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Cyprus, with an average annual rain-
fall of 19.4 inches (493 mm), is consi-
dered to be a semi-arid region. Water
is, therefore, a most critical factor in
the agricultural development of the is-
land. It is estimated that irrigated hor-
ticulture produces 8.1 times more value
of product per unit of land area than
dry farming and animal husbandry to-
gether (under present conditions).
Thus, it is pot surprising that the Re-
public of Cyprus, committed to econo-
mic and social development, has been
involved, since its creation in August
1959, in the intensive development of
the water resources of the island. As a
result, a number of dams for both irri-
gation and the replenishment of depleted
aquifers have been built and are now
in operation.

One of the most crucial problems now
facing the Government is the determi-
nation of the price at which farmers can
buy water from the dams. An impro-
perly determined price will lead to the
wasteful use of scarce resources and will
impair the success of water development
projects. Proper pricing criteria are,
therefore, imperative.

In order to determine proper criteria,
two approaches have been used. First,
relevant economic literature was review-
ed. Second, a survey of Cypriot far-
mers from three different irrigation pro-
ject areas was carried out in 1970.
These areas, chosen after consultation
with the Planning Burean and the Water
Development Department in Cyprus, re-
presented mountainous, hilly and plains
regions. The results of this research are
summarized here.

PRICING ALTERNATIVES

1. Determination of a Single Price

The three alternative pricing policies
open to the Government are: (a) profit
maximization, (b) average cost pricing,
and (c¢) marginal cost pricing.

Profit maximization is followed by the
private sector and also by some public
sector enterprises. For example, this
pricing policy is followed by the govern-
ment steel mills in India (4).

4) ENgE (S.). — Economics for Develop-
ment, p. 285, Prentice Hall, Inc., Neff Jer-
sey, U.S.A., 1963,
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Average cost pricing is based on the
principle that the charge should be the
lowest possible price which generate
enough revenue to meet all variable and
fixed costs. The objection to this
pricing policy is that fixed costs are
included in the calculation. Their in-
clusion prevents optimum welfare con-
ditions which call for additional costs in-
volved in providing for that consump-
tion.

This objection is removed by marginal
cost. It is greatly favoured by develop-
ment oriented economists but has little
appeal to the economically conservative.

2. Benefit Pricing

This method pricing is based upon
the benefits received, as these are valued
by the recipients. Benefit pricing opens
the way to price discrimination. If a
seller can divide his market into two or
more markets and keep them separate,
he may charge a different price in each
of the markets and maximize his profits.

But price discrimination is also pos-
sible even if there is only one market
which cannot be divided into separate
submarkets. This is usually referred to
as second-degree discrimination and
depends on the principle of diminishing
marginal utility. If the policy is to
increase demand, after a certain quantity
has been bought, the price is lowered
so that it is lower than marginal utility.
This should induce additional demand.
Public utilities, such as electricity author-
ities, pursue this policy.

3. Penalty Discrimination

In the case of irrigation water
in Cyprus the problem is not to induce
the farmers to buy more, but rather,
to keep farmers from wasting the water,
a scarce resource. This can be done
by what has been defined as “penalty
discrimination.” It consists of charg-
ing one price per unit for the use of
small amounts of water and raising the
price per unit for the use of larger
amounts of water. This encourages
efficient use of water and discourages
waste.
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FiG. 2. — Aerial view of Kalopanayiotis Dam (Number 31 in Figure I).

DEMAND FOR
IRRIGATION WATER

The demand for irrigation water was
studied in the three project areas which
have been surveyed. These areas are:

Zakaki (29, figure 1), representing a
plains region,

Kalopanayiotis (31, figure 1 and fi-
gure 2), representing a mountainous re-
gion, and

Paphos (23, 30 and 33, figure 1),
representing a hilly region.

The factors influencing the demand
for water were analysed (figure 3). Two
graphs have been drawn for Zakaki.
Zakaki (perennial) refers to high profit
cultivations of citrus, and comparison is
made with the high profit cultivations of
apples and pears of Kalopanayiotis.
Zakaki (seasonal) refers to vegetable
cultivations which are of lower profitabi-
lity, and comparison is made with the
vegetable cultivations of Paphos.

The main factors influencing the de-
mand for water are as follows :

1. Kind of crops grown and the
growing season.
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2. Profitable use of the land.

3. Arda of land irrigable from the
project.

4, Alternative uses of the land.

5. Alternative source of water.

6. Minimum income.

1. Kind of Crops Grown and the
Growing Season

Irrigated crops can be divided into
two categories, that is, perennial (citrus,
apples) and seasonal (vegetables). Veget-
ables cannot be grown on the same
land every year. Therefore, some kind
of rotation is necessary. Since different
crops need different amounts of water,
enterprise selection and the growing pe-
riod have an effect on the demand for
water.

2. Profitable Use of the Land
Any decision of the farmer to in-

crease, decrease or discontinue produc-
tion of irrigated crops is made on the
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basis of expected total costs of produc-
tion and total revenue. As the price
of water increases, the less profitable
crops are progressively abandoned.
The vegetable growers of Zakaki would
not buy water at 15 mils/m3 (Zakaki,
seasonal, figure 3). Also, for an in-
crease of 30 % in the price of water
(i.e., from 10 to 13 mils/m3), they would
decrease irrigated acreage by 77 %.
But, in the case of citrus cultivation
which is more profitable, citrus growers
would still demand water at 25 mils/m?
{Zakaki, perennial, figure 3).

3. Area of Land Irrigable from the
Project

When the price of water changes from
15 to 20 mils/m3, the slope of the curve
for the Kalopanayiotis fruit growers is
nearly the same as the slope of the curve
for the Zakaki fruit growers (figure 3).
This. indicates that as price increases,
the irrigated land decreases at the same
rate in both cases. Therefore, the behav-
iour of high-profit crop growers is the
same for price increases.
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FIG. 3. — Responsiveness of land under irrigation to changes in the price of irvigation water. With respect to the individual farmer’s major crop,

this shows the percent of the irrigated land that is currently used for this crop that he would use ar different prices of water.

However, there is hardly any increase
in irrigated land in Zakaki for any de-
crease in price below 15 mils; whereas
the increase in Kalopanayiotis is very
slight below 15 mils down to 10 mils,
followed by a higher rate of increase
below 10 mils. This indicates that in
Zakaki, at 15 mils/m3, nearly all the
available land for growing citrus has
been developed ; whereas in Kalopanay-
iotis, maximum development is reached
at a price of 8 mils/m3 (figure 3). Al-
though basically the behaviour of farm-
ers is the same in both areas, they
stop expanding their irrigated crops at
different price levels as a result of the
differences in the relative scarcity of
land.

4. Alternative Uses of the Land

In the case of low-profit crops, it is
observed that for a price rise from 10
to 13 mils/m3, in both the Paphos and
the Zakaki samples the behaviour of
farmers is identical ; when the price ti-
ses to 15 mils, no land would be irri-
gated in Zakaki, whereas irrigated land
would be reduced by 87 % in Paphos.
Also, for prices below 10 mils/m3, the
rate of increase of irrigated land is
much higher in Paphos than in Zakaki
(figure 3).

A. most likely factor behind this behav-
iour is the fact that in Paphos there is

no alternative profitable use for the land
other than agriculture, whereas in Za-
kaki, the farmers have the alternative of
using their land for residential and build-
ing purposes.

5. Alternative Source of Water

An important factor influencing the
demand for project water is the avail-
ability of water from another source and
its price. In XKalopanayiotis the land
which has been developed as a result
of the project can only be .irrigated from
the project, and there is no problem.
But in Paphos many farmers pump wa-
ter from shallow wells at a cost lower
than the price of project water. In some
cases project water is used only as a
complementary source of water. In
Zakaki, although many farmers own
wells, the quality of the water is not
very good because of sea-water intrusion
into the aquifer.

6. Minimum Income

Farmers, like everyone else, aim at
securing at least a minimum income
which they regard as necessary for their
standard of living. The fact that older
farmers may live with their children and
may not have to provide for themselves,

Options méditerranéennes - 14 - Aoft 1972

99



and the fact that many farmers supple-
ment - their agricultural income from
other employment, ownership of pro-
perty and gifts from relatives influence
the demand for water.

CRITERIA FOR PRICING
IRRIGATION WATER

Economic theory and the results of
the survey of farmers in Cyprus suggest
that in developing princing policies, the
following criteria should be taken into
consideration :

. Incidence of the water charge.
. Social benefit.

. Demand for water.

. Solvency.

. Efficient use of resources.

. Capacity to pay.

. Productivity of the land.

NAWUM AW

1. Incidence of the Water Charge

Low water prices mean that only a
small proportion of the original invest-
ment expenditure may be recovered, and
the tax payers bear most of the cost.
High water prices mean that the pro-
portion of the cost borne by the tax
payers is reduced. But at whose ex-
pense ? The farmer’s or the consu-
mer’s ? If the consumer pays most of
the increase, in a country with a system
of progressive taxation, income distri-
bution problems arise.

2. Social Benefit

Adoption of the marginal cost pricing
method leads to the maximization of the
social benefit because it jsutifies an in-
crease in output as long as the value of
the additional output is not lower than
the value of the resources used to pro-
duce it. However, further clarification
is necessary lest two possible misunder-
standings arise.

First, marginal cost pricing does not
favor tuneconomic projects. Projects
are evaluated and selected by appro-
priate economic tests and other political
and ethical criteria. But suppose that
an uneconomic project has been com-
pleted. What marginal cost princing
means is that although an uneconomic
investment has taken place, the best po-
licy to follow is to extract the maximum
social benefit from it.

Second, marginal cost pricing should
not be considered as a limit beyond
which prices should not be allowed to
tise but only as a limit below which
prices should not be allowed to fall. In
most cases it should be possible to make
full use of the resources created by the
irrigation project at a price of water
much higher than the marginal cost.

3. Demand for Water

Knowledge of the demand for water
furnishes one of the most useful criteria.
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In Zakaki all the area intended for
perennial crops is fully developed at the
present price of water of 15 mils/m3,
while in Kalopanayiotis the whole area
is being developed at the current price
of 13 mils/m? {figure 3).

But the lowest limits set by the mar-
ginal cost pricing method are 5 mils/m3
in Zakaki and 7 mils/m3 in Xalopa-
nayiotis. Knowledge of the demand for
water can, therefore, show the extent to
which prices of water can rise above the
marginal cost without any adverse effects
on the social benefit. Where the price
elasticity of demand for water is greater
than one (figure 3), total revenues will
be increased by lowering the price of
water.

Another application of the demand for
water as a pricing criterion is the way
it can be used in “ benefit ¥ pricing and
“ penalty discrimination ” policies.

4. Solvency

This criterion is a measure of the
extent to which a project can pay for
itself. Not only economic but also poli-
tical, social and welfare implications of
income distribution are associated with
it. The final decision regarding these
problems rests with the political system,
but it is imperative to provide the poli-
tical system with information relating to
the consequences of alternative prices
for water.

It should be pointed out that water
prices developed on the basis of costs
of production do not increase the sol-
vency of a project. Benefit pricing en-
sures the maximum degree of solvency
attainable by a project without defeating
the policy objectives for which the pro-
ject was constructed.

5. Efficient Use of Resources

Where improvement in the combina-
tion of resources is possible, appropriate
irrigation policies can be used effecti-
vely. Pricing policies can be developed
which would aim at influencing the far-
mers ; first, to select the most profitable
enterprises and, second, fo avoid wasting
water. In the case of the latter, “ pe-
nalty ¥ discrimination may be appro-
priate.

In some cases, because of water rights,
it is not possible to charge a high enough
price for irrigation water. During some
months the water may even be comple-
tely free. In these cases the possibility
of imposing a land tax per unit area on
the land which was intended for deve-
lopment could be explored. A land tax
would recover some of the capital in-
vested and would induce the farmers to
choose more profitable crops. Also,
charging a price for water used for all
purposes and from all sources (including
bore holes and run-off water as well as
water from dam projects) is a possi-
bility.
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6. Cépacity to Pay

This criterion depends on the profita-
bility of crops per unit area. Given the
production possibilities of the land and
the supply and demand conditions appli-
cable to the region, clear policies of land
use and application of improved methods
can be formulated.

The profitability of crops should be
assessed not on the basis of the “ value
added ” by the land but on the basis of
the “value” the land is capable of
“adding ”. A pricing policy conscious-
ly oriented towards maximizing the ca-
pacity of the farmers to pay has more
chances to meeting the objectives of an
irrigation project than a pricing policy
which pays little attention to this prin-
ciple.

7. Productivity of the land.

An easy way of estimating the increase
in the net productivity of the land, as a
result of the change from dry farming
to irrigated agriculture, is to compare
market values of the land, per unit area,
before and after irrigation.

Suppose that before irrigation the far-
mer could make a net profit of 25 dol-
lats per unit area and that, after irri-
gation, he can make a net profit of
100 dollars (i.e., net profit increased
4 times). This is reflected in a four-
fold increase in the value of the land.
The process for determining price by
using this hypothetical fourfold increase
in productivity is as follows :

1. Since the farmer can increase, with
irrigation, his net profit per unit of
land four times, it is economically
justifiable for his total costs of pro-
duction, with irrigation, to increase
four times over that of production
without irrigation.

2. Since three-quarters of his net pro-
fit (75 dollars) is due to irrigation,
it is economically justifiable for the
costs of irrigation to be up to three-
quarters of the total costs.

3. Irrigation costs can be divided into
the costs of turning dry farmed
land into irrigated land plus the
cost of water.

4. Therefore, it is possible to estimate
the annual costs of changing the
land use. The difference between
these costs and total irrigation costs
represents the cost of water. This
will supply the basis on which the
price per unit of water can be cal-’
culated.

The price charged for irrigation water
should be based on these criteria as well
as national objectives towards which
other development programs are moving.

BROADER IMPLICATIONS

In addition to the criteria for sefting
price discussed above, the following re-



commendations should also be consi-
dered carefully :

1. Interest Rate Used in Project Eva-
luation : Eckstein’s (5) suggestion of
using an interest rate of 3 % coupled
with a benefit : cost ratio of at least
1.3:1, or an interest rate of 1.5 % cou-
pled with a benefit: cost ratio of 1.4:1
should be adopted. This suggestion
does not allow the selection of unecono-
mic projects.

2. Land Fragmentation : Irrigation
projects are very costly. It is therefore
recommended, in order to get the maxi-
mum benefit from the use of the land,
to use the land as efficiently as possible.
This means that the land irrigable by a
dam should not be held in many small
fragments but in only one or two large
holdings.

3. Distribution Systems: The water
distribution systems should be completed
so that the objectives for which the dams
were constructed can be realized.

4, Water Rights: Proper use of water
and land increases the capacity of the
farmers to pay and, therefore, water
charges can be raised. But water rights
may lead to disputes which impede the
proper use of these resources. There-
fore, it is suggested that no more dams
should be built in areas where these
rights have not been clearly defined and
no agreement has been reached.

5. Depleted Aquifers: It is suggested
that in addition to the measures already
taken to save deteriorating aquifers, a
tax should also be put on water which
is pumped for irrigation. The burden
of such a tax should not impose an
excessive social or economic cost to any
income group.

6. Government Participation and Re-
search : It is strongly recommended that
the Ministry of Agriculture undertakes
to carry out all the necessary agricultural
activities on selected demonstration
farms belonging to farmers in all irri-
gation project areas. The merits of
such a policy are many.

Firstly, the research program of the
Ministry would not be confined to expe-
rimental farms which are farmed under
very different conditions in areas far
away from the project.

Secondly, given the local conditions
of the area, scientific application of the
principles of agronomy, farm manage-
ment and economics should facilitate the
establishment of the optimum production
function for the area.

Thirdly, if the produce has to be sold
by the Ministry through the marketing
channels used by the farmers of the loca-
lity, marketing defects would be clearly
understood and evaluated.

Fourthly, after a number of years, a
picture of what should be cultivated, and
how, in a particular project area would
emerge. The main elements composing

(5) EcksTEIN (0O.). — Water Resource De-
velopment, Harvard University Press, Cam-
bridge, Massachusetts, U.S.A., 1961.

fthis picture would be () size of viable
farm unit, () what technology should
be used in farming it, {¢) crop rotation
and intensity of land use, (d) expected
vields, (¢) expected prices, and {(f) ex-
pected net returns per unit area and their
allocation .to labour, land, capital and
enterprise.

Fifthly, all the knowledge and expe-
rience gained will be gained under realis-
tic conditions in project areas with the
participation of farmers. It will not be
gained under different conditions in a
“ model ¥ experimental farm away from
the farmers.

Finally; the Government will have re-

liable information not only of the pre-
sent profitability of agriculture in project
areas but also of potential and attai-
nable higher levels of profitability. On
the basis of this information, realistic
agricultural development plans can be
worked out. Pricing of irrigation water
can be used as a tool for the fulfill-
ment of these plans. Their success
would mean that {a) the farmers get the
maximum benefit from the construction
of the irrigation project; (b) as a con-
sequence, the capacity of farmers to pay
is maximised and, therefore, the Govern-
ment can charge the highest price pos-
sible for the water without spoiling the
objectives of the project; (¢) as a con-
sequence, the taxpayers benefit by
having to subsidise irrigation projects
less heavily ; and (d) the public at large
benefits by the supply of cheaper food.
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