serve as an sppropriate measure of opportunity cost, or at least of a major
component of it. The value of resources that may not receive explicit monetary
payments is an implicit cost of production; that is, there are implied opportunity
costs associates with using resources because they have alternative uses.
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4. Social cost

Social costs reflect the full opportunity cost in the production process.
Social costs include private costs plus the costs of externalities imposed
on society such as the pollution of streams. When an industry discharges wastes
into streams it is avoiding private costs and imposing a cost on society.

5. Value and cost

A simplified relation between total cost and total value or revenue is
given in figure II. In the short-run, total cost is the sum of variable and
fixed costs, while average cost is obtained by dividing total cost by the
quantity of total output. The long-run planning horizon occurs when there is
a long enough time to vary the proportion of the various inputs, including the
size of plants. On the other hand, the short-run is assumed to be a short
enough span of time such that some resources are used in fixed quantities.

"Marginal cost" is the change in total cost per unit change in quantity
of sutput. It is the first derivative of the total cost curve. The marginality
concept is very important in resource allocation and use. As we will see in
the following sections, this concept provides the criteria for defining allocative
efficiency in resources use. The total value (or benefit) from a public provision
of a good or service is measured by the total willingness to pay for a given level
of output at a given point in time. For public goods, willingness to pay can
be represented by a demand curve, such as that in figure I. The total value
of a good could be approximated by the area under the demand curve.

"Marginal value" is the first derivative of the total value or total
revenue curve. 1t is the change in total value per unit change in quantity
of output. As pointed out sbove and further developed below, knowledge of the
marginal value function is as important as knowledge of the marginal cost function
in the efficient allocation of resources.

To relate these definitions specifically to water., the cost of water may
be regarded as the amount per unit volume that would have to be paid to make
it available at a given flow, at a given time and in a given place. Such
cost may include capital costs and operation and maintenance costs. Likewise,
one way of representing the value of water is by the maximum amount per unit
volume of water that society would be willing and able to pay to obtain a given
volume of flow at a given time and in a given place. Another way of representing
the value of water is by its opportunity cost, which is the minimum amount per
unit volume that one would be willing to accept if someone else proposed to take
away a unit at a given flow at a given time and in a given place. Implicit in
the above definitions is the assumption that water problems are specific to site,
time and hydrology.

Water can have value even when a government does not charge for it. If
the quantity of water is fixed, then the value of additional water will equal
its opportunity cost. If the total quantity can be increased, the value will
refer to the marginal net social benefits of provilinz more water or willingness

-5-



TC

Total value,
Total cost

TV

|
I
|
|
|
1
Q, Quantity per unit time
|
|
|
|
|
|
_ |
Marg!nal value, |
Marginal cost |
| MmC
|
|
|
|

MV

Quantity per unit time

|
|
|
|
|
|
Q

-

Figure II. Total and marginal costs, values and their relation

-6-



g

to pay for it. This could refer to individual producers who have water
allocations or to entire valleys with a limited supply.

Resources may be considered distinct from one another if unit values
differ or if their values do not move together. Water is quite a different
commodity in different places and at different times. Agricultural water is
more variable in value than is potable water in cities, owing to sharp variation
in seasonal demand and supply and to variations in quality. Prices should take
into account seasons of shortage and of excess and arrive at appropriate levels
reflecting the long-run and short-run costs. When the transfer is feasible, then
the prices set should try to recover long-term marginal costs, not only operation
and maintenance in periods of excess supply.

The cost of transporting water is usually high relative to its value,
so that often it is not worthwhile to connect areas of surplus with areas of
deficit. However, water transfers are becoming more common within countries and
small regions. In order for transfers to become feasible, the transfer cost
must be less than the differences in the value of water in the two areas under
consideration. Most transfer systems involve high proportions of fixed
investment costs, as opposed to operating and maintenance (or variable) costs.
It would be beneficial to use such facilities as long as the difference in
values exceeds variable costs. Canals transferring water from one valley to
another can have dramatic equalizing effects on the value of water and the
social benefits of such transfers may exceed the total costs. Yet it may be
difficult for governments to recover the fixed costs of installations from
users, because the optimal size is so large that there is excess capacity most
months of the year.

Similar points apply to differences in the value of water over time. It
is only worthwhile building storage reservoirs to eliminate differences in
seasonal values if the present value of the long-run expected marginal
benefits exceeds the marginal costs. It is often difficult for governments
to recover the costs of water storage. However, technological change,
particularly in earth moving is reducing the relative costs of storage both
above and below ground. These cost reductions, plus increasing differences
in seasonal values, account for some recent decisions to store more water.

Different water values based on differences in quality can sometimes
be encountered. In such cases, differences in price should reflect differences
in wvalues and the marginal cost of upgrading the quality. Where the value of
polluted water is negative, effluent charges may be logical. Water withdrawals
from (and discharges to) streams could logically be assigned a wide range of
positive or negative prices depending on time, place and quality. In actual
practice, governments often give away use of streams and adopt regulations
rather than prices to cuntrol usage. The discussions in chapters III through
VI can provide further details in this regard.

Many studies have estimated the value of water and the gains that are
pcssible from tramsfers. Young and Gray (1972) reviewed several empirical
studies and argued that the value of water cannot exceed the marginal cost
from the least costly source but may in practice fall far short.

. .



C. Efficiency and distributional equity

1. Economic efficiency

Resource allocation is efficient when the marginal value is equal
to the marginal cost. This occurs at the point of intersection of the two
curves in the bottom curves in figure II. The real significance is that the
difference between total value and total cost is maximum when output is at Q
level. This will always be true for a competitive or monopolistic system.
It is also true for the short-run and long-run provided that the cost and
revenue curves are appropriate to the situation.

How consider the case where the quantity of water is fixed and its
quantity is invariant. Efficient use of a given quantity of water under such a
situation is to specify that the marginal values (added value to society per
added cubic meter) should be the same in all uses. This means that if the
marginal value product is higher in one use than in another, then the welfare
of society might be enhanced by permitting some water to be reassigned to the
usage that returns the higher income or the better opportunity. The maximum
benefits foregone are referred to as the "opportunity cost' of the water. In
other words, even though the quantity and quality of water at a given point in
time and place are assumed to be fixed, a transfer to any other use has a cost:
the social value foregone by transferring a unit of water from its best use -
that is its opportunity cost. Water should be reallocated among uses until
it has the same marginal value product or opportunity costs in each use.

Next, consider the possibility of increasing the water supply. If it
is possible to obtain additional water at some marginal social cost that is
less than its marginal value product (its opportunity: value in the best usage),
then units of water should be added. Each addition to supply is assumed to
cost more and more(that is the marginal cost function is an increasing function
of the quantity supplied). Also, additions to each usage, other things being
equal, will cause reductions in marginal benefits that is the demand or the
marginal benefits(curve for water is a decreasing function of quantity). New
water should be added until the marginal social cost equals the marginal social
benefit.

The equality of marginal value to marginal cost implies that the "equilibrium"
rrice and quantity which would be applicable under any economic system of ownership
either public or private. Public enterprises, such as water and sewer utilities,
should consider setting their administered marginal price equal to marginal
social cost of additional water. If the price is set equal to the marginal cost,
then users who pay that price will tend to equate their marginal benefits to
the marginal social costs. Governments do not have to charge each customer
the same price for all the units bought. Where resale is difficult, governments
can and do use both increasing and decreasing block rate schedules to achieve
objectives other than efficiency. However, efficiency is enhanced if all
customers pay the same marginal rate for incremental amounts of water and if
this rate is equal to the marginal social cost.



2. Equity and income redistribution

There is a strong tendency to use prices charged by public enterprise
to help redistribute income to the poor. Many developing countries are
already using "lifeline" rate schedules for water and electricity. These
start with low block rates for small users and work up to high marginal
or penalty rates for large users. For example, the United Nations Water
Conference and Habitat: United Nations Conference on Human Settlements
have stressed the concept of potable water as a right, meaning that a certain
minimum amount of clean water should be available to everyone everywhere to
meet basic human needs. The concept of a "right to potable water" implies
that general revenues and/or water raies to paying customers should be used
to subsidize the cost of water from public standpipes for the poor.

As elaborated in chapter III, the water laws of many countries emphasize
that the role of prices or water fees are to recover operation and maintenance
costs and some parts of the capital costs of water projects. Using prices
to achieve a desired amount of capital recovery from the users amounts to
the same thing as using prices to achieve some income redistribution. These
same laws often indicate that regulations or permits will be used to achieve
rational or efficient use of water. Presumably, water quotas can be designed
to assign to each firm the socially optimal quantity of water. However, it
is doubtful if the administrators have the ability to define and order
efficient usages. It may be vreferable to turn the situation around so that
marginal prices are used to achieve efficient usage (equality among the marginal
value products) and that regulations or quotas are used to achieve the desired
income redustribution.

The main theme of this publication is that if two goals are to be achieved--
efficient usage of water and some level of redistribution of income -- then it
will be advantageous to use two instruments: both regulations and prices,
dual prices, gquotas plus penalties and rebates, or permits plus tranc “erability.
Both goals, equity and efficiency, can be incorporated to varying degrees into
pricing structures if the marginal prices charged to different users can be
set approximately equal to marginal ccsts. Whenever possible, for example,

a country may want to tax small farmers proportionally less than large farmers
and also provide incentives for efficient use. Large users could have a
schedule of declining block rates while small users have increasing block
rates. These rates could be adjusted so that most users ultimately pay

about the same marginal rate for incremental quantities of water. Various
legal arrangements, including laws, ownership systems and regulations in
different countries are reviewed in chapter III. Furthermore, a system of
dual prices proposed by Seagraves (1975) is described in the last part of the
Peruvian case study in chapter IV. Roberts and Spence (1976) point out that
permits plus penalties and rebates are logical in the context of uncertainty
about the response gf firms to environmental controls and charges.

3. Costs of administration

The goeal of minimizing the costs of administering resources often conflicts
with the goals of efficiency and income distribution. More efficiency usually
involves more precise monitoring, more differentiation of prices according to



place, time and quality, and more policing. Adding income redistribution as
a goal of water regulations and prices inevitably adds to the cost of
transactions. These transaction costs include costs of information,
contracting and policing. Administrators should seek to minimize the social
costs of transactions and problem-solving. Among the purposes of this
publication is one to provide policy makers with guidelines on how to find
low-cost solutions to the problems of efficiency and income redistribution
related to water.

4, Economic solutions to political problems

If consumers cannot buy water at a reasonable price they often resort
to political pressure to correct the problem. One problem could be a shortage
because the existing price is set too low and does not allow rationing of
the available supply. Another could be that a monopoly is charging more
than the marginal cost of producing the water. Many problems that are
basically economic in nature are treated on physical or technical grounds
and are solved with legal decrees or direct government action, without the
necessary economic evaluation. Some commonly encountered problems in the
development of water resources include requests for infrastructure without
fully considering its returns and costs; over-use (mining) of ground water;
drainage and salinity problems; pollution; and over-use of streams. ZLconomic
incentives, prices or transferable permits should be given due consideration
in solving these problems. The problems arise because no one owns the stream
or the aquifer or, even if the government legally owns the water resources,
it behaves as if they were free (for more details, see chapter III). Economic
aspects should be given proper weight in the process of seeking solutions to
these problems, which undoubtedly require interdiscivplinary approaches.

Problems that arise in the field of water resources are extremely
varied. Not only does the value of water itself vary widely from negative
to highly positive, but the value of preserving water quality also varies
depending on the levels and locations of demand. This means that institutions
that are aporopriate in one situation may be completely inappropriate and
unnecessary in other situations. Water laws must be designed to be flexible
instruments of policy, permitting a variety of site-specific solutions to
evolve. The optimal water monitoring and control technologies depend on the
circumstances. A recurring theme is that when the value of water is low,
people cannot afford to spend much time measuring it and developing
institutions to control it. A corollary is that when the value of water
is increasing, new institutions will become worthwhile and can be Justifiable.

D. Marginal cost pricing

In the real world of administered prices, it is rare that one encounters
any reference to marginal cost pricing or economic efficiency as a goal.
Administrators must respond to other pressures, such as conflicting demands
by social interest groups, on the one hand and demands that pricing be
"fair" on the other. Administraiors are rarely criticized for setting prices
very low, or in such a manner as to contribute to economic inefficiency.

There is a tendency to adopt similar rate schedules and minimize revisions
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of the schedule, based on the view that this system would be simple to
operate and would minimize complaints. Seasonal price variations are
usually avoided even though they may be needed to solve a problem. Simple
rules are adopted for estimating average costs of "fair" prices. Endless
"scientific" studies are financed to support any changes that might be
controversial.

Obviously, this setting of administrative conservatism and institutional
rigidity mekes it very difficult to adopt the relevant economic criteria of
setting prices equal to marginal costs. Prices should vary according to the
incremental cost of adding service at each particular time and place. In
addition to the difficulties in applying economic criteria, standards of
procedure in estimating the values and costs are frequently rather arbitrary
and not rational. While agreeing to the concept, even economists do not agree
on the detaills of practical implementation.

1. Three simple cases

One case in which the principle of marginal cost pricing may be applied
is one in which demand is expanding, present facilities are fully utilized
year round and new facilities are beiug added. Then, long-run marginal cost
(LRMC) can be recommended as the price. A reasonable estimate of LRMC would
be the average total cost of water from the newest project.

A case in which new facilities are used only part of the year and must
be expanded to meet peak demand is also often easy to handle. Marginal costs
in the peak period should be defined to include 8ll the fixed costs of the new
facilities and the operating and maintenance costs. Off-peak marginal costs
and prices should reflect the operating costs of offering additional service
in slack periods. These simple rules often cause economists to recommend
extremely high prices in peak periods and very low prices for the slack
periods. The shorter the period of peak usage the greater the disparity.
These cases are further elaborated in chapter V.

As explained in chapter V, one must consider the possibility that peak
period prices will cause the former off-peak period to become the new pesk
period. In practical applications of seasonal or time-of-day pricing,
administrators must usually soften the economist's recommendation towards
smaller differences, fewer customer complaints and recovery of a greater portion
of capital from off-peak users. It might seem that administrators would
hesitate to recommend higher prices for peak periods because of the implied
income redistribution against persons who use the service in these periods.
Actually, it is hard to know whether poor or rich customers find it easier
to adjust consumption, and there are many reasons to think that price
differentiation favours the poor. A more logical reason for administrators
to resist using higher prices in peak periods is that higher prices could
cause complaints from some users and may be shown in the form of political
pressures.

The conflict between economists and administrators is likely to be most
severe when there is excess capacity year round, and the economists recommends
forgetting the cost of the fixed facilities -- "writing them off". The
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recommendation to forget about fixed costs is often met with administrative
resistance. This is especially true if the demand is inelastic. Then the
percentage decrease in price is greater than the percentage increase in
quantity, and total revenue falls every time price is reduced.

The argument against ignoring the fixed or sunk costs is based on equity
grounds; notably in the case where the cost of the fixed facilities is not
yet paid, the marginal costs should include consideration of the unpaid balance
of capital costs.

2. "Requirements" versus "demand functions” as guides to investments

A common procedure for deciding the size and the timing of water resource
irvestments is the "requirements' approach. It is based on forecasting
requirements or design capacity by summing up the requirements of various
users under existing price conditions, and then engineers estimate investments
that will meet those requirements at least cost. Generally, little analysis
is made of how much beneficiaries should pay in the new situation. The demand
and supply approach through pricing has rarely been considered as a means to
limit use and influence investment patterns.

Forecasts of water requirements usually assume that the quantity of
wvater demanded will increase proportionally with increase in population and
economic activity. One variable that is ignored or kept constant by these
forecasts is the price of water and its potential effect upon the quantity
of water consumed. By using these requirement forecasts, water managers
are assuming that prices will remain constant and are predicting the amount
to supply at that price.

In contrast, the demand/supply approach assumed the existence of a demand
curve with an inverse functional relation between price and the quantity of
water demanded, and that the price should be set equal to the long-run
incremental cost of supplying water from the newest project. By considering
the fact that higher prices will induce consumers to use less water, and by
setting the price equal to LRMC, the optimum size and number of investments
can be determined.

However, this standard approach to long-run marginal cost pricing
might result in major difficulties and shifts in demand if the last addition
tc supply is very much more costly than existing supplies - for example, a
S per cent addition of water from a deszlination plant to a ground-water
supplied plant with 90 per cent agricultural water use would simply kill off
all agricultural use if marginal costs were charged. In a situation like
this, additional considerations of willingness to pay by different classes
of users must be considered(that is, discriminatory pricing).

It should also be remembered that both the estimation of the demand
function and the determination of the optimal size of investments are complex,

difficult and costly processes. A graphic illustration of the dynamics of
marginal cost pricing is given in annex I of the present report.
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3. Why isn't marginal cost pricing more widely used?

Among other reasons, marginal cost pricing is not widely used because
(a) the underlying concepts are usually not understood by those involved in
policy-making and administration; (b) considerations directed towards

m1n1m1z1ng conflicts tend to receive far greater attention than those directed towards
maximizing efficiency; (c) estimates of short-run and long-run marginal

costs (P, and P _) and opportunity costs (P ) are often lacking and are not
easy to %etermlng and (d) there are tendenCies to make total revenue equal
total cost. One easy way this can be done is by msking the average price
equal the average cost. Society may prohibit such utilities from showing
a profit or a loss on the assumption that the users of the service should
pay for it.

This section presented the case in favour of using marginal costs, or
LRMC, as guides in pricing public services such as water and sewer services.
Arguments in favour of average cost pricing will now be reviewed briefly as
we describe public utility regulation. As pointed out above, one of the biggest
problems in applying marginal cost pricing is the lack of appropriate market
prices. One approach to a solution to this problem is the use of shadow
pricing. -

The discussions on pricing so far have been based on the existence of
some measurable market values. However, market values rarely reflect the
0ld value of public goods, such as water resources. Adjustments to market
prices are often needed because market values do not represent the real
value to society of the inputs going into a project or the outputs produced.
The real or intrinsic values of project inputs and outputs are more correctly
measured by their "shadow prices", sometimes called "accounting prices'.
Divergencies between market and shadow prices occur whenever the market dep:irts
from the competitive norm or when the government intervenes. In its.simplest
form, a shadow price is one that comes closer to measuring the real value to
society of a good or service than does its market price. According to this ~
concept, the use of shadow prices leads to a higher level of national
production or welfare than reliance on market prices. Departures from the
competitive norm are caused by the violations in the simplifying assumptions
on which the competitive models are based. These assumptions include the
following:

(a) Complete and accurate knowledge of future conditions,
(b) Economic rationality of decisions by producers and consumers;

{¢c) Many buyers and sellers, none of whom can alter market prices by
their individual actions;

(d) No spill-over effects on others, such as pollution;
(e) Divisibility of investments;

(f) Resource mobility, including freedom of entry and exit, rarely
if ever accurately held.
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The market should be relied upon as a reasonable indicator of real values
to society to the extent possible. In developing countries departures from
the norm tend to be greater and government interference with the market forces
more extensive than normal (Gitinger, 1972). Therefore, there is greater need
in developing countries for indirect approaches such as shadow pricing. The
general approach among practitioners operating in these situations is to
apply me~let prices whenever market forces are believed to be reasonably
effective and to rely on shadow prices when they are not. Adjustments to
narket prices are most frequently required for economic transfers (such as
taxes, tariffs and subsidies) input factors (such as unskilled labour, foreign
exchange and domestic capital) and outputs when project size is relatively
large.

E. Regulation of privately owned utilities

Distribution systems for services such as water and electricity are
often described as "natural monopolies' because larger volumes result in lower
wnit costs: it would be wasteful to have competing systems serving the same-
customers. There is an extensive economic litersture on how society should
regulate the prices of such natural nonopolies. Much of it emphasizes the
negative effects of average cost pricing and advocates marginal cost pricing.
The regulators of privately-owned utilities and the administrators of publicly
owned services face many of the same problems. Perhaps there are some useful
lessons that can be learned from the regulation of private utilities. Private
utilities are usually permitted to recover their full costs, meaning necessary
operating costs plus a fair return to capital. But, there are problems deciding
which costs have been necessary and what a fair return on capital might be.

It is virtually impossible to agree on which costs are legitimate. Assuming
that public utility regulators can solve these problems, full cost recovery
still means that prices are based on historic average total costs rather than
on future long-run marginal costs (LRMC).

One reason LRMC are not more widely used as guidelines for utility pricing
is that if governments get involved in setting the highest price that can be
charged on efficiency grounds, then they also pick up some responsibility
to protect the price-controlled firms from periods of deflation, technological
change or falling demand. In effect, the lawyer's definition of fairness,
which looks backward and protects firms, wins over the economist's definition,
which looks ahead and holds private enterprise responsible for its own e:rors,
such as not adopting more efficient technologies. The economist says that he
would control an electric utility by estimating the LRMC of producing more
electricity and then asking the utility if it wants to keep on supplying power
at that price. If not, the utility can sell out and let someone else produce
it. The only guarantee that is made is that the government will continue to
re-evaluate LRMC in the light of changing technologies and other factors.

Most economists would soften this proposal by favouring only gradual re-
evaluations of LRMC and changes in highest prices possible.
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Chapter II
SUGGESTIONS FOR CLASSIFYING WATER RESOURCES SITUATIONS

A. Problem-solving

A common approach to problem-solving involves a definition of the problem,
a statement of objectives, the formulation of possible solutions, and evaluation
of the technical, economic and political feasibility of solutions and recommendations.
This publication is addressed to a broad set of problems and to administrators who
need to anticipate problems that may arise in the future so that they will have time
to study alternative solutions. Assuming that objectives are well defined, water
resource administrators may find it useful to proceed as follows:

(a) Classify water resource situations;
(b) Identify problems that could arise;
(c) Outline reasonable solutions;

(d) Examine alternative solutions adopted by countries that have already
faced these problems; and

(e) Develop a long-range strategy to cope with the problems.

In developing any long-range strategy, it must be recognized that institutions
must change and may need to become more sophisticated as problems become more
complex. Moreover, becuase it may be just as costly to solve problems too soon
as to solve them too late and because different regions within countries often
have very different resource situations and problems, it is probably best to think
in terms of flexible national water laws that will allow a variety of rules and
organizations to evolve in different regions.

B. A classification of water resource situations

Water resource situations are classified according to the following factors:

1. The value of water
2. Seasonal pattern of water values and costs of storage

3. Considerations that make the transfer of water among regions and
countries difficult

L. The importance of water quality
5. Flooding and drainage problems
6. Interrelations between surface and ground water.

It is hoped that this classification scheme will help to idenfity water
resource problems and point towards some solutions.
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1. The value of water

The value of an additional unit of water depends on how scarce it is
relative to other resources. This concept of the marginal value or worth of
water is defined in chapter I and further examples are given in chapters IV and
V. Water deficit regions face the common problem of finding some means of
rationing water. This might involve having to measure the water or proportion
it. One solution is to assign quotas to each user. Another is to charge a price
for the water and make the price high enough so that people will only want to
buy the quantity available. The higher the value of the water the more carefully
it will be measured and the more attention will be given to the method of
rationing.

Water surplus regions do not face the same problem and can often get by
without measuring water. For example, it will be noted in the chapters that
follow that in Israel, where the value of water is extremely high, it is felt to
be important to have separate meters for each apartment. In Bangkok, where the
relative cost of water is much less, it is uneconomic to install water meters
in many of the homes. Also, water for supplemental irrigation often has such a
low value that it does not pay to measure it.

2. The seasonal pattern of water values and the costs of storage

If the costs of storage are high or if storage simply does not exist, then
water can have widely different values in different seasons of the year. This
might mean that different systems of measuring and rationing water will be
appropriate for each season.

If there are unreasonably large differences in values of water, one might
anticipate that there will be pressure to build some kind of storage and complaints
if high prices or other rationing schemes appropriate to a water-short season are
carried over to a season of water surpluses. It may be less expensive for a
Government to build large storage reservoirs or develop underground storage than
for individuals to store water. Storage reservoirs can be used for a number of
different purposes: flood control, irrigation, hydro-power and recreation. It
is easy to imagine situations where some of these uses are in conflict.

3. Considerations that make the transfer of water among regions
and countries difficult

Situations that make transfer of water difficult can persist for years.
Transfer might be expensive for technical reasons or simply difficult for
institutional and legal ones. If the value of water differs greatly between two
adjacent valleys, then it is easy to imagine recurrent political pressure to
"solve the problem". The problem may remain unresolved because there is no way
to guarantee that only surplus water will be transferred or there is no way to
pay the potential losers.

«16-



L. The importance of water quality

The cost of improving water quality can be estimated, just as can the costs
of storage or transfer. Water quality problems are likely to be more noticeable
in places where the quantity of water is abundant. In fact, quality rather than
quantity is the main water problem in vast humid regions of the world.

Sometimes it is easy to predict that there will be increased interest in
stream quality. Downstream populations and uses may be growing. Rising standards
of living may bring increased interests in recreation and concerns about health.
Problems related to water quality include the following:

(a) The water must be reused by persons downstream;
(b) Fish may be killed or contaminated;

(c) The water may be unsafe for bathing and water sports.

It may be less costly to society as a whole to keep toxic substances out of
streams than to try to remove them in subsequent treatment of potable water or
to suffer the related health problems. Basically, there are three levels at
which pollutants may be controlled: (1) in the production process or before
wastes are discharged to cities or streams; (2) at the "end of the pipe" or with
effluent permits; and (3) in the environment. It is easier to handle some water
quality problems at one level and other problems at a different level. Toxic
substances may need to be eliminated in the production processes; bio-degradable
materials may be regulated or taxed as effluent; and infrequent problems with a
variety of causes, such as algae blooms, might be handled by monitoring the
environment and simply being ready to apply the most logical solution after the
problem occurs. In chapter VI several different approaches to water quality
problems will be described.

5. Flooding and drainage problems

Different regions of the world suffer very different problems related to an
excess of water. These problems can occur in nature or be aggravated by man. A
frequent problem in agriculture is excessive irrigation. If systems are not
properly designed, then drainage problems can ruin good soil.

Flooding problems can be aggravated by development in flood plains. Flood
control structures (dams and dykes) may be justified in terms of existing usage
of land; but once the structures are built, the land in the flood plain may be
used more intensively. If such usage is not controlled, then the net effect of
flood control structures may be a substitution of less frequent but more costly
flooding for the previously more frequent but less costly floods. The net effect
on national income could be highly negative.
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6. Interrelations between surface and ground water

Where surface 3ater is scarce and being rationed, the question arises as
to whether farmers should be encouraged to use ground water. The answer would
seem to be 'yes" if the level of ground water is constant. However, if the
level of the ground water is falling it might be better to discourage its use.
In some cases, surface and ground water can be treated as one, and similar
pricing schemes developed for both.

Some aquifers have very small water losses such that they make excellent
reservoirs for storing water between seasons and even between years. Problems
could arise regarding whether or not to encourage the recharge of such aquifers
and how to maintain water quality.

This classification of physical situations suggests a variety of water-
related problems that may arise and create demands for public programmes. The
problems shape the formation of the needed institutions. It is also true that
existing institutions, traditional ways of doing things and technical capabilities
affect the number of feasible solutions. Water resources administrators in
different countries will need to develop their own classification schemes for
situations, problems and solutions. This report can only provide some general
guidelines.

=18~



Chapter IIT

LEGAL INSTRUMENTS FOR THE ALLOCATION AND USE OF WATER

A. Introduction

Water laws are affected by physical, economic and social factors and
government desires to maintain an accepteble balance of efficiency among
such conflicting goals as equity, income redistribution and capital recovery
from water development projects. Laws, in turn, affect the ways in which
users organize themselves and efficiency in managing the water. Most laws
affect organizations through the application of reguletions but some are so
idealistic that they are simply not practicable. Moreover, efforts to devise
national legislation often encounter stubborn political and administrative
resistance. Many laws delcare that Governments own all the water, but very
few Governments actually act as if they own it.

Efficiency in the use of water resources has become an important
legislative goal. This emphasis is due, on the one hand, to the growing
demand for water for different uses, which makes quantitative and qualitative
problems almost ubiquitous, and on the other hand, to advances in technology.
It is, therefore, extremely important to set up laws that allow for changes
and innovetions in water utilization, and there should be provisions for
critical evaluation and control of technological development. The establishment
of a legislative design conceived within a comprehensive development framework,
and the use of a broad and flexible type of legislation leaving a wide
discretionary range to the relevant administrative agencies, seems to offer
an acceptable and feasible solution for more efficient use of water resources.

The main purpose of this chapter is to provide general background to
the chapters that follow. 1t presents a review of some of the legal
instruments for the allocation, use and treatment of water, with emphasis
on allocative efficiency. The material has been organized according to
the following subheadings: types of water ownership; order of priority
among different uses; quantification of water-use rights; water rates and
pricing policies; transfer of rights; protection and enforcement of
water-use rights; duration and loss of rights; and administrative powers.

B. Types of water ownership

Three alternative classes of ownership can be distinguished, particularly
with respect to irrigation, which is the main consumptive user: private
water rights, government ownership and common property rights. Efficiency
in the use of water for irrigation is the subject of chapter IV, which will
provide a fuller understanding of the topic ard supplements the discussion
presented in this chapter.

-19-



1. Private property

Private property rights develop as an institution for resolving
differences or conflicts of interest. Knowledge of the amount of water
one can count on as a "right" or a certainty is crucial to users,.
particularly to farmers investing in irrigation systems @nd especially
for use in orchards). Once farms are developed, owners naturally assume
they can transfer well-established water rights with the land. When there
is a need to change the ratio of water to land, farmers ask courts and
legislatures to establish a system whereby they can transfer water rights
separately from the land.

Transferability does not necessarily suggest that large farmers will
buy all the water and take it away from small farmers. It merely suggests
that users who are making more efficient use of the water will be able to
bid it away from those who are making less efficient use. For example,
irrigators of high cash crops such as vegetables often have an advantage
in such bidding. Of course, those who have established rights will want
to preserve a share for the future.

Why are private water rights unpopular politically? The idea that
they are unfair to small farmers would not be of concern if water rights
were well defined and fairly defended in the courts. However, it is
possible that an unfair advantage in favour of large farmers exists in
terms of education and greater success in court battles. Water rights may
have a worse image than property rights over land because they are hard to
define, especially in cases where the flows are subject to great fluctuations
and uncertainty. It would be desirable to define seyeral classes of superiority
for water rights if these could be made to reflect an optimal solution to the
problem of allocation and social goals and objectives. However, experience
shows that years after they are established and supposedly understood,
superior water rights continue to be attacked as "unfair". The main reason
is that the laws may not be flexible enough to allow evolutionary changes
corresponding to changes in the goals of efficiency and equity.

Logically, private owners should pay for improvements in their irrigation.
systems because they are the beneficiaries and in that way they will try
to limit themselves to investments that are profitable. Actually, the:
rationale of letting users pay for improvements in systems is equally
valid under both government and private ownership. In either case,
charging for improvements and for shares of water prevents users from
making unreasonable political demands.

2.  Government ownership

A system of government ownership of water suggests that the State will
either sell scarce water to the highest bidder, regulate use by establishing
cropping patterns and irrigation plans, or distribute to certain farm groups
on grounds of equity. Governments could sell rights to use water or a share
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of the water for a definite period, say 10 years. If the supply is normally
abundant, the Govermment could sell excess rights and then only make
additional charges based on volumes requested in times of shortages. The
principle of marginal cost pricing given in chapter II1 and further demonstrated
in chapter IV would be appropriate in this regard. This would amount to a
two-part tariff, or fixed fee, plus an occasional variable charge. Many
water laws decreeing total government ownership also represent a political
revolution against the idea of private property and specifically prohibit
all forms of transfer of water rights. This makes it difficult to mansge
the water system efficiently, especially if the Government wants to
subsidize irrigation.

Given a typical combination of governmental objectives - (a) to
subsidize agriculture, (b) to prohibit private transfers, (c) to encourage
efficient usage and (d) to recover capital - a system of dual fees or water
rights plus charges (penalties) for water bought in excess of quotas can
be recommended as a viable option. It is also logical to pay farmers for
the quotas not used (turned back to the State). 1In the Peruvian case cited
in section E of chpater IV such water pricing was recommended precisely
because the above constraints existed under the Peruvian Water Law of 1969;
the possible advantages and applications of such a pricing system sre
presented (Seagraves and Ochoa, 1978).

Alternatively, a Government can attempt to ration water on the basis
of crops and patterns of cropping. Regulations to this effect can be used
to give incentive to growing crops with greater return potential and to
ration water more efficiently. However, the ability to determine with an
acceptable degree of accuracy the irrigation diversion requirements and
the added costs of administration present two major problems. Technically,
irrigation diversion requirements must take into account not only the
consumptive use but also the distribution and application of water losses
that are site specific.

3. Common property rights

Resources that have low values are often owned in common. When they
become valuable, governmental ownership or private property rights tend to
be established. It is often said that resources that belong to everybody
in effect belong to no one and are often inefficiently used, which is only
noticed once the resources have become valuable. Air and water are examples
of resources that are often owned in common. This simply mesns that, at
a given time and place, problems connected with their usage are not important
enough to Jjustify the establishment of rules and property rights regarding
their use.
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C. Order of priority among different uses and/or users

Almost ell water laws create a ranking of prioriti s among uses, and
in some cases also users, establishing a certain order or preference.
This ranking represents the community's appraisal of the social and
economic values of particular uses at a given time and serves as a guide
for the apportionment of water between new applicants. Where improved
efficiency is desired, the rating of uses can be either a help or a
hindrance, depending on how the preference is expressed in the lists
fixing the priority. Unless they are very recent, such lists tend to
embody social and economic criteris no longer pertinent to the current
situation and may hamper the water administration in promoting efficient use.

The ranking of preferences may, however, permit a new higher use to
draw on water already appropriated for an existing lower use. 1In the State
of Wyoming, for example, non-preferred uses can be expropriated for the
benefit of preferred uses when there is no unappropriated water to satisfy
either (Wyoming Stat. Ann. section 41-3). 1In time of shortage the uses
that are lower in the scale may get no water at all or less water than
more privileged uses, as under the Chilean Land Reform Act (Act No. 16640
of 1967, article 107), which gives the President of the Republic power to
issue a supreme decree providing for the total or partial extinction of
any usage right when water must be supplied for domestic purposes.

As will be seen in chapter V when water is in short supply, domestic
purposes invariably head the list of preferred uses. As long as they are
confined to satisfying the needs of individuals or households they present
relatively few problems, even when they include the irrigation of small
pieces of land. Ground water is an exception to this generality: in some
places it has been substantially depleted by uncontrolled domestic use.

In many jurisdictions, however, the preference accorded to domestic
use extends to municipal and community water supply, which can involve
huge amounts of water and considerable waste. This preference is explicitly
stated, for instance, in the civil codes of Ecuador (articles 889, 916)
end Bolivia (article 382), which prohibit diversions that would imperil
the flow in wetercourses for municipal and community supply. The preference
is also explicit in provisions according municipalities the right of eminent
domain, as in the United States of America.

Under the umbrells of municipal water supply, industr‘al and commercial
uses often acquire a preferential status equal to that of domestic use. This
is a problem common to all jurisdictions where industry is concentrated in
steadily expanding urban areas. Domestic and industrisl or commercial uses,
taken together, often come into sharp conflict with irrigation through the
exerc’se of the domestic-use preference.
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The listing of preferred uses in statutes imposes quite rigid guidelines
on the administration, but the concepts of public inte—est and public policy
do provide an escape valve. In all prior appropriation, states within the
United States, for instance, even in those with an elaborate list of
preferences, the administration may refuse a permit if the proposed use
is against the public interest (Utsh Code Ann. section 73-3-8 (supplement
1977)). A more elastic way of dealing with the problem is expressed in
section 27 of the 1969 General Water Act of Peru, which states that 'the
executive may vary the order of preference... above, in the light of the
following basic criteria: +the characteristics of watersheds or systems,
availebility of water, water masnagement policy, land reform plans, uses
conceived in the greater social and public interest and uses in the
greater economic interest.”

Going s step further, the public interest may be the Sole or main
criterion in evaluating uses. Thus, article 9 of the Italimn Testo Unico
of 1933 requires the administration to weigh which concession would better
satisfy the public interest, in addition to weighing financial and technical
considerations. This may give the administration too much discretion unless
it is kept in check by the general supervision of the courts or in the
first instance by special water tribunals.

In some jurisdictions, the administration is given virtuslly carte blanche
to set up a system of priorities in times of shortage for any purposes
considered vital and all other rights may be revoked or suspended. This
may be done by establishing special protected zones or areas. For instance,
the 1966 Water Law of Somalia empowers the administration to declare "limited
use" areas within which it may impose any limitation on the utilization and
distribution of water. A number of the western states of the United States
have legislation providing for the establishment of "designated” or
"controlled" or "critical" areas of ground-water regulation.

Usuelly, authorizations revoked in a time of scarcity are restored when
the water supply returns to normal and compensation is payable. The Paraguayan
Law requires growers of certain crops who have received preferentisl
treatment to compensate farmers whose crops were ruined (Cano, 1956).

However, there are instances where no compensation is paid by those who
benefit to those who have suffered a loss of right.

The laws of some countries of South and Central America contein
provisions giving preference to small farmers, as in the water codes of
three Argentine provinces (Salta, 1946, article 21; Jujuy, 1950, article L8;
and Santiago del Estero, 1950, article 87) and the Bolivian Decree No. 01264
of 8 July 1948. The Mexican Law of Waters of Nationsl Ownership of
30 August 1934 is quite detailed on the subject, giving preference first
to holdings of less than 50 hectares, then to zones of colonization and
thirdly to land belonging to members of users' associstions, before any
other users are satisfied (art. 26). 1In its acreage limitation provisions,
the United States Reclamation Act of 1902 (43 U.S.C. 431, U34) also contains

23~



such an implicit preference, and so do some recent agrarian and social
reform laws that give preference to those who participate in the reform
areas, such as Panama's Act No. 37 of 1962 (article 42G) and Chile's Land
Reform Act of 1967 (Act No. 16.6L40 article 107).

D. Quantification of water-use rights

Quantification of water-use rights is a key element in the efficient
use of water. The extent to which it is carried out by the water administration
depends very largely on the over-all amount of water available, the
characteristics of its occurrence, the uses to which it is put, the degree
to which it can be measured and the cost of administration. (Certain uses
in water-rich areas, for example, are not quantified at all, whereas in
water-short areas even relatively minor uses may be strictly limited.)
Quantification may also be based on factors that have nothing to do with
the current availability of water or present demands but relate to past
uses, outmoded technologies and rigidities in the legal system.

Keeping an accurate inventory of available water is a desirable
prerequisite to quantification. Registration of rights provides an
inventory of waters that cannot be used without authorization. Minimum
flow requirements are a new feature of the modern management of water
resources. These requirements not only inhibit wasteful withdrawal but
also act as a means of preserving the quality of waters against various
forms of pollution, including sedimentation and salt-water intrusion. Such
requirements are part of the 1963 Water Resources Act of England and Wales
(section 19) and the French Rural Code (article 97-1, added by Law No.
64-1245 of 1964), which provides for a debit reserve, and are also in force
in a number of South American jurisdictions (e.g., in the Salta, Argentina
Water Code of 1946, articles bl and 184-189) where they are established as
a basis for calculating the apportionment of water between users.

Minimum-flow provisions to protect fresh-water supplies from salt-water
intrusion are contained in the Japanese River Law of 1964 (Law No. 167,
article 1) and in the United States Federal Water Pollution Control Act
Amendments of 1972 (86 stat. 816, section 102 (b) (2)), which authorizes
the Corps of Engineers, the Bureau of Reclamation, and other federal
agencies to determine the need for storage to regulate stream flow to
that end. The State of Florida defines minimum flow as the limit at which
further withdrawals would be significantly harmful to the water resources
or ecology of the area (Florida Stat. Ann., para. 373.042(1), (197k)).

E. Water rates and pricing policies

Most legal systems set up in greater or less detail the basis for
payment for water. Usually only the general principle is given in the
statute and the details are left to regulations or by-laws of the organizations
supplying water.
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In a considerable number of countries, especially in the riparian
rights and prior appropriation systems, holders of water rights can draw
water directly from the source without charge. Nearly two thirds of the
irrigated acreage in the United States of America, for example, is
self-supplied and no charge is made for the use of water (United States
Water Commission, 1974). No charge is made either in Belgium, Canada,
Finland or the Netherlands for water directly abstracted from sources
(United Nations Economic Commission for Europe, 1977).

This is also the situation in the USSR where article 15 of the 1970
Principles of Water Law states that water use shall be free of charge and
that special water use (that is water used with the application of facilities
or technical devices) "may" be subject to a fee. In many Asian countries
there is no charge for irrigetion water, and in the State of victoria,
Australia, under section 15 of the Water Act of 1958, the riparians
retain their right to free water, even when it is supplied from a government
waterworks (though it is restricted to a fixed maximum quantity, above
which additional water must be purchased) (United Nations, 1967).

The so-called occupiers' rate prevalent in several states of northern
India is usually dependent upon the kind and extent of crop grown and does
not take into account the cost of supplying water. Before World War I,
these rates differed considerably on the various canals and were deliberately
fixed below the commercial value of the water. Irrigators are charged
lower rates to induce them to enter into long-term leases for water supply
(Jacob and Sing, 1972). 1In the early period of many new irrigastion schemes,
it is the practice to give concessional rates or even to charge no rate at
all for the first year or so. This is the practice in Madhya Pradesh,

West Bengal, Mysore and Maharashtra, where the special concession may be
continued for as long as seven years. Similarly, in the United States of
America the Bureau of Reclamation made long-term contracts for water supply
to promote settlement and irrigated agriculture, not economy in water, and
charges were based on an estimate of the users' ability t- pay (United States
Water Commission, 197h4).

In relatively few Jurisdictions are irrigation charges made solely on
a volumetric basis. South Australia is one place where this is done. There,
the waterworks commissioner may sell water metered on the consumer's land
and payable according to quantity consumed (Waterworks Consolidation Act
19321962, section 82).

F. Transfer of rights

The latitude given to users to transfer water rights is not only an
important element of water law but also cantributes to efficiency of use.
Powerful arguments in favour of according users almost total freedom to
transfer rights from one use to another have been brought to bear in the
United States of America, based on the view that market forces help to
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allocate water more efficiently between competing uses (United States
National Water Commission, 1974). This is a complex problem, however.

It includes transfer from one place to another, as well as the right

to dispose of water saved by the diligence of the transferer or transferee.

Perhaps the closest system to free operation of market forces can be
found in Chilean law prior to the Land Reform Act of 1967. Prior to that
act, a concessionaire of public water could sell the whole amount for which
he held a concession or the surplus which he did not need. Through
membership in canal-users' associations water and water conduits could not
only be sold but also rented or encumbered, as well as transformed through
death or by simple conveyance. Water could also be mortgaged separately
from the loans as security for obligations assumed, leaving the way open
for foreclosure and acquisition by third persons (Chile, Water Code 1951,
articles 246-247).

At the other end of the spectrum there are the laws which make water
appurtenant to land and prohibit its sale or transfer without the land -
the objective being to prevent speculation in situations in which the water
is more valuasble than the land itself. This is the case with intuitu rei
concessions in Argentina, which are automatically transferred on sale of
the land and the transfer recorded in the land register.

In Chile, the Land Reform Act of 1967 (Act No. 16640, section 104),
proclaiming all waters to be national property, made usage rights
non-transferable, as did the Peruvian Land Reform Act of 1964 (Act No. 15037,
sections 109 and 113), prohibiting total or partial transfer independently
of land, as well as alienation or lease of waters.

Absolute prohibition, however, is the exception rather than the rule.
Generally, transfer is permitted with the appProval of the water administration
in accordance with appropriate procedures. In giving its approval the
administration may be more or less circumscribed by law. For example, in
the State of Nevada, where water is for all purposes attached to the land,
it can be severred and transferred to other land and used only when it
becomes impractical to use it beneficially or economicslly where it was
attached {Nevada Rev. Stat., section 533.0LO).

More flexibility regarding transfer is to be found in those jurisdictions
which simply require approval of the administration without specifying the
conditions. This is the case in Japan (River Law, Law No. 167 or 1964,
article 3L).

Approval of transfer in these situations is not wholly at the administration's
discretion. There is frequently a proviso in statutes that such change of use
cannot be made to the detriment of existing rights (for instance, in the Kenya
Water Ordinance of 7 May 1652). This, of course, limits the water agencies'
freedom of action and is tantamount to giving a veto to appropriators who
are, or think they are, injured by a projected transfer of use.
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The rigidities of the law concerning transfer is in some cases relaxed
through the medium of users' associations. Colorado law, for example,
states clearly that a water district has freedom to appropriate and
distribute water within its jurisdiction (Colo. Rev. Stat., section
150-5-13 (10)). Outside a district such transfer may not be permitted.

G. Protection and enforcement of water-use rights

Under this heading two different aspects of the protection of existing
water-use rights are discussed: the protection of such rights in the
transition from an old to a new legal régime of water utilizetion, and
the Jjudicial and/or administrative enforcement of existing rights.

One of the most serious obstacles to promoting efficiency and savings
in water use, and especially to the introduction of new measures, is the
existence of prior rights that cannot be abolished without severe
technological difficulties and considerable social and economic upheaval.
The quest for efficiency and better utilization of scarce water resources
may lead to the cancellation of all existing water-use rights in order to
begin anew with a system that protects better the public interest. On the
other hand, in most legal systems water-use rights are considered to be
either property rights or administrative rights entitled to protection.

In any case, the use of water very often involves a heavy investment of
resources and the sudden abolition of the right of use could cause economic
hardship and bring uncertainty into the water economy.

The question then becomes: how should the new evolve from the o0ld?
or how much should pe introduced that is new and how much retained from
the 0ld? Solutions range from leaving the old rights unaffected side by
side with the new régime, through assimilation into new ones after a
period of grace, to immediate and virtual abolition of pre-existing rights.

, Laws that leave pre-existing water-use rights unaffected by a new
regime may bring about a complicated - and, from the standpoint of efficiency,
undesirable - situation in which different regimes apply to the same source
of water.

Until fairly recently it has been a general rule in South American
countries that new water laws do not affect rights acquired before the
effective date of the legislation. Thus, article 677 of the Colombian
Civil Code of 1887, though it declared all surface waters public, left
riparians undisturbed in the use of such waters; so did article 539 of the
Venezuelan Civil Code of 1S42 with regard to the use of non-navigable
streams. In Morocco under the Dahir of 1 August 1925 (article 12),
pre-existing rights were continued in tk)eir existing form and extent,
as if there had been no change in the regime.

In some jurisdictions, the possessors of pre-existing rights who are
not affected by the change need not submit to any new procedure in order
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to exercise their rights. 1In others, a simple declaration or registration
suffices to protect the right.

The modern trend in water law is represented by laws that assimilate
pre-existing uses into new systems after a period of grace. They give
the administration full control while making the transition less painful
for users, who, for reasaqns of economy and efficiency, receive less water
or be forced to alter their pattern of use. The State of Mississippi
adopted this '"conversion method", as it is known, when it replaced its
riparian rights system in 1956 by a prior appropriation system
(Mississippi Code (1172) Ann. section 51-3-7 (1)). It did not exempt
existing r iparian rights from the new procedures but gave the riparians
priority and first opportunity to perfect their rights. The United Kingdom
also adopted the conversion method when it introduced the Water Resources
Act of 1963. The grace period was short under the 1963 Water Code of
La Rioja Province, Argentina (Decree Law No. 21333 of 27 August 1963,
article 296), which gave previous users the right to a new concession
but only if they applied within one year. Generally, upon conversion
of old rights to new ones, the user is entitled to the same quantity
of water as before.

The most radical solution is found in some recent codes that virtually
abolish pre-existing uses by making their assimilation into a new permit
system mandatory, immediate and subject to conformity with national or
regional plans. This gives the administration much more control over
water allocation, and in order to further such assimilation it is desirable
to protect land reform or the efficiency in water use. However, this
approach can be very hard on the users if applied arbitrarily. In Poland,
rights acquired before the Water Law of 30 May 1962 retain their validity
only if they are in accord with general water plans, which is determined
by the administration granting the permit (article 163 (1)). Thus, there
is not a straight conversion of old rights into new ones: the old rights
need approval in each instance, which almost amounts to abrogation.

The Peruvian Land Reform Act (Act No. 15037 of 1964, article 110)
made the recognition of pre-existing rights conditional on their being
in harmony with "social interest", meaning that the rights of the
community take precedence. This law marked the end of the rather automatic
recognition of prior rights in that country and, by giving a flexible
yardstick to measure their usefulness, greatly facilitated abolition.
Iran's Water Nationalization Law of 18 July 1968 (article 6) authorized
holders of pre-existing rights to convert them to permits but left the
extent of their use under the permit to be determined by special committees
appointed for that purpose. The committees were empowered under the act
to take into consideration the quantity of water, amount of land, place
of use, efficiency of use and local customs, and the converted use could
then be very different from the previous right.
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Effective protection of water use rights depends to a large extent on
how speedily and inexpensively a decision can be reached on a controversy
and how fully it is complied with. From the standpoint of efficiency, a .
speedy final decision that cannot be challenged in long, drawn-out proceedings
may be of great importance and in some instances may even warrant trading
off some degree of equity. These aims seem to be well realized where the
entire process of protection and enforcement (except perhaps for criminal
penalty) is in the hands of the water administration proper. For example,
in Poland the agencies that grant a water-use authorization also decide
any dispute concerning it (Water Law of 30 May 1962, article 3) and the
genersl courts merely have appeal Jurisdiction as to the amount of compensation.
Since the Water Resources Act of 1963, Englend and Wales also follow this
system to the extent that all appeal decisions of the appropriate minister
are considered final (section 39 of the Act). However, in the general legal
system in England there is always recourse to the courts from final
administrative decisions, at least for over~stepping the limits of competence,
but such recourse ordinarily would not stay a minister's decision.

Leaving the entire decision in the hands of the administration may lead
to arbitrariness. This is why in some jurisdictions special courts that
combine administrative and judicial features were established. When they
function well, such courts provide a judicial counterbalance to administrative
arbitrariness and still preserve the desired speed in reaching a decision.

In some instances they perform both purely administrative functions, as

when they grant authorizations to use water, and jJjudicial functions, as when
they exercise civil jurisdiction in disputes. On a somewhat lower level,

this is not dissimilar from the functions of the tribunals of water associations
in Spain and in Latin American countries. There, however, the tribunals are
limited in their judicial role to deciding questions of fect, leaving questions
of law, if they occur, to the general courts.

One important feature of the decisions of special tribunals, especially
those of lower order, is that recourse from them to other courts does not
stay the decision. For example, in Chile the executive bcard of a canal
users' association acts as a tribunal (Water Code of 1951, articles 138 and
141). It follows arbitration procedure and is not bound by the rules of
evidence. First, a prima facie case is established and then a decision is
given within a month. If there is a delay the judges may be fined. The
board may also impose fines and suspend water supply for violations. The
legality of a decision can be challenged before an ordinary court, but
this does not stay execution. By contrast, in countries where ordinary
courts decide disputes, as in the United States of America, under both the
prior appropriation and riparian rights systems, administrative decisions
are (except in emergency situations) enforceable only through often lengthy
procedures.
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H. Duration and loss of rights

Another feature of the new water codes that fosters efficient and
effective use of water is the limitetion of such use to a definite period
of time. The length of time is not uniform but perhaps should not be
shorter than 25 years, as advocated in some model codes. In this way,
past mistakes can be corrected and water uses would fit more easily into
the general scheme and be made to correspond to the changing interpretation
of social interest.

As noted previously, in many different jurisdictions and under different
water-use régimes, the law mey tolerate and condone even extremely wasteful
practices as long as they conform to prevailing techniques for the particular
locality, and when there is no explicit intention to waste water. Failure
to use the water is viewed in an entirely different light and is perhaps
the most frequent cause of loss of water rights.

Though it is true, as a general proposition that neither abandonment
nor forfeiture apply in the riparian rights doctrine, non-use as a cause
of loss of right can be found in some riparian jurisdictions, especially
in those states located in the western region of the United States of America
(Oregon, Washington, South Dakota and Nebraska) with a mixed riparian-prior
appropriation system. Non-use of appropriated waters is the most serious
of all violations in the prior appropriation system, and courts have
uneqguivocally interpreted it as a tantamount to waste.

The length of time that must elapse before a right can be revoked for
non-use is to some extent a measure of the permissiveness of the law as far
as efficiency and economy of use are concerned. This varies widely, from
two consecutive years under the Chilean Land Reform Act of 1967 (section 109
(1a)) to 20 years under the Spanish Civil Code of 1889 (article Lhl).

An alternative to spelling out in the legislation a precise time-limit
for non-use, and which gives the water administration considerably more
discretion and flexibility, is to make use of the right within a reasonable
period a condition of authorization. Failure to observe the conditions of
the concession, license or permit as a ground for revocation ofright is
already stated as a general proposition in the water legislation of many
countries - for example, several of the Argentine provinces, south Australia,
Austria, Israel, Japan, Kenya, Paraguay amd Spain - and it is left to the
water administration to detail specific conditions.

Inefficient use as a specific cause for revoking rights exists in some
jurisdictions. It generally involves failure on the part of the user to
prepare his land to receive irrigation water, or failure to construct or
repair whatever works or parts of works he is responsible for, so that the
water goes unused. The laws of the Argentine provinces contain such a
provision and so does a Bolivian Decree of 1948, the 1967 Land Reform Act
of Chile (article 109 (e)), and the 1931 Rural Code of Paraguay (article 38L).
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Neglect to meintain works in good working order is a ground for cancellation
or suspension of rights in Poland (Water Law of 1962, article.57); Israel
(Law No. £179-1959, section 11); south Australia (Irrigation Act 1930-1946,
sections 70 and 72), where the administration may assume control of leased
land when the lessee is guilty of neglect; and Panama (Act No. 37 of 1962,
article h27).

I. Adninistrative powers

Tréditionally, water laws were dispersed in numerous enactments and
were use-oriented - that is, separate laws governed separate uses
(United Nations, 1967). A codification process spread at a rather leisurely
pace until spurred, after the Second World Water, by demand for water and
advances in the hydraulic sciences. The consolidation of water law has
been followed by the parallel consolidation of water administration. It
is often more effective to have one administrative entity to administer a
single body of laws. Not only can contradictions and conflicts be reduced
to a considerable extent but national plannirg is also made easier. This
can contribute to the achievement of efficiency in water use.

So far as efficiency in water use is concerned, it is important that
allocation and use of water be vested as completely as possible in public
administration. This is generally the case in modern codes.

Leaving aside local variations, the model sought in adminidgration is
the consolidation of water activities under the direction of regional
administrative agencies corresponding to areas as close as possible to
drainage basins, with the co-ordinating and policy-making functions
entrusted and centralized in one water agency of national scope.

The consolidation on water administration in terms of drainage basins,
has been pushed one step further by an emerging awareness of the unitary
charater of the over-all environment. Under the impact of this idea,
water administration has been consolidated or co-ordinated within the
administrative framework concerned with the enviromment as a whole. This
has great advantages in promoting an inter-disciplinary approach to the
management of the environment in general and of water in particular. It
also tends to promote pollution-control measures.

However, emphasis on pollution control and environmental protection
may inhibit some developmental aspects of water administration, such as
long-distance and inter-basin transfers of water and large storage projects,
and may postulate the maintenance of minimum flows and estuarine supplies
of fresh water.
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Chapter IV

EFFICIENCY IN THE USE OF WATER FOR IRRIGATION AND
THE ROLE OF PRICES AND REGULATIONS

A. Introduction

Efficiency in the use of water for irrigation is normally defined in a
physical sense - in engineering and agronomic terms; and it is often assumed
that higher efficiency is desirable. However, in an economic sense, there is
an optimum range in the level of physical efficiency. Normally it can be said
that as water values increase, it becomes more rational to increase physical
efficiency by selecting and adopting improved methods of controlling, measuring
and applying water, and to design systems of pricing and regulations that will
promote optimal allocation and efficient use. However, the value of water is
often extremely low, in which case there may be little economic incentive from
the viewpoint of an individual enterprise to improve physical efficiency unless
forced by physical factors that affect production and productivity - such as
soil characteristics, water logging or nutrient leaching. Water used for
irrigation is free: its value varies from place to place and from season to season.
Institutions for the management and administration of water also vary widely and
are affected by traditions, regulations, prices and subsidies.

However, from the viewpoint of the public, improvements in efficiency
through the introduction of appropriate incentives can have far-reaching
implications for increasing production and productivity and for saving water.
The water saved can be used extensively (to expand irrigation to new irrigable
lands) and intensively (to increase yields from lands already under irrigation).

Price determination is a function of many interrelated site-specific physical
and biological factors, such as climate, soils and crops. The combination of
regulations and prices also reflect trade-offs in the resolution of the conflicting
goals of redistribution of income in favour of agriculture, the recovery of
capital and the need to encourage efficient use of water. Regulations and pricing
systems also depend on the value of water, the dependability of supplies, systems
of delivery and the extent to which flows can be regulated.

Physical efficiency in the use of water for agriculture is generally far
below attainable levels. Diversions in excess of actual needs are common, yet
most water losses in transit, distribution and application could be reduced
significantly through proper planning, design, construction, operation and
maintenance of the system. The application of institutional and economic incentives
through properly formulated policy instruments can lead to improvements of the
pPhysical and also of economic efficiencies.

Concerning policy instruments, it is noteworthy that the United Nations Water

Conference (United Nations, 1977) declared that "pricing and other economic
incentives be used to promote efficient and equitable use of water". On the
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subject of water for agriculture, which received great attention, the Conference
adopted a phased action programme directed towards increased production and
productivity. As this may be of interest to the reader, a brief indication of
the trends and momentum resulting from the Conference, including a description
of the phased action programme for agriculture, is presented in annex III.

The present chapter is mainly concerned with places where and times when
irrigation water has a positive value and with ways of allocating it. It is also
concerned with the use of prices and regulations as instruments of policy to
encourage economic efficiency, recover costs of irrigation projects and encourage
equity. Economic and physical efficiencies and their interrelation are also
discussed. 2/ Section B deals with physical and economic efficiency, value and
resource combinations. Section C discusses factors affecting prices and
regulations for irrigation water. This is followed by a discussion in section D
of alternative systems of delivering irrigation water to farms and of ways in
which pricing can be adjusted to suit these alternatives. Section E briefly
summarizes cases of actual practices in selected countries, including India,
Israel, Mexico and Peru. The Peruvian case is relatively more detailed in that
it presents a methodology for estimating the value of irrigation water and
suggests some alternative pricing schemes. These case studies are preceded by
a brief outline of the cost recovery goals of the World Bank. Conclusions and
some suggestions for pricing irrigation water are given in section F.

B. Physical and economic efficiency, value and resource combinations

The term "efficiency" is used in a variety of ways to describe performance
in relation to the use of water in agriculture. It means different things to
economists, engineers and agronomists. Misunderstandings can and do arise
occasionally. Accordingly, it is useful to examine such definitions from these
various viewpoints.

1. Physical efficiency

In agronomy, the term "water-use efficiency" is used to express yield
(usually dry matter), divided by the amount of water consumptively used by a
plant during the growing season. It should be noted that water-use efficiency
is equivalent to an average crop yield per unit of water, or to an '"average
product", provided that water use is measured in terms of consumptive use.
Water-use efficiency is not a dimensionless index of efficiency.

Irrigation efficiency, by comparison, is an index of the physical performance
of a complete irrigation system or components of a system. It is affected by the
value of water as well as by physical circumstances and factors. There are
unavoidable losses in application, storage and distribution systems, including
evaporation and seepage losses from reservoirs and conveyance channels,
transpiration by non-beneficial vegetation, deep percolation losses in fields and
operational waste (see fig. III). The magnitude of these losses varies widely

2/ Some of the material in this chapter follows the discussion by Neghassi
and Seagraves (1978).
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Figure II. Disposition of water diverted for irrigation

Source: M. E. Jensen, "Evaluating irrigation efficiencies,” Journal of Irrigation and Drainage Division
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among irrigation projects, owing to differences i.a physiographic features, water
control and conveyance structures, management practices and methods of irrigation.
Conveyance, application and over-all irrigation efficiencies are useful concepts
in the design of projects, in feasibility studies and in the operation, management
and evaluation of irrigation projects.

Application efficiency is usually expressed as a ratio of the volume of
irrigation water consumptively used (transpiration by plants and eyaporation from
the soil and plant surfaces) and of water needed to regulate salt concentration
in the so0il to the total volume of water diverted for irrigation. In other words,
it is the sum of evapotranspiration and leaching requirements divided by the
quantity of water diverted to the field (the volume at point 4 in fig. III).

Water conveyance efficiency is the ratio of the volume of water delivered to the
field (measured at point 4) divided by the total volume of water supplied to
distribution systems (measured at point 3). Surface evaporation, operational
waste, canal seepage and evapotranspiration are the major components of conveyance
losses. Over-all irrigation efficiency is the product of the component efficiency
ratios, or the field application efficiency multiplied by conveyance efficiency.

A common misconception about irrigation efficiency is the notion that if
efficiency is increased there will be a substantial increase in the water
available downstream. Improvements in efficiency result from a decrease in
application and delivery losses. However, since much of the excess waiter may
return to the stream, such decreases in upstream deliveries may not result in
equal increases in net available water for downstream users.

The method of irrigation is primarily an economic choice. The selection of
a particular method is affected by the way in which water reaches farms, the
topography, level of technological development, availability of trained manpower,
value of water and relative price of labour and capital. When water is more
valuable, in general there will be more interest in physical efficiency and
systems that lead to economic efficiency.

Table 1 presents several irrigation efficiencies from a global study by
Bos and Nugteren (197L). Application efficiencies are higher for sprinkler
irrigation as compared with surface methods, which include furrow, basin and
flooding. Surface irrigation is, however, by far the most common method in use,
and over-all irrigation efficiencies are on the order of 20 to 30 per cent. The
study is based on 1,439,300 hectares irrigated as representative of a potentially
irrigable area of about 5 million hectares. Average application efficiencies were
53, 32, 60 and 66 per cent for groups I, II, III and IV respectively. Group IV
combines countries whose agricultural systems are highly capital intensive and
which use sprinklers for supplemental irrigation and probably have low-valued
water. Group I represents areas that are generally more labour-intensive and
are characterized by small farm holdings and a severe rain deficit.

The definition of application efficiency does not explicitly reflect adequacy

or uniformity in the application of irrigation water. Nevertheless these measures
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Table 1. Global irrigation efficiencies: conveyance, application and overall efficiency
for four globel regions grouped by climatic and socio-economic factors a/
Efficiencies
Conveyance Application efficiency as influenced Overall Criteria for grouping Countries in group
efficiency by method of irrigation average
: . . irrigation
Average Furrow Basin Borders Sprinkler efficiency
0.40 0.53 0.5k 0.66 0.47 ces 0.22 GROUP 1
. 4 A Severe rain deficit Colombia, Egypt
- Number of sample areas 28 N V . > 4
Irrigable area 6 683 000 hectares Entirely dependent on India, Iran, ,
Irrigated area 1 851 000 hectares irrigation Israel, Mexico,
& Small farms Zimbabwe-Rhodesia
Cereals grown as main
crop
© 0.65 0.32 .o 0.32 ... cee 0.21 GROUP II
Some rains Colombia, Guyana,
-N“m?er of sample areas 22 Supplemented irrigation Japan, Democratic
Irrigable area 1 218 000 hectares - . People's Republic of
! Irrigated area 309 800 hectares Main crop rice eople’s Hepubilc OF «
w Korea, Malaysia, Malawi,
o Philippines, Thailand
1 ) .
10.51 0.60 0.58 0.59 0.57 0.68 0.31 GROUP IIX
'Number of sample areas 32 Shorter irrigation Australia, Cyprus,
Irrigable area 1 530 000 hectares season France, Greece, Italy,
:Irrigzted area 379 000 h:ctares More advanced technologies Portugal, Spain,
: € Cereals, fodder crops, fruit, Turkey, United States
' vegetables of America
[ . o
0.39 0.66 .es ves cee 0.66 0.26 GROUP IV
Number of sample areas 10 Cool, temperate climate Australia, Cangda,
. Federal Republic of
Irrigable area 359 000 hectares Germany, Netherlands
area 67 200 hectares > ?

Irrigated

a/ M.G. Bés and J. Nugteren, 197h.

United Kingdom



are important and should be considered carefully when interpreting, comparing

or using irrigation efficiencies. For example, if water is applied to furrows
until an adequate amount is absorbed at the lower end of the field and if the
tailwater could not be reused, the application efficiency may be as low as 60 per
cent. However, if tailwater could be reused, the efficiency may exceed 90 per
cent (Neghassi, 1971).

3/

2. Economic efficiency and marginal cost pricing=

Economic efficiency refers to the optimal use of water from the standpoint of
society. Optimal use is achieved when the welfare of society will not be improved
by re-allocating water to other uses. If the quantity of water is fixed, then the
marginal social benefits of additional water allocated to each use should be equal.
Thus, the value of water corresponds to the marginal social benefits in its best
alternative uses and this provides the opportunity cost of water for any other
usage. If additional water can be secured at some marginal social cost in terms
of other resources, then this cost becomes the marginal value of water.

Maximizing social welfare requires that additional water be obtained for each use
until the marginal social benefits in each use equal the marginal social cost of
acquiring the additional water.

This description of an optimal state - that marginal social benefits equal
marginal social costs -~ does not imply anything about the method of achieving
this state. Two different approaches may be taken. Experts can study levels of
usage that make the two roughly equal and then influence policy towards allocating
water to each use in this manner. This could be called the "mandatory" or
"beneficial"use" approach. Alternatively, society can set prices based on the
marginal net social costs (which include the marginal ‘costs of producing the water
and of important externalities) as a guide in setting prices. These prices, when
paid by users, become marginal costs. These can be shadow prices, when direct
estimates do not exist. Individual users acting rationally will use more water
until their marginal private benefits roughly equal the price. Presumably, this
water usage will be equal to that prescribed in a mandatory or beneficial use
approach.

3. The relation between the value of water and observed physical efficiencies

There are many ways to combine labour and capital. These resources substitute
for one another. The value of all resources, plus the technical possibilities of
substitution, determine the optimum combination. The higher the wage rate, the
more it pays to save labour and substitute other inputs. The same applies to water.
As water values increase, so does use efficiency. A low value for water implies
that a low level of irrigation efficiency may be economical, if poor drainage and
salt hazards do not arise from excessive application. High values of water imply
high levels of efficiency. There is little evidence indicating that field crops
respond differently to different irrigation methods under normal growing conditions.
However, rational selection of the method is based on the system of economic
incentives.

;/ The discussion below is further to that presented in chapter I.
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Table 2 presents a hypothetical example of the influence of the value of water and

wag: rates on the selection of an optimum method.

Table 2. Hypothetical illustration of the effect of wages and the
value of water on the selection of optimal (economic)
irrigation method and related application efficiency

Value of Water

(and application Wage rates
efficiency)
Low High
Low Wild flooding Border
' Border flooding Furrow

Basin flooding
Medium Furrow Portable sprinklers
Subsurface Solid set sprinklers
Centre-pivot sprinklers

High Portable sprinklers Drip

Of course, the optimum method depends on other factors, such as type of crop
and soil, topography and level of technology. When capital is limited in
comparison with the availability of labour, low wage rates and traditional methods
of irrigation (such as flooding, furrows and portable sprinklers) tend to
predominate. These methods are relatively more labour intensive. On the other
hand, when wage rates are high, more capital-intensive methods, such as solid set
sprinklers, centre-pivot sprinklers and drip irrigation, are optimal. Therefore,
low water values are associated with surface irrigation, while high values make
sprinkling and drip irrigation economically efficient. It is likely that properly
structured economic incentives lead to increasing irrigation efficiency as the
value of water increases. Similar conclusions could be reached in reference to
application efficiencies (see table 1).

C. Factors affecting prices and regulations for irrigation water

The regulations and prices used to allocate water depend on the value of the
water, availability and dependability of supply, the ability to control its flow,

the desire to subsidize agriculture, the value of the crop, traditions of ownership,

the type and pattern of cropping suited to the location, the value of the crop
products and the number of farmers involved. ©No one system of allocation can apply
to all areas. An understanding of systems is needed to improve the efficiency of
use in different site-specific circumstances. It may be useful to try to explain
factors affecting choices among systems for regulating and charging for water
before describing systems that are actually being used.
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1. The value of water

If the value of irrigation water is low, as is often the case, it is
generally not economical to measure it or levy charges for it. More accurate
measurements and more sophisticated systems for allocating water resources could
emerge as the value of the resource increases. An allocative scheme involving
volumetric measure would be inappropriate if the cost of measuring the water
exceeds the value of the water itself. Better measurements and record-keeping
schemes would be expected when the cost of measurement and administration falls
and the value of the water rises.

Establishing value for irrigation water presents a number of unusual
difficulties. :llarket prices for it are rarely enccuntered, so estimates of value
are based on indirect approaches involving the determination of water production
coefficients and economic value of the crops. Accurate measurements of crop
water use and yield cannot be made because crop growth is a biological process
occurring in an uncontrolled dynamic and stochastic environment affected by
climate and soil-water-plan relations. Crop yield is also affected by other inputs
and the way in which they are combined with each other and with water. The pattern
of cropping and the adopted varieties of each crop respond differently to water
applications (see, for example, Young and Gray, 1972; Blaney and Criddle, 1962;
FAO, 1977; Neghassi, 1974; Jensen, 1973).

Crop response is inhibited by soil salinity and alkalinity and by the level
of salts in the irrigation water. In cases where water is plentiful and applied
in excessive quantities, there is the danger of raising the water table with
resulting drainage problems. This suggests that even when the value of water is
low, farmers should guard against excessive applications of water.

2. Government recovery of capital investments and subsidy

In practice, the scope for efficiency pricing of irrigation water is limited.
As can be seen from table 3, which summarizes the practice in selected countries,
irrigation projects are generally highly "subsidized", implying that the direct
beneficiaries do not pay for the complete cost of irrigation. Since irrigation
projects also generate indirect benefits and irrigation is one of several project
purposes, it is reasonable that other beneficiaries should bear a share of the
costs of the irrigation infrastructure and operation and maintenance. In this
sense, repayment commensurate with the benefits realized by other beneficiaries
should be deducted from over-all project costs before the extent of subsidy to
direct beneficiaries can be inferred.

In many countries efficiency pricing of canal irrigation water does not exist.
Instead, irrigation water is subsidized. A recent summary of 17 irrigation
projects financed by the World Bank (Duane, 1975) reveals that, on average, 30
per cent of total project costs are recovered. In that study, water charges
comprised only 17 per cent of the incremental farm income. Why are irrigation
project costs only partially recovered and why do subsidies for irrigation water
remain so high? The following points may help explain the situation in part.
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Table 3. Level of subsidy of irrigation water in selected countries/regions

Country/Region Nature and level of subsidy Reference

Australia All capital construction costs and part Bhagivath (1969)
of operation and management costs

Canada More than 50 per cent of capital con- Bhagivath (1969)
struction costs

China 50 to TO per cent of capital construction Asian Development
costs Bank (1973)

Democratic 100 per cent of capital and O and M Asian Development

Kampuchea costs Bank (1973)

Democratic T0 per cent of capital construction costs Asian Development

People's Republic
of Korea

Europe

India

Japan

Lao People's
Democratic
Republic
Malaysia

Pakistan

Peru
Philippines
USSR

United Republic
of Tanzania
United States

of America

Viet Nam

Generally 40 per cent of costs of
irrigation

80 per cent or more of annual equivalent
costs of construction (major projects)

L0 to 80 per cent of capital construction,
improvement and reclamation costs

100 per cent of capital and O and M costs

100 per cent capital construction and over
50 per cent to O and M costs

In lower Indus region, cost of irrigation
is only 10 per cent of the returns to
irrigation

All capital costs of major irrigation
projects

L0 per cent of operation and management
costs in the Santa Cruz system

100 per cent irrigation infrastructure
and operation

100 per cent of capital and O and M costs

Up to 60 per cent in Burean of Reclamation
projects; mostly by other uses, mainly
power

100 per cent of capital and O and M costs

=40~

Bank (1973)

ECE Committee on
Water Problems

(1976)

Taylor (1971)
Asian Development
Bank (1973)

Asian Development
Bank (1973)
Taylor (1975)

Caruthers (1968)

Seagraves (1978)
Torres (1972)
Bhagivath (1969)
United Nations
questionnaire
Water Resources

Council (1968)

Asian Development
Bank (1973)



Following the example of other nations, some countries subsidize
agriculture. Just as tariffs can quickly become competitive, so can policies
to subsidize agriculture. Subsidy of agricultural projects, including irrigation,
is justified on grounds of increasing exports and rural employment, while reducing
migration to the cities and domestic food prices. It is frequently difficult to
charge farmers for water during the early years of a project, thus making it
politically impossible to institute water charges at a later stage.

By the same token, irrigation projects are popular and "safe'" ways for
politicians to show that they are helping their Fasm polulatiox. Politically
determined prices are generally inflexible. A higher order of political rigidity
often makes it impossible for one water jurisdiction to sell title or rights to
another - hence an incentive towards construction and commitment of available
supplies. Certain errors in economic reasoning have played a role, such as
ignorance of the msrginal principle, double counting of benefits and use of
inappropriately low discount rates. In the United States, no provision is made
for recovering more than 100 per cent of a successful project; in the case of
failures, cost recovery is often less than full. But, all projects in an area
tend to contribute to recovery at the level of the least profitable project
(United States Water Resources Council, 1968). It should also be pointed out
that if Governments start charging what water is worth, some farmers may be
forced out of business, but others will buy the land at lower prices. One of
the long-run effects would be to reduce the market value of land.

3. Number of farmers involved

When the number of farmers sharing an irrigation system is small, personal
agreements may be used to resolve differences among them. As the number of users
increases, it becomes more logical to adopt formal pfocedures to allocate water.
Price rationing is one of the simplest ways of doing this. Water may not be
priced at its value because stream flows not regulated by a reservoir may vary
depending on the season, time-of-day and other factors. If the value of water
fluctuates a great deal, it may be too difficult to vary the price. Hence, a
low price is assigned to encourage full use in periods of abundance. Quotas or
regulations are used to allocate water among farmers in times of shortage.

4. Uncertainty and variability in water availability

Uncertainty and variability in the quantity of water makes rate-making
difficult. This problem is compounded by the difficulty of estimating water
requirements on the basis of specific cropping patterns and delivery systems.

For example, there are instances where under-estimation of delivery system losses
have resulted in the failure of some projects. With such difficulties in mind,
decision makers tend to promise less and deliver less. The success of efficiency
pricing of irrigation water depends on measuring water. However, the cost of the
measurement is often so high compared to its value that from an over-all social
point of view, it is not desirable to measure it. In canal irrigation projects,
egpecially those serving numerous small lots, metered sale of water is costly to
implement and administer. It is rarely practised in developing countries.
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When flows are variable, it is common to distribute water among farmers
according to shares. Each farm receives a proportion of the flow of a river for
a certain period of time. Fairness may be more important than measured quantities
in such circumstances and farmers may defend their "right" to a certain share of
the river flow. Ownership may reside with the Government by law, while, in fact,
farmers are accustomed to receiving the water free of charge. The value of such
water rights fluctuates over time with agricultural prices and is probably built
into the purchase price of the farms. If a Government began charging what the
water was worth, it might put many farmers out of business.

Charging the full value of the water under such circumstances would amount
to repossession of water "rights".

D. Alternative systems of delivery to the farm and pricing

1. Pricing structures

Different pricing structures (charge schedules) for irrigation water are
in force today. Structures differ from country to country and from project to
project. Charge schedules are of two general types: (1) flat-rate or fixed
charges not related to volume of water schedule; and (2) graduated charges or
charges related to volume.

Under the first, the rate is based on area or volume, whereas in the second,
some measure of volume is implicit in rate determinations. Variations of both
depend on the method of delivery, crop, type, season, application method, soil
type and number of irrigations. Some examples from Mexico are given in section E-3
of this chapter. Method of delivery and charge schedules are strongly
interdependent, as the following discussion shows.

2. Systems of delivery

The method by which irrigation water is delivered affects irrigation
efficiency and affects feasible pricing systems. Four common methods of delivery -
continuous flow, rotation, demand and closed pipe - are distinguished below.
Seldom, if ever, is all of the irrigation water in a region always delivered by
a single method. Modifications or combinations of two or more methods are more
commonly used, depending on tradition, physical conditions, and level of water
development and control.

(a) The continuous flow system

Under the continuous flow system, water flows through a canal on
certain days and each farmer is free to take the quantity he needs. The water
itself may be free, even though the delivery system may be costly. In such cases,
farmers usually pay annual fees for access to the water or contribute labour
towards the maintenance of the canal. It does not make sense to estimate the
amount of water used or to charge different rates per hectare for different crops.
It might make sense to levy charges per hectare and to vary these charges depending
on the cost of storage and delivery to a given point.
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(b) The rotation system

In the rotation system, water is delivered to users by turn,
according to a prearranged schedule. This makes it difficult for a farmer to
delay receipt of his water or to transfer it to someone else along a different
canal. But, a flexible schedule also causes problems. Flexibility makes it
necessary to inform everyone of the time the water for their farm will arrive.
Such systems of rotation are usually based on proportional division of stream
flows s0 that farmers receive shares of an annual flow rather than a known
volume. Lven though the volumes of water might not be known, shares could be
valuable to all users since those shares could be traded or sold. A sensible
way to charge farmers on a rotation system might be according to the number of
shares or the proportion of water they receive. Farmers often are charged by
the hectares served or the hectares of each crop multiplied by a certain volume
per hectare. In other words, the water charge is a land tax or a differential
land tax for different crops. It is sensible to base water charges on shares
received because this relates charges to water usage (demands), enabling
administrators and farmers to buy differing numbers of shares.

(c) The demand system

The demand system involves the delivery of water to farms at times
and in quantities requested by the water user. It is ideal from the user's point
of view because it permits irrigation of crops when needed with the most efficient
and economical quantity of water. This system of delivery offers many opportunities
to encourage efficient use of water. In open canal systems, such deliveries
require an ingenious and flexible operational organization capable of matching
daily supply with demands. As the name "demand system" suggests, users are able
to request and actually receive the quantity of water they wish. Prices based
on volume are both feasible and sensible. This does not suggest that the same
price must apply to the whole volume purchased by one user; free quotas plus
penalties for exceeding them, or gradually increasing block rates, are also
feasible.

(d) The closed pipe system

The closed pipe system is the fourth method of delivery. Under this
type of demand system, water is distributed through a system of pipelines over
the entire project, and farmers can draw water in accordance with their demands
at any given time. Closed pipe systems are generally used in conjunction with
overhead sprinkling, drip and subsurface irrigation. When closed pipe and metered
systems exist, it is easy to levy charges based on volume or graduated on the
basis of water delivered to a farm.

3. The relation between system of delivery and efficiency

The value of water and the ease with which flows can be controlled affect
the system of conveyance used, and the systems chosen in turn affect efficiency.
For example, Israel has an extremely limited supply of water and most of it is
now distributed in a closed pipe system.
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Table 4 gives values for average irrigation efficiencies for the four
methods described above. It is noteworthy to observe that farm application
efficiency increases sharply from about 26 per cent for the continuous flow
system to approximately 70 per cent for the closed pipe (sprinkler) system.

One explanation of this is the greater use of volumetric water charges in the
case of delivery and demand and closed pipe systems, which is made possible by
the advanced technical water control facilities. A main reason for the sharply
decreasing value of conveyance efficiencies, from 90 per cent for continuous
flow to 53 per cent for the demand system is that seepage losses are higher in
a non-continuous (rotation and demand) method of delivery. Since total seepage
losses are directly related to the length of the conveyance canal, differences
in length can affect the conveyance efficiencies. The differences could also
be due to other interrelated factors that affect canal seepage (type of surface,
vetted area, age and shape of the canal, type of surrounding soil and amount of
sediment in the water).

Table 4, Effect of system of delivery on component
and overall irrigation efficiencies

System of Application Conveyance Over-all
delivery efficiency efficiency efficiency
Continuous flow 0.27 0.91 0.25
Rotation 0.1 0.70 0.29
Demand 0.53 0.53 0.28
Closed pipe 0.70 0.84 0.59

Source: Bos and Nugteren (1974).

Another important point revealed in table 4 is the dependence of the over-all
efficiency on the product of the component efficiencies, indicating that
improvements in farm application efficiencies and implicit potentials for water
saving can be nullified by low conveyance efficiencies. Therefore, programmes
to improve over-all efficiencies should be viewed with simultaneous consideration
of the components of the total irrigation system.,

E. Brief reviews of actual practices

1. The World Bank: cost recovery goals and performance of Bank projects

In general, the farmers who use irrigation projects pay but a small part
of the costs of these projects, and the way in which charges are levied does
little to encourage efficient use of water. Of course, the farmers are not the
main beneficiaries of large projects; rather, the consumers benefit most through
lower prices. The basic issues have been stated as follows by Paul Duane (1975):
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"In principle, cost recovery issues involve two sets of considerations.
The first is concerned with the level and structure of the prices to be
charged for the output from a project so as to maximize its net economic
benefits to the economy, i.e., with "efficiency'" prices. The second set
of considerations relates to the desirability of adjusting the efficiency
prices, or charging alternative taxes, because of fiscal and financial
concerns or on income distribution grounds. Among the questions that
arise in this context are: How pressing is the need of the government for
additional fiscal resources; what is the current and expected income
position of the beneficiaries; how important is financial independence of
the project entity; how feasible is it to levy additional charges; and how
seriously do they affect the net benefits from the project?

"The scope for efficiency pricing of irrigation water is limited,
however. 1In the case of canal irrigation projects, especially those
serving numerous small lots, metered sale of water is costly to implement
and administer, and is rarely practiced in developing countries.
Nonetheless, the potential advantages of volumetric pricing are great, both
for bringing about optimal water use in the command area and for revenue
generation.

"The Bank's policy has been to require a recovery of at least the
public sector's operation and maintenance (0 and M) costs, and up to 100
per cent of all direct public costs of a project, with revenues and costs
in future years suitably discounted and adjusted for general inflation and
with costs measured at domestic market prices. In practice, negotiated
recovery rates in Bank projects have indeed exceeded O and M costs, but
have fallen well short of total costs /see table'5/. According to a survey
of 17 Bank irrigation_projects, anticipated recoveries averaged only 29 per
cent of total costs /see table 6/. The policy has therefore allowed wide
discretion in setting the level of charges, at least in relation to public
costs. Justifications of proposed charges have referred mainly to the need
to preserve user incentives.

"There seems to be no obvious, meaningful pattern. Indonesia Rehab,
I1IT has the second lowest cost recovery index (10 per cent), but Indonesia
Rehab. IV (40 per cent) and II (49 per cent) are in the upper range. India
Pochampad has the lowest recovery (8 per cent), but India Kadana is slightly
above average at 31 per cent. Both Korean projects are at the low end of
the range (14 per cent and 16 per cent). The two Malaysian projects are
somewhat above the average (31 per cent and 37 per cent).

"The benefit recovery indexes for the 17 projects (the percentage of
incremental farm incomes expected to be recovered by water charges) average
17 per cent and range from 5 per cent to 33 per cent; 60 per cent of the
projects are in the 5 to 16 per cent range and the remaining 4O per cent
range between 20 and 33 per cent. There seems to be no obvious correlation
between the cost recovery index and the benefit recovery index".
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Table 5. Sample comparison of estimated level of water
charge collections and operation and maintenance
costs at full development: 1k projects

Estimated
level of Estimated
annual water level of
Loan credit Year charge annual
Country number Project signed collection O + M cost Surplus

(millions of $)

China T-CHA Ground water 1961 2.31 1.37 0.94
(Taiwan Province) ‘

India 13-IN Shetrunji 1961 0.26 0.10 0.16
Pakistan 11-PAK Dacca 1961 0.21 0.10 0.11
Mexico 275-ME Irrig.Rehab. 1961 9.39 5.57 3.82
Pakistan 22-PAK Khairpur 1962 1.60 1.60 0.00
Pakistan 39-PAK Brahmaputra 1963 1.06 0.19 0.871
Pakistan 40-PAK Chandpur 1963 1.02 0.46 0.56
Turkey 38-TU Sayhan T 1963 1.28 0.64 0.6k
Malaysia L3h-MA Muda 1965 1.31 1.00 0.31
Mexico 450-ME Irrig.Rehab.IIT 1966 1.7k 0.98 0.76
Malaysia 500-MA Kemubu 1967 0.60 0.33 0.27
Sri Lanka 121-CE Lift Irrigation 1968 0.15 0.15 0.00
Mexico 52T-ME Rio Colorado 1968 T.02 3.82 3.20

Source: Paul Duane, 1975.
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Table 6. Cost recovery index and proportion of water charges
to incremental farm income: 17T projects

Name of project Cost recovery index Water charges as percentage
(percentage) of incremental farm income

India - Pochambad 8 10
268-IN

Indonesia - Rehab. III 10 5; 9 a/
220-IND

Republic of Korea - Yong 1k 13
San Gang

Republic of Korea - Pyongtaek 16 31
Kumgang 600-KO

Philippines - Pampanga 20 5
637-PH

Afghanistan - Khanabad 26 11
2L8-AF

Madagascar - Lake Alaotra 31 26
214-MAG

Malaysia - Kemubu 31 14316 v/

India - Kadana 31 11
196-IN

Egypt - Nile Delta 32 21329 b/
181-UAR

Mali - Mopti Rice 34 33

Iran - Dez 1 34 15
594~ IRN

Greece ~ Ground water 35 20
754-GR

Malaysia - Muda 37 7
L3h-MA

Indonesia ~ Rehab IV. Lo 7510 ¢f

United Republic of Cameroon - L6 23
Semry Rice '

Indonesia - Rehab. III k9 6;20 4/
195-IND

Average 29 17

Source: World Bank project Reports (various years).
a/ Depending on location.
b/ Tenant and owner, respectively.
¢/ Depending on crops.
d/ Depending on other inputs.
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Lven though we may consider these recovery ratios low, they.are probably
much higher than the average recovery ratio for comparable projects not financed
by the World Bank. That is, pressure from the Bank towards fiscal self-sufficiency
of individual projects probably had some effect.

conomists favour fiscal independence for different reasons than does the
banker. It contributes to better investment decisions in the future. If users
know that they will be paying for a project then they will participate more
actively in the decisions regarding that project. Also, if decision makers
know that they will be paying for a project then they also will participate more
actively in decisions. Also, if decision makers know that users will have to pay
for a project then they will study more seriously the actual benefits to the
users in order to predict actual usage. More important perhaps is the concern
that charges for water be based on the "marginal cost pricing" principle, which
requires knowledge of the quantities (volumes or shares) of water actually used.

2. Israel: Moving towards an efficient allocation of water

Water management in Israel provides an example of a situation in which water
has high value and useful lessons have been learnt on how to use it efficiently.
Most of the material below has been condensed from a paper prepared initially
for the meeting of the Ad hoc Group of Experts on the Achievement of Efficiency
in the Use and Reuse of Water, held in Israel in 1974, and updated later as a
thematic paper for the United Nations Water Conference (Arlosoroff, 1977).

(a) Water pricing

Internal political pressures and a great deal of trial and error have
led to the tariff structure described in table 7. Most water is sold under the
uniform tariff structure for municipalities given in section A.l1 of the table.
Increasing block rates are used in which the households have three rates, sharply
increasing from $2.46 per m3 under 8 m3 per month to $6.16 per m3 for any amount
above 16 m3. Agriculture, industry, hotels and services have two prices: low
prices for water within the official allocations and higher prices for any water
purchased in excess of these quotas. Hospitals, educational institutions and
security installations have about the same penalty (marginal) charge as households,
$6.16 per m3.

The rates for exceeding quotas are less for agriculture, public gardens,
industry and hotels than for the others listed. Commercial establishments such
as laundries and restaurants have flat rates for all the water they use.

There are plans to use more treated waste water from the cities for crop
production in the future. There may be a need to establish special incentives
to encourage full use of this water by farmers and induce efficiency in the process.
Large users could make contracts with cities to manage waste treatment plants
and make specific contracts to handle industrial wastes, including provisions
for limiting the discharge of toxic substances.
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Table 7. Water rates in Israel, effective 1 October 1977

A. Vater tariffs for municipalities with own source of supply a/

Block rates Block rates within Block rates in excess Flat rates applied

official allocations of allocations to commercial firms

Types of use without allocations
{dollars per m3) b/

Household use
per dwelling, per month c/

Under 8 m 3 ' 2.L6
8 ~-16 m 3 3.89
Above 16 m 3 6.16

Agriculture, industry,
services and public

institutions
Agriculture 0.85 1.80
Public gardens 1.33 2.28
Industry 2.32 3.27
Hotels 2.46 3.32
Educational institutions 3.1k 6.18
Hospitals 3.15 6.18
Security installations 3.16 6.19

Laundries

Fish mongers
Swimming pools
Restaurants
Construction
Shops and offices
Other
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Table 7 (continued)

B. Water tariffs for users supplied by others d/

Tax on Ceiling price Minimum price of
low-cost water = cost plus tax subsidized water
Types of use 3
{dollars per m”)
Agricultural 0.9 0.57 0.95
Industrial 0.28 1.04 1.37
Other 0.43 0.85 0.95

a/ Rates are uniform throughout the entire country for those municipal authorities that have their own
sources of supply, except in the desert town of Eliat. When a municipality purchases water, the charges are
as follows: for agricultural uses, the cost of purchase plus $0.28 per m 3; for industrial uses, the cost of
purchase plus $0.57 per m 3.

b/ Exchange rate: 3$US1.00 = 1.05 Israeli pound.

¢/ Any family of more than four persons occupying & single dwelling unit is entitled to an additional
3m3 per month at the base rate per additional person.

d/ Buyers are taxed is suppliers have low costs and are subsidized if they have high costs.



This tariff structure contributes to the twin goals of redistributing
income and promoting efficient use. The most favoured sector is clearly
agriculture. The highest rate for agriculture ($0.85) is less than the starting
rate for all other users except public gardens. Swimming pools, fish mongers,
laundries and industry also receive preferential rates. Greater efficiency in
water use could still be encouraged by adopting a uniform penalty rate based
on opportunity cost or price rationing to achieve full use of the available
water.

(b) Use of water in agriculture

Water allocation for agricultural purposes is based on a system of
annual licenses. These are norms and maximum quantities of consumption related
to the various agricultural crops. The allocated water quantity is the sum of
the appropriate norms times the cultivated areas. The norms are calculated on
the basis of economic and efficient use. If the farmer is wasteful he will find
himself unable to sustain his whole farm on the annual quantity of water
available to him. Thus, the allocation provides the main incentive for efficiency.
Over-consumption is also discouraged by payment of a penalty rate.

In addition, the Minister of Agriculture, by power of his legal authority,
has issued regulations restricting the use of water in fish ponds, poultry
houses and orchards (the largest consumer of water in Israel). The purpose of
the regulations concerning water use in orchards, for example, is to encourage
and promote efficient methods of water utilization, both in the engineering and
economic contexts. A study of water consumption in orchards indicates that the
use of various devices has resulted in saving considerable quantities of water.
In order to provide the incentive for this form of water saving, the regulations
stipulate that water saving achieved through the use of the said methods and
devices shall not reduce the right of the consumer to receive the full quantity
of water originally allocated to him including use on another site.

The activities of the Water Commission in this programme consist of developing
efficient irrigation methods and systems, fostering their introduction by the
farmers, granting loans at attractive interest rates, reducing market prices of
water saving appliances, and of education projects. The co-operation of the
farmer can be best secured by bringing about an increase in his income. However,
the farmer must be given guidance and information as well as financial incentives.
He must be induced to improve his systems of irrigation and thus save money and
labour in addition to water.

Of the 200,000 hectares of land under irrigation in Israel, 90 per cent is
irrigated by sprinkler and drip methods. This is the result of deliberate steps
taken by the authorities to finance and otherwise encourage the replacement of
gravity irrigation by closed-pipe systems over the past two decades. The national
water system is capable of supplying water at suitable pressure for sprinkler and
drip irrigation without the need for boosting. It is an integrated national
system, with farms working to an "on-demand" schedule within a preset over-azll
water quota. The following considerations influenced the selection of this system:
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(a) Sprinkler and drip irrigation systems make it possible to control
the rate, amount and timing of water application and improve the over-all
uniformity;

(b) The sprinkler and drip systems can be better adapted to the topography

of the land and the shape of individual plots, while the irrigation rate can be
easily adapted to soil type, climate and crop age at each plot;

(¢c) Sprinkler and drip systems are easy to operate; this is particularly
important when land is being developed and farmers have little experience.

Drip irrigation is widely used for cultivating vegetables and vineyards
and has recently been applied in cotton fields. Being stationary, drip irrigation
systems lend themselves to the use of automatic water-control devices and a high
degree of irrigation efficiency can be achieved.

The inevitable result of labour and/or water shortages, increasing costs,
rising food prices and decreasing water quality, is an increasing need for and
development of automated irrigation systems.

It is quite simple to set the automatic metering valve to deliver any
prescribed volume of water, so there is no fear of excess discharge due to
pressure fluctuations or forgetfulness. This device increases irrigation
efficiency; and though it does not eliminate manual labour, it does reduce it.

Agriculture can enjoy the benefits of outside initiative in the development
of electronic data-processing and control equipment, but most of the sensing
devices are specific to agriculture and, apart from any problems regarding the
profitability of automation in relation to labour costs and the value of
additional production, they must activate and stop irrigation according to
sound principles. Fully automated sprinkler and drip irrigation systems are in
operation. Water applications are done by computerized scheduling based on
considerations of water availability, climatic conditions, soil properties and
marketing factors. Among the main problems in this regard are the great efforts
needed to develop the data requirements for sound computerized scheduling and
the desire to update computer programmes based on experience.

3. Mexico: evidence relating irrigation efficiency to the method of charging

One of the few studies that documents the relation between the method of
charging for water and irrigation application efficiency was made by Schramm
and Gonzales (1967) in Mexico. The study demonstrates that charges based on
volume or the number of irrigations makes farmers more careful in their use of
water (thus contributing to application efficiency), whereas flat rate charges
per hectare or per season give no incentive to conserve water.

Table 8 shows the great variety of rate schedules in use in Mexico, a
situation typical of many countries. The schedules are of three general types:
charges related to volume of water use, fixed charges not related to volume of
use, and a third type that includes elements of both types.
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Flat rate:
primarily
based on
area

II. Fixed chirges not rélated to volume Gf water usé

J

K

Table 8. Structure of irrigation water charges in Mexico, 19T1/T2 a/
Type I. Charges related to volume of water use
Basis of charge Charge Description of structure Area
group (hectares)
Flat rate: A Constant charge per 1 000 m3, P 478 481
primarily . '
volumetric P, + fixed charges per ha 4oo 368
c Pv for well water (depending on
type of ownership - government or
private) 35 890
D Pv based on pumping time 10 733
Total: group A - D 925 472
Graduated rate: E Constant charge per ha per
based on number irrigation, P; (same for all
of irrigations, erops) 92 062
area irrigated
and crop type F Pi’ with higher charge for
first irrigation 164 33k
G Pi differentiated by crop 132 128
Total: group E - G 388 524
Mixed rate: H Fixed charge per ha for a number
volume, area, or irrigations + Pv for
number of additional use 5 457
irrigations
and crop type I As in group H but differentiated
by crop 8 387
Total: group H and T 13 84}y
Total: type I 1 327 840
Type I as percentage of grand total 55

Fixéd charge per ha, P TOLk 161
Pa difféerentiatéd by crop 1k 501
P, differentiatéd by crop and by

farm size 9 k13

As in group L additionally differentiated
by inside and éutside distriét users 108 314
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Table 8 (continued)

Flat rate:
seasonal

Graduated rate
by size of well

Pa differentiated by kind of tenancy

Pa differentiated for canal and well
water

Pa differentiated by mode of payment -
individual or co-operative

Total group J - P

Fixed charge per ha per cycle, Pac

Pac differentiated by crop

Pac differentiated by crop and by
season

Total group Q - S

Charge graduated by size of well
and tenancy

Total: group T

T 717

3 500

8 216

12 659

16 028

26 646

188 475

855 822

53 333

188 475

Fixed rate:
primarily
based on
area

Total: type II
Type 1I as percentage of grand total

Type III. Combination of types I and II

(A variable within control of us
user determines type I (49,021 ha)
or type II (31,401 ha)

1,
L5

097 630

Pac if pumped from river, otherwise

as in group C

Total: group U

L97

ko7

Crop rate

Charge structure as in D or K
depending on crop

Charge structure as in E or K
depending on crop

Charge structure as in W differentiated
by canal or government well

Total: group V - X

21 253
43 506

15 166

79 925

Total: type III

80 k22

a/ Double-cropped areas counted twice.
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Under type I, which accounts for 55 per cent of the irrigated land in
Mexico, the rate structure depends on (a) a flat rate, primarily based on
volume; (b) a graduated rate, based on number of irrigations, area irrigated
and crop type; and (c) a mixed rate, based on volume, area, number of irrigations
and/or crop types.

Type II covers the balance of the area under irrigation and includes the
following variations in its price structure: (a) a flat rate, primarily based
on area; (b) a flat rate, based on seasons or crop cycles; and (c) a graduated
rate, depending on the size of well and tenancy.

Type III is based on certain combinations of the elements in types I and
IT and mainly includes fixed charges primarily based on area and crop rates
related to various modes of water delivery to the farm.

The study attempted to relate irrigation application efficiencies for 1k
irrigation districts to the structure of irrigation water charges (see table 8).
The application efficiencies were obtained from an independent study, from
computations based on definitions similar to those presented in section 2 above.
The 1b districts were grouped according to tariff structures into those with
fixed and those with variable charges. In 1971-1972, water application
efficiencies in seven districts with fixed water charges ranged from 12 to 82
per cent, with an unweighted average of 51 per cent. The seven districts that
charged by the quantity of water used had farm application efficiencies ranging
from 45 to 98 per cent, with a simple average of T2 per cent. These may be
compared with the values presented in table 1.

These differences suggest that tariff structures and their levels, when
related to the volume of water use, have a significant effect on behaviour of
farmers and could, therefore, serve as a policy instrument to effect higher
irrigation efficiencies. If districts with fixed water charges applied variable
rate structures, and if, as a result, irrigation efficiencies in these districts
rose to the level of those observed in districts with variable charges, then the
resulting water savings would be sufficient to irrigate an additional 523,000
hectares on the basis of the 1971-1972 data.

However, specific conclusions from the above study must be interpreted with
some caution. Factors other than differences in tariff structures could explain
the differences in efficiencies, such as the existence of effective water rationing
systems in water-short districts. Furthermore, water savings or higher water-use
efficiencies are of interest only if the water saved has value in alternative
uses and excessive irrigation does not pose problems of drainage. This might
not apply in districts with high rainfall or ample stream flow. Clearly, the
introduction of variable water charges is not costless, since it generally
requires the operation, maintenance and administration of measuring devices.

Only if the net productive value of the water saved exceeds the additional
investment and administrative costs is it worthwhile to introduce more complex
tarif'f systems.
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Table 9.

Differences in the application efficiencies of districts
with fixed and graduated water charges, 1971/72

District

Application efficiency

Average of maximum and minimum
annual efficiencies

Rio Blanco, V.P.
Zamora
Tepalcatepec
Tehuantepec

Cd Delicias
Valle del Fuerte

Edo. de Morelos

Simple average

Tula

Santo Domingo
Rio Colorado
A.R. Lerma
Rio Mayo

Rio Yaqui

C. de Chapala

Simple average

Districts with fixed charges

per hectare per

time period a/

{percentage)
12 18
28 28
38 68
56 66
59 59
80 68
82 66
51 53

Districts with charges that vary

with quantity of water used b/

(percentage)

L5
55
65
66
8l
89
98

T2

60
54
68
64
84
92
T3

71

Source:
a/
b/

Mexico, Water Resources Secretariat, 1973.
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Problems of reliability and accuracy in the estimation of water use and
diversion requirements also affect these conclusions, since by definition the
accuracy of physical efficiencies depends on the accuracy of such estimates.

In this particular case, evapotranspiration was estimated by the Blanney-Criddle
(1962) method. Because the parameters were calibrated for arid conditions in
the western United States, the results may diverge from actual values if the
local conditions differ, particularly under humid and tropical climates. There
are & number of other methods for estimating evapotranspiration from which a
selection can be made (see, for example, Jensen, 1973).

Nevertheless, the findings of this investigation are encouraging and
suggest that the use of variable, quantity-related water charges may represent
a useful instrument for reducing waste and increasing the effective water supply.
Improvements in physical and economic efficiencies in the allocation and use
of water have significant potential for saving water, which can be used for
additional intensive and extensive irrigation and possibly for transfer to
domestic, municipal and industrial uses.

., India: diverse rate structures and low charges

(a) Significance of irrigation in India

In India rainfall varies greatly from place to place and the distribution
pattern is such that T0-90 per cent of the recorded rainfall falls during the
monsoon period of three or four months. The total gross area irrigated in India
amounts to some 33 million hectares, which is nearly 20 per cent of the world's
total irrigated area. The net area under irrigation is likely to increase from
about 23 per cent of India's total cultivated area to a maximum of LS5 per cent
by the end of this century, but the gross irrigated area will increase more
spectacularly and raise the intensity of cropping from 130 to 180 per cent
(Kanwar, 1973).

Irrigation is used mainly on land used in the production of food grain,
which accounts for about 60 per cent or over 26 million hectares of the total
irrigated area in the country (see table 10). The predominant crop is rice,
followed by wheat and barley. Rice cultivation is a rather water-intensive
process involving a large amount of waste.

(b) Integration management

Irrigation has helped increase production and productivity. However,
irrigation creates the greatest impact when it is properly combined with other
input factors and on-farm water management practices (see table 11).

There are three relevant points to note in table 11. First, consistent
with the definition given earlier, water-use efficiency (WUE) is obtained by
dividing grain yield in kg/ha (rice in this case) by the amount of seasonal
water used in ha-mm/ha. The resultant values of WUE are in kg per mm per ha.
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Table 10. Use of irrigation in India, 1967/68

Gross
irrigated Percentage of Percentage of
Crop area area under total irrigated
(thousands of crop area in the
hectares) country

Rice 13 861 38.5 41.8
Wheat 6 us7 43.5 19.5
Barley 1 509 b5.2 4.5
Majize 669 11.9 2.0
Jowvar 707 3.9 2.1
Bajra 382 3.0 1.2
Ragi 390 16.1 1.2
Other cereals
and small millets 119 2.3 0.4
Gram 1 249 15.6 3.8
Other pulses 761 5.0
Subtotal

(foodgrains) 26 10k 21.6 78.8
Sugar-cane 1 530 76.3 4.6
Other food crops 1 792 25.2 5.4
Oil-seeds

{including groundnut) 753 5.0 2.3

Cotton 1 285 16.7 3.9
Drugs and narcotics T4 15.7 0.2
Fodder crops 1275 16.8 3.8
Other non-food crops 319 55.0 1.0
Subtotal

non-foodgrain

crops) 7 028 31.4 a1.2
Total 33 132 23.7 100.0

Source: India, Ministry of Agriculture, Directorate of Economics and
Statistics, 1968.
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Table 11. Effect of water management practices on rice production
at Central Road Research Institute, Cuttback, India

Water use index

Mode of water Grain Water Water use (as percentage of
application yield used efficiency water requirement under
(kg/ha) (ha-mm/ha) (kg/ha-mm) continuous submergence)

1. Continuous submergence T 550 2, 566 2.9 100.0
(100%)

2. Weekly irrigation T 966 1,296 6.1 50.5
8 cm. depth (105%)

3. Alternate wetting and T 780 1,619 4.8 63.1

drying; 5.8 cm. water  (103%)
applied at flowering

4. Alternate wetting and T 730 1,287 6.6 50.2
drying alone (102%)

5. Irrigation when soil 7 695 900 8.6 35.1
just started cracking (101%)

6. Irrigation when soil 7 120 L23 16.8 16.5

is completely cracked (942)

Source: J.S. Kanwar, 19T73.
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Water use efficiency (WUE) as used in agronomy measures the ratio of the
yield of a crop produced with a given amount of water consumptively used
(evapotranspired). Provided that water use is measured consistently, WUE is
equivalent to an average crop yield (average product) as used in economies for
seasonal water use, which is total yield divided by total water use.

The second point to note is that the method of delivery or irrigation
water and the frequency of irrigation has great effects on yield and on
water-use efficiency. The water-use efficiencies increased from 2.9 kg/ha-mm
under continuous submergence to 16.8 kg/ha-mm when the irrigation water was
applied to soil that was completely cracked. The latter involved 423 mm of
vater use, compared to 2,566 mm under continuous submergence. The relative
consumptions are shown in the last column of table 11. The yields are nearly the
same in all cases, but the amount of water use can be reduced significantly, to
as low as one sixth of that under continuous submergence. The experimental
results show that if the crop is irrigated only when the soil is completely
cracked, a yield is obtained that is equivalent to 94 per cent of the water
otherwise required under continuous submergence. This amounts to nearly a 600
per cent increase in water-use efficiency in terms of physical savings of water.
In fact, all the experiments under the Water Management Project have shown that
continuous submergence is essential only at critical stages of growth such as at
transplanting and at the reproductive stage.

The third point is that from this data it is not possible to make valid
inferences and comparisons regarding the engineering efficiencies and the
economic efficiency. Engineering irrigation efficiencies are dimensionless ratios.
Economic efficiency, on the other hand, implies comparison of marginal value with
marginal cost. In general, a high economic efficiency would imply a high irrigation
efficiency. Only under certain conditions can the same be said with regard to
agronomic efficiency as defined here.

(c) Irrigation water charges

India has a long history of water charges and associated land taxes on
beneficiaries of government-constructed irrigation project. The major objective
of these charges has been generation of revenue by the Government. The responsibility
for water resource construction and the authority to set and levy water charges
reside in the state Government; as a result, rate structures and amounts vary from
state to state. In general, charges are levied against individual farmers and/or
landowners in amounts established on the advice of their respective state irrigation
ministries; water charges are generally collected along with land taxes.

There are a diversity of systems of charging for irrigation water. The list
below gives some specific examples of structures still in use in India:

(a) Crop area based - with different rates for different crops
recovered from irrigators;

(b) Seasonal rates - charges levied in the form of rate per irrigated
area depending on the type of crop, the season of the year and the method
of application;
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(c) Agreement rate - similar to occupier rate except that a contract
is agreed for supply of water for one year or several years; the rate is
paid even if water is not actually used;

(d) Block rate - consultant water rate per acre established for an
entire cropped area;

(e) Consolidated rate - the water charge is combined with land revenue
to form a consolidated rate; this system is suitable only where a single
category of crop is grown;

(f) Volumetric rate - generally in vogue in areas with 1lift irrigation
and tubewells; the charge is levied on the basis of measured quantity of
water; the quantity is based on an estimate of the crop water requirements;

(g) Occasional rates - charges levied for use of water in an
unauthorized manner, or for wastage of water; these charges are recovered
as water rates in addition to any penalty incurred on account of such use
or wastage;

(h) Percolation rate - in certain parts of India water charges are made
on cultivated land within 200 yards of canals that receive by percolation or
leakage from such canals an advantage equivalent to that which would be
received by a direct supply of canal water for irrigation; such a water rate
is even levied for use of percolation water for non-irrigation purposes;

(i) Irrigation cess ~ levied in respect of land under irrigable command
in some cases to cover maintenance costs in addition to water rates or other
charges leviable under the provisions of the irrigation acts;

(3) Concessional rates - incentive for rain-fed cultivation to adopt
a changing pattern of water supply and to meet expenses on land levelling
and the like; free water is allowed the first year after the distributary is
open; in the second and third year, the water rate is only one third and two
thirds respectively, of normal rate; a full rate is charged from the fourth
year onwards.

The most common practice is that based on a combination of the rate structures
in the individual states. Often these comprise (a) an occupier's rate, which
varies by season and crop and is levied per unit area actually served; (b) a flat
charge or irrigation cess per unit area covering all areas serviced by the project,
whether or not actually severed during a given season or year; and (c) a betterment
levy, applied per unit area served by the project. The first two charges are
generally ear-marked to recover operation and maintenance costs. The betterment
levy is a one-time payment or a limited number of relatively heavy payments
grouped at the beginning of the project life; it is ear-marked for the recovery
of a portion of project capital cost.

The pricing of irrigation water has been examined during the past two decades
by a number of national and state committees, and the conferences of state
Ministers for Irrigation and Power. The National Council of Applied Economic
Research suggested that an irrigation rate equal to 20 - 50 per cent of net
additional benefit derived from irrigation may be charged. The Maharashtra
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Irrigation Commission in 1962 recommended that water rate may be fixed between
6 and 12 per cent of the gross income from various crops. In addition, it
recommended a betterment levy of 14 per cent and a depreciation charge of 6 per
cent. The Committee of State Irrigation Ministers set up by the central
Government in 1964 recommended that wherever the requisite data are available
the irrigation rate should be fixed at 25 to 40 per cent of the additional net
benefit accruing to the irrigation value of the crop. Where data for estimating
additional net benefit are not available, initial rates equal to 5 to 12 per
cent of the gross income to the farmer from irrigated crops should be charged.
The Irrigation Commission adopted the following guidelines for fixing water
rates:

(a) Water rates should be levied on a "crop basis'" except in the case of
irrigation from tubewells;

(b) The rate should be related to the gross income from the crop and not
to the cost of the project; it should range between 5 and 12 per cent of gross
income, the upper limit being applicable to cash crops;

(c) The rates should be within the paying capacity of irrigators and
should aim at ensuring efficient utilization of available supplies;

(d) Between regions with a similar class of supply, there should be the
minimum disparity, if any, in the rates charged;

(e) For fixing rates, irrigation should be divided into A, B and C
categories on the basis of the quantity and timeliness of supply;

(f) The general level of rates in a state should be such that, taken as
a whole, the irrigation schemes do not impose any burden on the general revenues.

Interdepartmental water rate review boards are being set up in the states
with a view not only to revising the water-rate structure but also to modernizing
suitably and broadening the data base so that the state government can evolve a
rational rate structure and suitably review the rates, as necessary. Where
average holdings are small, it is impractical to supply water by measurement to
individual farmers who are irrigating a variety of crops on one outlet. Such a
system is feasible in a few situations where sizable areas are given over to a
single crop, as in sugar-cane blocks in the State of Maharashtra or rice areas
vhere the water is sold to a co-operative of irrigators.

However, volumetric charges have not worked satisfactorily in actual practice.
The Maharashtra Commission's report referred to substantial economy in the use of
wvater in sugar-cane blocks that would be possible if charges were made on a
volumetric basis. On the recommendation of the Commission, the state government
agreed to supply water by measurement to co-operatives where at least T per cent
of the irrigators agreed to become members. Three co-operative sugar factories
on the Pravara Canals undertook to take water by measurement and distribute it
to their member-irrigators on crop-area basis, but within a year they found the
system unworkable for want of co-operation from the irrigators. The Government
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of Gujarat also accepted the principle of volumetric supply to co-operatives
of irrigators but has not found the system practicable. The Irrigation
Commission has recommended that efforts should be made to introduce the system
in a few selected areas on a pilot basis and if the experiment is successful it
should be extended to other areas.

Though associated with difficulties in actual field application in the case
of irrigation from canals, volumetric measurement of water supplies for irrigation
from state tubewells has been tried and works well in the States of Gujarat,
Madhya Pradesh and Uttar Pradesh. 1In the States of Haryana and Punjab, the supply
of tubewell water is assessed on the basis of electric power consumed in operating
the tubewell for each irrigator, the argument being that electric meter reading
is more dependable and less costly than assessment on a volumetric basis. This
may be true if the vertical lifts (total dynamic heads) are similar over time
and among farms, implying relatively flat topography. In other situations
volumetric measurement of water in an irrigation system would involve a large
investment for installing meters and supervisory staff, which are beyond the
country's present resources. When benefits are important in setting rates, it
is advisable to price water at full cost, subject to the constraint that the
charge should not exceed some appropriate fraction of benefits. If benefits do
not exceed costs, a lower price may be justified on the grounds of equity and
income redistribution.

5. Peru: estimating the value of irrigation water and some alternative
pricing schemes

This section provides a way of thinking about the value of water in terms
of relative scarcities and illustrates, with examples, two common methods of
estimating values: the residual method and linear programming. The basic
framework is presented in annex II. Also, the Peruvian Water Law and pricing
practices are explained briefly. Some alternative pricing schemes are defined.
One of them, dual fees, makes use of estimated values of water.

(a} The residual method: an application

Budgeted net income per hectare in three distinctly different valleys
provides the basis for estimating the residual value of water or land given in
table 12 (sece annex II for a description of the methodology). The letter (R)
after the estimate indicates the factor that is assigned the residual income,
while (MC) indicates that marginal cost is being used as a proxy for the value of
that resources. One valley in Peru where water is in extremely short supply and
good flat land is abundant is Tacna, with an annual rainfall of 12.9 em. It
was estimated that the net income was $192 per hectare per year in 197k dollars
(based on an exchange rate of 50 soles = $US1.00). All of these numbers are
based on crop budgets with yields and costs corresponding to average performance
vith modern techrology. It is assumed that many hectares in Tacna could be
levelled and provided with roads and irrigation canals at about the same cost,
$%0 per hectare per year. 3ubttracting this from the net income of the combined
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Table 12. Summary of net incomes and resource values estimated
by the residual method and by linear programming

Water Marginal value of resources
Annual Net income used '
Valley rainfall (dollars per per ha Water Land
(centimeters) hectare per year) (ha-cm) (dollars per (dollars per
hectare per hectare per
year) year)
Residual
method:
Tacna 12.9 192 80 1.90 (r)%/ o (M)
Chancay-~
Lambayeque 57.8 3608/ 80 k.00 ()2 xo (M)
Caflete 431.1 500 180 0.0 (MC)B/ 428 (R) &/
Linear
programming:
Cafiete 5003/ 177 0.388/ w55/

a/ R = from the residual method.
b/ MC = from marginal costs.

g/ Pertaining to the dry part of the valley and one crop of beans per year,
Remarkably similar estimates for resource values would be obtained from assuming
sugar-cane and 250 ha-cm per year.

d/ Average values including rent to potatoes and cost of developing the land.

e/ Weighted average of the marginal values of water in the field from table 5,
which includes the cost of developing the new water.
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resources leaves $152 per hectare per year as the residual net income to the
corresponding 80 ha-cm of water used. Dividing by 8 ha-cm per hectare per year
gives the estimated value of water of $1.9 per ha-cm (or about $23 per acre-foot).
Another water-short valley, Chancay-Lambayeque, is on the northern coast of

Peru with a climate ideal for sugar-cane, rice and other crops. The residual

net income of water is estimated to be $4.00 per ha-cm (or about $49 per acre-
foot).

Cafiete, on the other hand, has a relatively abundant supply of water and a
shortage of irrigable land (data from a linear programming study of this valley
are presented in table 13). The net income is estimated at $500 per hectare per
year. Assuming a marginal cost of water of $0.4 per ha-cm and an annual usage
of 180 ha-cm, the net income must be reduced by $72 per hectare to obtain an
estimate of the annual value of land alone of $L428 per hectare per year. It
may be noted that the linear programming and the residual method yield comparable
results for water and land in Cafiete.

(b) Linear programming estimates of water resource values

Method of analysis. A mathematical technique called linear programming
was used to determine resource values. Linear programming can be used to
determine the optimum allocation of resources (such as capital, raw materials,
manpower or facilities) to obtain a particular objective. For example, maximum
profit or minimum cost may be the objective when there are alternative uses for
the resources. Linear programming is a budgeting tool capable of handling large
amounts of data. The results of this technique can provide information on the
value of additional resources which are limited in quantity and the effects of
given price changes in inputs and products on the profit or loss of a business.

The residual method offers a simple way of separating the value of water
from the combined value of land and water. A modification of the residual
method illustrated here uses the ratio of water to land to help decide which of
these resources would have the more elastic supply. A marginal supply price is
then budgeted for that input and the residual income is attributed to the other
"fixed" resource. 4/

The intention here is to explain estimates of monthly values of water and
land by simultaneously considering demands and supplies of each resource. ITf
the supply of a resource can be expanded at a constant cost then its long-term
value can't exceed that marginal cost. If supplies are strictly limited by
time or other constraints, then resource values will equal opportunity costs or
marginal value products in best uses (demands)as shown in figure XIII. Details
of the linear programming model and assumptions are described by Seagraves and
Ochoa (1978). The model is used first to analyse land and water values in Cafiete

L/ Prices used were those expected to prevail in Peru in 19Tk and were
based on past prices inflated forward. Results were later converted to 197k
dollars, using an exchange rate of 50 soles to the dollar.
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Table 13. Resource values, optimum crop plans and net incomes
in Cafiete, with various levels of water and no
nev investments in land or water

Levels of water that are exceeded the
following percentage of the time: a/

Item 90 T0 50
(percentage)
Quantity of water used (millions of b/
cubic meters per year) 242 252 241
Monthly values of water
(dollars per 1 000 m3)
August 0.76 0.76 0.76
September 0.76 0.76 0.76
October 10.82 0.76 0.76
November 38.02 k.72 1.86
December 11.58 5.16 0.76
January 0.76 24,08 2.62
February 29.08 0.76 0.76
Value of water, August-February
(dollars per 1 000 m3) ¢/ 13.10 5.28 1.18
Marginal value of land
(dollars per ha per yr) 215.58 307.54 380.82
Crops grown (hectares)
Corn 3 695 L 976 L 000
Potatoes L 000 L o000 4 000
Cotton 11 104 10 916 11 2h1
Number of hectares planted per year d/ 18 799 19 892 19 2Lk1
Net income of valley (millions of
dollars per year ) e/ 7.66 7.80 7.82

Source: James A. Seagraves and Reman Ochoa, 1978.

a/ The corresponding lists of monthly water supplies are given.

b/ Less water actually is used in this solution, which has the most