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Introduction

With growing populations, increasing stand-
ards of living and growing concern for envi-
ronmental issues, claims on water resources 
are intensifying. Competition between sectors 
is increasing and water allocation mecha-
nisms currently in place, such as fixed allo-
cations or rationing, may no longer be 
adequate. At the World Water Forum 2000, a 
large international conference, the majority 
of the international water community called 
for reforms in water allocation mechanisms 
(Cosgrove and Rijsberman, 2000). Proposed 
reforms relate especially urgently to agricul-
ture. Worldwide, 70–80% of all developed 
water resources is used for agricultural pro-
duction. In arid countries where rainfall is 
insufficient for rain-fed agriculture, this per-
centage may be as high as 90% (Gleick, 
1998). Water use in agriculture is often heav-
ily subsidized and trade in water is limited. 
Several studies report problems related to 
water scarcity and resources overexploita-
tion in the USA, India, Pakistan, China, the 
Middle East and the Soviet Republics (Postel, 
1999; Seckler et al., 2000; Rosegrant et al., 
2002). They foresee that these problems will 
only intensify and spread to more regions in 
the near future, unless adequate action is 
undertaken to reform prevailing water man-
agement practices.

Economic incentives and mechanisms, 
such as water pricing and introduction of 
water markets, are often proposed as effi-
cient and effective measures in demand 
management. According to Perry (2001), the 
three most common reasons for recom-
mending water charges are:

● To recover the cost of providing water 
delivery service;

● To provide an incentive for efficient 
use of scarce water resources;

● As a benefit tax on those receiving 
water services, to provide potential 
resources for further investment to the 
benefit of others in society.

Cost recovery and tax purposes can be 
achieved through area- or crop-based pric-
ing. These charging mechanisms are gener-
ally preferred to volumetric pricing because 
they are easier and cheaper to implement. 
To provide an incentive for more efficient 
use, charges must be a direct function of 
consumption.

Underpricing may lead to inefficient use 
of scarce water resources, and the introduction 
of volumetric water pricing may reduce water 
wastage and generate revenue to continue 
essential services in the future (Briscoe, 1996; 
Rosegrant, 1997; Huffaker et al., 1998; Kumar 
and Singh, 2001). ‘Getting the prices right’, i.e. 
reflecting the economic and social value of the 
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 irrigation the most labour-extensive appli-
cation is to simply flood the field, resulting 
in high water losses. Water application can 
be reduced dramatically at the expense of 
extra labour by field levelling, constructing 
bunds, using furrows or increasing the 
intensity of monitoring field conditions. 
Likewise, a labour-extensive way to operate 
a sprinkler system is to use a timing device 
so that the sprinklers are turned on at regu-
lar intervals. But this does not account for 
the rainfall that may occur during these 
intervals, and irrigation water may be lost. 
More water-efficient, but more capital-
intensive, is to install moisture probes to 
determine the right time to sprinkle, based 
on actual water needs. This method does 
not account for rainfall that may occur in 
the days following irrigation. Even more 
efficient in terms of water use, but more 
capital-intensive, is a computerized system 
that uses actual water needs and weather 
forecast information.

There are clear limits to substitution. 
Below a certain point it is no longer possible 
or desirable to use more water to replace capi-
tal and labour. Too much water will damage 
crops, create erosion problems, cause water-
logging and flush away fertilizer. Consequ-
ently, there is a maximum amount of water a 
farmer will take, even if abundant water is 
available at zero cost. As a result, at low water 
prices water demand is not determined by 
price but by agronomic- and technique-related 
factors and water use is unresponsive to price. 
With the introduction of water pricing as a 
demand management tool, water use becomes 
elastic only beyond a certain threshold. The 
size of the threshold depends on initial water 
management practices and the substitutabil-
ity of water for other inputs. The model devel-
oped in the following paragraphs explores the 
impact of these factors on water demand at 
low price ranges.

Demand curves

The water requirements of a crop depend on 
physical factors, such as climate, soils and 
crop characteristics. In general, the more 

the soil moisture is available to the crop, the 
higher the crop yield, up to a certain limit. 
At low water application rates an additional 
unit of water results in a substantial yield 
increase but the marginal product of water 
quickly declines at higher water levels. 
Beyond a certain level of water application 
crop yields suffer due to lack of aeration in 
the root zone. At that point, the marginal 
product of water becomes negative. A poly-
nomial functional form, best captures the 
physical relationship between crop growth 
and soil moisture. Hargreaves (1977) pro-
poses a cubic form. Following Dinar and 
Letey (1996) and Rosegrant et al. (2001), a 
quadratic functional form is adopted here:

Y W Wp c c= + +b b b0 1 2
2

 (3.1a)

Y Y Yc r p= i
 (3.1b)

Where, Yr stands for relative crop yield, Yp 
is potential yield, Yc is crop yield, bs are 
regression coefficients and W is the amount 
of crop evapotranspiration. The crop pro-
duction function depends on crop charac-
teristics, soil and climate and is unique for 
each crop and location. This is reflected by 
the intercept β0. In the representation given 
by the equation (3.1a and 3.1b) inputs other 
than water (e.g. agrochemicals) are kept 
constant at an optimum level.

The variable W represents the amount 
of crop water evaporation. To get this 
amount to the plants it needs to be conveyed 
from source to fields and applied in the 
right quantities at the right time. The irriga-
tion efficiency indicates the extent of water 
losses occurring in conveyance and applica-
tion. Application efficiency at field level is 
defined as the amount of water beneficially 
used by crops (W ) divided by the total 
amount diverted to the field (TotWat).

Eff
TotWat

=
W

  (3.2)

Confronted with rising water charges, a 
farmer can reduce total water diversion by 
reducing the water layer on the field (W) 
through the adoption of deficiency irrigation 
or switching to a less water-demanding 
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(Perry, 2001). To gauge the effectiveness of 
pricing as a demand management tool, it is 
thus essential to investigate the importance 
of the price threshold.

In the following paragraphs the sensi-
tivity of technology on the threshold value is 
examined, using a numerical example using 
crop data from California. Crop production 
parameters are adapted from Dinar and 
Letey, 1996 and summarized in Table 3.1.

Little is known about prevailing appli-
cation efficiencies and associated cost 
curves. This example, therefore, explores a 
wide range of values of substitutability, 
scope of improvement and initial efficien-
cies. Figure 3.3 presents a family of cost 
curves for an application technology of 
which the application efficiency ranges 

from 25% to 80%. That is, if farmers are free 
to take the amount of water they desire free 
of cost, they will choose to operate the sys-
tem at 25% efficiency. The lowest curve 
represents a situation where efficiency 
improvements come at a high cost: $500/ha 
to increase efficiency from 25% to 50% (for 
comparison in this example, maximum crop 
revenue is $2500/ha). The ‘high substitut-
ability’ curve indicates a low marginal cost 
of efficiency improvement: $150/ha to 
increase efficiency from 25% to 80%. Figure 
3.4 depicts the resulting water demand 
curves. Water demand is elastic and thresh-
olds are low and of minor importance, even 
in case of low substitutability of water.

The situation changes dramatically if the 
initial efficiency is set at 40% instead of 25% 
(Fig. 3.5). The dotted lines in Fig. 3.5 depict 
that part of the demand curve which is sup-
pressed because of the high initial efficiency. 
The threshold level varies from negligible to 
considerable, depending on the ease of substi-
tution. Figure 3.6 shows the family of demand 
curves for a technique whose scope of im - 
provement is relatively limited (efficiency 
ranging from 60% to 80%). In this case, water 
demand is inelastic, unless the substitution of 
water comes at a very low cost.

This analysis makes clear that the 
threshold value depends on three  interrelated 
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Fig. 3.2. Demand curve.

Table 3.1. Crop data used in the numerical 
example. (From Dinar and Letey, 1996.)

Crop: cotton  Location: California

Parameters

b0 −0.13 Crop price ($/t) 1600
b1 2.30 Potential yield (t/ha) 1.7
b2 −1.20  

Note: In this table and throughout the book $ means US$.
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 factors, namely the prevailing applica-
tion efficiency, the scope of efficiency 
improvement and the ease of substitu-
tion. These factors are, to a large extent, 
determined by technology choice and 
existing on-field water management 
practices, which are mostly unrelated to 
water price.

In this example, when the application 
efficiency is 25%, water demand is fairly 
elastic at low prices, even if efficiency 
improvements come at a relatively high cost. 
On the other hand, if the existing efficiency 
is 40% or 60%, reduction of water demand 
may require a substantial price increase 
depending on the ease of substitution.

Fig. 3.3. Efficiency improvement cost curves (efficiency range 25–80%).
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Fig. 3.4. Demand curves for efficiency range 25–80%.
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Costs of water reduction

The existence of an inelastic section of the 
demand curve at low prices, or the lack 
thereof, has major implications for the cost of 
water reduction to farmers. Figure 3.7 shows 
the relation between water reduction and 

cost of water for the demand curves depicted 
in Fig. 3.5. Water reduction is expressed as a 
percentage of the maximum quantity 
demanded under price zero (i.e. 2.25 m/ha). 
Water costs, expressed as a percentage of 
total crop revenue, include water charges 
plus the costs of efficiency improvement.
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Fig. 3.5. Demand curves for efficiency range 40–80%.
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Fig. 3.6. Demand curves for efficiency range 60–80%.
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Unless the ease of substitution is high, 
considerable impacts on farm income are 
implicit for using water pricing as a means to 
limit demand. Empirical evidence supports 
this finding. Perry (1997) estimates for Egypt 
that inducing a 15% reduction in water 
demand through volumetric pricing would 
decrease farm incomes by 25%. Berbel and 
Gomez-Limon (2000) estimate that farm 
income in Spain will decrease by 40% before 
water demand decreases significantly. 
Bernardo and Whittlesey (1989) and Hoyt 
(1984) conclude that in the Washington State 
and Texas farmers substitute water with 
labour, by switching to a more water-efficient 
mode of operation. But to induce these water 
savings by pricing (as opposed to restricting 
supply) results in a significant income loss to 
farmers and painful adjustments as some 
farmers may have to stop irrigating.

In countries where low-income farmers 
make up a large part of the voting popula-
tion, pricing may not be a feasible demand 
management option from a social and polit-
ical point of view.

Scaling up

Volumetric water pricing in agriculture is 
geared towards influencing water use behav-

iour of individual farmers. The aggregated 
impact of pricing at a scale larger than a 
farm may be governed by different processes 
and scaling up the impacts of pricing by 
aggregating individual responses may lead 
to erroneous conclusions.

Efficiency of water use is a scale-dependent 
concept. From a river basin perspective, drain-
age water from ‘inefficient’ farms is not neces-
sarily lost, but can be reused by downstream 
users, water quality allowing (Seckler, 1996). 
Molden et al. (2000) show that, for Egypt, farm-
level efficiency is as low as 40%, but overall 
basin efficiency is 90%. This implies that 90% 
of all diverted water is beneficially used for crop 
growth. Water ‘wastage’ is negligible and the 
scope for water savings, induced by pricing or 
other measures, is very small.

Although field efficiency is low, return 
flows from ‘inefficient’ users may be reused by 
downstream farmers, either by recapturing 
drainage flows or by pumping excess seepage. 
Pricing induces upstream farmers to use water 
more efficiently and thus create less return 
flows. Downstream farmers have to divert more 
water to compensate for this loss. Consequently, 
at the aggregate level of river basins, the reduc-
tion of water diversions as a result of pricing 
may be less than foreseen (Perry, 2001). A proper 
assessment of the impact of water pricing at 
basin scale requires a knowledge of hydrologi-
cal interaction between users.
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Fig. 3.7. Cost of water reduction.
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Impact of Existing Rationing

In many parts of the world, farmers are not 
free to take the amount of water they prefer. 
Farmers’ access to water is bounded by 
water rights or by fixed allocations. Also the 
size of canals, inlets or pipes may limit the 
amount of water a farmer can take (this 
could be called technological rationing as 
opposed to institutional rationing).

Where water is scarce and water prices 
low, the amount allocated is likely below the 
‘free market’ amount (i.e. the amount of water 
that farmers would be willing to take at the 
prevailing price). A good example of an allo-
cation mechanism in water-scarce areas is 
warabandi, which is practised on a large scale 
(over millions of hectares) in irrigation 
schemes in India and Pakistan. The system is 
designed to provide a rationed and equitable 
service (in proportion to landholdings) to all 
farmers under conditions of extreme water 
scarcity. Instead of planning for full irrigation 
of a small part of the area, the available water 
is spread over a large number of farms, thus 
giving farmers a choice between fully irrigat-
ing part of their land with water-intensive 
crops, or irrigating a larger area of less water-
intensive crops, or deliberately underirrigat-
ing a still larger area. This approach encourages 
maximum output per unit of water, rather 

than maximum output per unit of land 
(Bandaragoda, 1998).

Figure 3.8 depicts the relation between 
water price, demand and actual use. The 
dotted line represents the demand curve. 
The solid line shows the actual use.

At low prices water use is constrained by 
rationing. Farmers optimize water use by 
choosing an appropriate crop, level of risk and 
efficiency according to its limited availability, 
independent of price. Consequently, water use 
is unresponsive to price. At a certain thresh-
old, pricing becomes effective in reducing 
demand. This is the point where price equals 
the productive value of an additional unit of 
water (price equals marginal product).

If the price of water is set below the 
threshold and the maximum allocation is still 
in place, farmers start ‘paying off the absorbed 
scarcity rent’. In other words, water diversions 
remain constant but farmer profit suffers sub-
stantially.4 If the rationing system is fully 
replaced by water pricing allocation, and the 
price is set below the threshold, farmers will 
divert more water, until the gap between actual 
price and productive value is bridged.

These observations imply that where 
irrigation water is currently rationed, the 
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Fig. 3.8. Water demand and use under restricted supply.

4 Society as a whole may bene� t depending on how 
water revenues are invested.
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