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Preface

Water resources in the ESCWA region are scarce—not only that, they are being depleted rapidly and
demand for them is increasing. The present study has been prompted by this situation: there is an urgent need
to analyse how reallocating water away from the agricultural sector (the largest user of water in the region)
to meet the needs of other sectors (particularly the industrial and domestic) would affect the overall
performance of individual sectors and, more generally, the economies of ESCWA member countries. In
conducting the study, relevant data and information were collected, and eminent experts of the region were
co-opted (for the preparation of the two case studies on water allocation in Egypt and Jordan).

It is intended that this study constitute both a reference document for policy- and decision-making
processes relating to the management of water supplies in the ESCWA region, and an evaluation tool for
decisions that have already been made regarding the allocation of water resources to various sectors. As
such, its beneficiaries will be primarily policy and decision makers involved in the daily management of the
ESCWA region’s diminishing water resources. It is hoped that the study will also be of use to other
professionals in the field, and will inform the general public on the issues surrounding sectoral water
allocation and how optimal allocation can ensure sustainable, equitable and efficient use of the region’s
water resources.

The main part of the study is organized into seven chapters. Chapter I acts as an introduction and
provides relevant background information. Chapter II provides an overall picture of the water situation in the
ESCWA region and highlights the projected demand for water in the area. Chapter III reviews the major
concepts and concerns in sectoral water allocation, assesses the urgency of implementing water-allocation
policies, and investigates the economic, social and drought-related issues. Chapter IV provides a review of
water-allocation mechanisms, and supporting policies and measures that may be used to enhance sectoral
water allocation. Chapter V contains a cost-benefit analysis of water allocation that may be applied to the
agricultural, domestic and industrial sectors. Chapter VI provides current and anticipated sectoral water-
allocation policies in Egypt and Jordan, as well as a brief overview of the situation in selected other ESCWA
member countries. Chapter VII concludes the study and presents some recommendations.
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Executive summary

Ensuring adequate water supplies for all raises difficult allocation issues. Agriculture is the largest
user of water resources in the world, accounting for 72 per cent of average per capita diversions, with the
industrial and domestic sectors accounting for 19 per cent and 9 per cent respectively. In the coming years,
industry will remain a high economic priority; agriculture, with two thirds of its production dependent on
irrigation, will remain dependent on water; and society’s water requirements for domestic use will be greater
than ever.

The situation will become graver in the ESCWA region, because the population is expected to increase
by some 40-50 per cent over the next two decades. This population growth will be accompanied by major
changes in the composition of demand resulting from rising incomes, urbanization and industrialization, even
though the region’s finite and fragile water resources are already stressed and depleting rapidly. Water-
resource development has reached or is fast approaching its potential limit in most ESCWA member
countries, and in those areas where undeveloped water-resource potential still exists, further resource
development is constrained by technological inadequacy, and environmental and budgetary concerns. The
demand-supply gap is growing rapidly, and intersectoral and interregional water conflict is intensifying as a
result.

The volume of water currently available within the ESCWA region currently amounts to about 197.61
billion cubic metres per annum, while the region’s total requirements are estimated to be 170.17 billion cubic
metres per annum. However, if population increases remain in line with current projections and there are no
changes in water availability, it is expected that most ESCWA member countries will face severe water
shortages by 2025. Only five ESCWA member countries are currently above the water poverty/scarcity line
of 1,000 cubic metres per capita per year. Better water allocation between various uses and users is required
in order to adapt to the constraints imposed by water scarcity and drought.

Agriculture consumes more than 80 per cent of the water used in the ESCWA region. Small
reallocations of water away from agriculture could be translated into very high increases in water availability
in other sectors; in some countries of the region, the reallocation of a small percentage of water from
agriculture could almost double the total amount of water available in another sector. For example, a transfer
of 5 per cent of the water used in agriculture in Jordan away from agriculture could nearly double the amount
of water available for domestic consumption there. Since agriculture is by far the largest consumer of water
in the ESCWA region, it is envisaged that most, if not all, sectoral water reallocations will involve reducing
the amount of water made available for agricultural purposes and reallocating it to other sectors. Reallocation
will have a substantial impact, particularly on the domestic and industrial sectors, and could lead to an
increase in gross domestic product (GDP) and to the creation of more jobs within the industrial sector,
thereby helping to combat unemployment.

Efficient sectoral water allocation cannot occur if prices fail to reflect the true costs of water provision
and the scarcity value of water itself. Getting the price right at the subsectoral level is fundamental to
achieving optimal water use, not only within but also between sectors. There are many instances where water
pricing in one sector has had a negative impact on the availability or quality of water in another sector. For
instance, in the case of groundwater, subsidized electricity and fuel charges have resulted in the
indiscriminate withdrawal of water for agricultural use and, in many parts of the region, this has also led to
the contamination of domestic water supplies. Conflicts over water use between hydropower and irrigation
can also be largely attributed to the subsidization of water in the agricultural sector.

As well as revising the pricing regime, reforms will also have to target allocation mechanisms
themselves. Key reform areas are: (i) improving the administrative allocation of water by incorporating
economic or value-based criteria into decision-making; (ii) developing administrative brokering of
compensated trades; and (iii) developing formal water markets, including the establishment of institutional,
legal, regulatory and technological frameworks. Reforms in these three areas are based on the common
rationale that sectoral water allocation should incorporate an economic dimension without overlooking social
concerns, whether this occurs through negotiation or through ‘automatic’ market exchanges. The suitability
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of one allocation mechanism over another will depend on circumstances, but the end result should be one of
mutual benefit to all parties.

The solution to water shortage is to make the use of water among sectors more efficient, using
allocation policies that take the principles of economic efficiency and equity into consideration. These are
the two guiding principles for decision-making compatible with social objectives. Economic principles
should be applied in order to recover the true cost of water delivered, including the opportunity cost, the
capital cost and the operation and maintenance costs. This study outlines several of the criteria used to
compare appropriate means of resource allocation in order to achieve optimal allocation.

Water-allocation policies vary from one country to another. Each country has adopted its own
mechanisms according to its natural conditions, social and economic structure, and political situation, and
these policies should be evaluated for their environmental, economic and socio-political effects. Cost-benefit
analysis is the most common method for evaluating different alternatives for a project, and it can be used as a
decision-support device to suggest what water-allocation pattern is likely to provide the highest net social
benefit to society as a whole. Cost-benefit analysis is undertaken for Egypt and Jordan in this study, and
results suggest that the net benefit to society could be greatly improved by reallocating water away from
agriculture to other sectors of the economy.

All types of allocation policies are found in the ESCWA member countries, including marginal-cost
pricing, public allocation, user-based and market allocation. The implementation of each type is dependent
on certain circumstances, but no single type is best for all conditions. Although user-based allocation is more
flexible than public allocation, its application in the region is still in its infancy and is limited to small-scale
projects in Egypt and Jordan. So far, water-user organizations have not been able to provide services to users
in a sustainable manner.

Water-market allocation principles, which are generally applied during crises or periods of scarcity,
are applied in a few countries in the ESCWA region, despite the advantages of the incentives they provide
for users to seek the highest-value application of water resources. Few cases of tradable water rights can be
found, apart from the southern Ghors of Jordan, where farmers prefer to sell their rights to industry. The
practices outlined are not regulated, so government should be committed to developing and supporting
water-market and tradable water rights legislation.

In general for the ESCWA region, the following can be concluded:

1. Agriculture is the last and residual claimer of water, and proper regulations should be put in place to
encourage water-use efficiency in order to save water that could be reallocated to other sectors.

2. The implementation of new water-pricing policies should be used as an incentive for improving water-
use efficiency and water productivity.

3. Appropriate pricing and market-mechanism policies should encourage farmers to grow crops that have
higher net returns per cubic metre of water and which are in demand in domestic and export markets.

4. The formulation of national water strategies should include strategies for increased water-use
efficiency and reallocation of water between sectors. National strategies should put special emphasis on the

support of target stakeholder groups, such as water-user associations.

5. New strategies should better define the role of governments in regulation, control and support, such as
extension and research development to enhance water-use efficiency and water allocation.

viii



I. INTRODUCTION

Global trends in water use during the twentieth century show that water consumption has increased
almost tenfold. At present, around 35 per cent of the world’s available water supplies are in use, compared
with less than 5 per cent at the turn of the twentieth century. However, water scarcity is reaching alarming
levels in some areas, especially arid and semi-arid regions, and this increasing scarcity has highlighted
various water-related problems, such as conflicts between different uses and users. Conflict between the
demands of the three major sectors (agricultural, domestic and industrial) is becoming fierce, but other
sectors (such as energy, environment, flood control, navigation, fisheries and recreation) are increasingly
affected as well. These conflicting demands are the result not only of a shortage of water, but also of
society’s inability to develop equitable allocation of water between different uses and users. However, there
are positive developments: there is a growing awareness of the problem, and conscious efforts are being
made to develop sustainable and favourable trade-offs.

In many parts of the world, the 1990s witnessed a dramatic shift in priorities for water-resource
allocation and development. Irrigation, which was once seen as an essential step towards the achievement of
self-sufficiency in food production, is now seen as a low-value use for water, when compared with
municipal, industrial or even environmental uses. Not only are fewer funds being allocated for irrigation
project development, but in an increasing number of cases, water is being transferred away from agriculture
to meet growing demands in other areas. Sometimes the farmers holding water rights in these cases are
compensated; on other occasions, they do not need to be compensated, nor does their consent need to be
sought. The following should serve as an example: 15,000 cubic metres of water are necessary to irrigate 1
hectare of rice, but the same amount of water can supply 100 nomads and 450 heads of livestock for 3 years;
or 100 rural families with piped water for 4 years; or 100 urban families for 2 years; or 100 luxury hotels for
55 days, etc. Industry requires large amounts of water, but about 85 per cent of it is returned to the water
system, albeit heavily polluted with various waste materials, including chemicals and heavy metals. Demand
for water from the domestic sector is moderate in comparison with that from the agricultural and industrial
sectors, but its quality requirement is much higher (Richards 2001, Saleth and Dinar 1999).

A. BACKGROUND

The value of water to individual users is linked to its location and quality, and the timing of its
availability. Its location determines accessibility and cost, its quality whether it can be used at all, and if so,
at what treatment cost. The timing of the availability of water dictates its reliability and value for power
production, irrigation, environmental or domestic use. However, the value of water, especially in agriculture,
is also inextricably linked to the land to which the water is applied (FAO 1993). Furthermore, water has
particular attributes that distinguish it from other economic goods: it is a basic human right, and the
connection between water and human life is best exemplified in arid regions, where lack of water leads to
famine and death. Yet only a small fraction of the water utilized by most societies is actually used for
preserving life; a large proportion is used for convenience and comfort, for example in some developed
countries, where daily household water use exceeds 400 litres, with half of this amount being used to water
lawns and gardens, and most of the remainder being used to flush toilets, bathe and wash cars. The time is
therefore ripe to review how water resources are being allocated, so as to achieve greater economic
efficiency, as this should be the driving force behind the management of water resources.

In order to improve the management and allocation of water resources, it is also necessary to
acknowledge that as a commodity, water can function in both a monopolistic and a competitive market.
Water projects that compensate for seasonal variations such as floods and droughts require enormous
investment, and economies of scale are such that a single organization is the most economically efficient
arrangement. At the other extreme, most economies of scale for pumping groundwater can be achieved with
relatively small outputs, with the result that many suppliers can operate efficiently simultaneously; this
necessarily complicates the management of water resources. There is therefore an urgent need to manage
water resources properly by establishing policies that will regulate, manage and allocate them in an
integrated and holistic manner, maximizing the benefit to society as a whole.



B. JUSTIFICATION FOR THIS STUDY

Agriculture is the largest user of water in the world, accounting for 72 per cent of average per capita
diversions, with the industrial and domestic sectors accounting for 19 per cent and 9 per cent respectively
(Meinzen-Dick and Bakker 1999). Water-allocation problems in these three sectors will worsen in coming
years: industry will continue to be a high economic priority; agriculture, with two thirds of production
dependent on irrigation, will remain dependent on water; and society’s water requirements for domestic use
will be greater than ever. Many countries of the ESCWA region share the same water supply, and ensuring
adequate water supplies for all will raise difficult allocation issues. The conservation of such supplies will
require regional cooperation, and ESCWA member countries should seek opportunities to resolve conflicts
over shared water resources.

The reason problems are likely to worsen is that the ESCWA region’s population is expected to grow
by some 40-50 per cent in the next two decades. This increase will come hand in hand with major changes in
the nature of water demand, resulting from rising incomes, urbanization and industrialization. However, the
region’s finite and fragile water resources are already stressed and being rapidly depleted. In most ESCWA
member countries, water-resource development has either reached or is fast approaching the limit of
potential water utilization. Even in areas with undeveloped water-resource potential, further resource
development is hampered by technological inadequacy, and environmental and budgetary constraints. The
main result of this growing demand-supply gap is the intensification of intersectoral and interregional water
conflicts.

In the ESCWA region, inappropriate policies are partly to blame for excessive water consumption and
degradation in the quality of water. The fact that irrigation water charges are low or non-existent leads to the
overexploitation of groundwater, an increase in water salinity, and waterlogging problems, which in turn
result in lower crop yields. There are serious problems in Jordan, Palestine and Yemen, and the countries of
the Arabian Gulf (including Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates),
which are currently facing severe water shortages, and a significant portion of the region’s water is polluted
owing to inadequate handling of human and industrial waste. If the region’s aspirations to continued and
sustained economic growth and improved social and environmental conditions are to be realized,
fundamental changes in how water resources are allocated, planned and managed need to be made urgently
by stakeholders (Richards 2001).

C. GOALS, OBJECTIVES AND METHODOLOGY
1. Goals and objectives

This study intends to define the concept of sectoral water allocation; to identify the mechanisms and
policies involved; to evaluate the social, economic and drought-related issues; to analyse the benefit of
sectoral water allocation to economies; and to examine how sectoral water allocation can best be achieved—
and how applied—at the ESCWA member-country level, by suggesting suitable strategies. The study will
review and assess these issues critically, so that policy and decision makers who face the task of managing
dwindling water supplies and evaluating how best to allocate water resources to various sectors may
understand what is at stake and what is expected. Policy and decision makers will have a comprehensive
overview of the information available, and a practical, yet theoretically sound, analytical tool.

Agriculture is by far the dominant sector as far as water consumption is concerned, and in the ESCWA
region it accounts for more than 80 per cent of water allocated and used. In the near future, it is envisaged
that most, if not all, sectoral water allocations in the region will involve reducing water consumption in the
agricultural sector and significant reallocation to other sectors. This reallocation will have a substantial
impact on the domestic and industrial sectors that could lead to increases in the gross domestic product
(GDP), provide more water for rural communities, and create more jobs within the industrial sector, thereby
helping to combat unemployment. Agriculture will therefore be the main focus of this study, since it will be
greatly affected by the reduction of water available to it. Better management of water in agriculture,
including changing crop patterns and the adoption of modern irrigation technologies, will help agriculture
deal with the reduction in its water share.



2. Methodology

The reviews, assessment and analyses undertaken in this study are complemented by a review of
practical cases from selected ESCWA member countries. Part of this review is focused on the regional level,
and part, including the economic analysis, at the level of the countries selected. The economic analysis is
based on a cost-benefit analysis specifically developed for this study, which gives the costs and benefits
derived from or generated by each major water-using sector. Water-benefit functions are developed, based
on models taken from similar studies of major water uses, subject to a series of constraints and assumptions.
Costs and benefits are then compared, taking as the economic objective the maximization of the net present
value or the internal rate of return from various water uses.



II. THE WATER SITUATION IN THE ESCWA REGION
A. AVAILABILITY OF WATER

World freshwater resources are limited, more so in arid and semi-arid regions. Sectoral competition to
meet basic social and economic requirements is growing, and increasing development activities are creating
even more competition for freshwater resources. Freshwater constitutes only 2.5 per cent of water in the
world, but even this small amount is not entirely accessible for consumption: natural and technical
limitations allow only 30 per cent of it to be extracted.

The ESCWA region covers about 4.750 million square kilometres, of which about 97.7 per cent are
classified as arid or semi-arid. Though the region constitutes 3.6 per cent of the total area of the world and is
home to 2.6 per cent of its population, its water resources amount to only 0.38 per cent of the world total.
Water is therefore very scarce in the region, and the average per capita water share is just above the
international water poverty/scarcity threshold of 1,000 cubic metres per capita per year. Furthermore, eight
ESCWA member countries have a per capita water share of less than 500 cubic metres per capita per year
(Bahrain, Jordan, Kuwait, Palestine, Qatar, Saudi Arabia, the United Arab Emirates and Yemen); six of these
eight countries (Bahrain, Jordan, Kuwait, Qatar, the United Arab Emirates and Yemen) have a per capita
water share of less than 200 cubic metres per capita per year and are among the world’s 15 countries poorest
in water (see figure I).

Figure I. Per capita water share in the ESCWA region
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The cost of developing new water sources is spiralling as a result of increasing water scarcity
combined with continually increasing demand for water. Countries in the ESCWA region are being forced to
invest in new technologies and infrastructures to access uneconomical water sources, or to purify and deliver
brackish and sea water (ESCWA 2001a). Thus in Amman, Jordan, for example, the average incremental cost
of developing water from groundwater used to be US$ 0.41 per cubic metre. Now that this groundwater has
been depleted, it is necessary to bring water to the city from a site 40 kilometres away and to lift it some
1,200 metres at an average cost of US$ 1.33 per cubic metre. It is anticipated that as water becomes
increasingly scarce, these costs will go as high as US$ 1.50 per cubic metre in the near future (Rosegrant
1997).

The availability of water resources within the ESCWA region varies from country to country. On
account of their comparatively high rainfall, the northern ESCWA member States have perennial surface-
water sources of varying sizes, in the form of springs and major rivers (which originate both within and
outside these States’ national boundaries). These ESCWA member countries also possess renewable
groundwater reserves sufficient to meet their current water requirements. In contrast, a harsh desert
environment characterizes the southern ESCWA region, which encompasses the Arabian Peninsula countries
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of Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, the United Arab Emirates and Yemen. Water resources in
this region consist of limited quantities of run-off from flash floods, groundwater in the alluvial aquifers, and
extensive groundwater reserves in deep sedimentary formations. The region also relies on non-conventional
water resources, such as desalinated brackish and sea water, and reused wastewater. The total water available
to the ESCWA region for the year 2000, from both conventional and non-conventional sources, is shown in
table 1.

TABLE 1. ESCWA WATER RESOURCES IN 2000 (in million cubic metres)*

Conventional water resources” Non-conventional water resources

Groundwater Groundwater Wastewater and
Country/area Surface water recharge use Desalination drainage reuse?
Bahrain 0.2 100.0 258.0 75.0 (3.0)17.5
Egypt 55500.0 4100.0 4 850.0 6.6 (4 920.0) 3 800.0
Iraq 70 370.0 2 000.0 513.0 7.4 1500.0
Jordan 350.0 277.0 486.0 2.5 61.0
Kuwait 0.1 160.0 405.0 388.0 30.0
Lebanon 2 500.0 600.0 240.0 1.7 2.0
Oman 918.0 550.0 1 644.0 51.0 23.0
Palestine 30.0 185.0 200.0 0.5 2.0
Qatar 1.4 85.0 185.0 131.0 28.0
Saudi Arabia 2230.0 3 850.0 14 430.0 795.0 (24.0) 131.0
Syrian Arab 16 375.0 5100.0 3500.0 2.0 (1270.0) 1 447.0
Republic
United Arab
Emirates 185.0 130.0 900.0 455.0 108.0
Yemen 2250.0 1400.0 2200.0 9.0 52.0
Total 150 710.0 18 537.0 29 811.0 1925.0 8 322.0

Source: ‘Shared groundwater resources in the ESCWA region: the need, potential benefits and requirements for enhanced
cooperation,” paper presented at the Expert Group Meeting on Legal Aspects of the Management of Shared Water Resources, Sharm
El-Sheikh, Egypt, 8-11 June.

a/ Note that the totals do not reflect the figures in the columns owing to rounding errors.
b/ The flow of the Tigris and Euphrates rivers can be reduced by abstraction upstream in Turkey.
¢/ Values in brackets are drainage water reuse.

B. SECTORAL WATER DEMAND
Historically, relatively plentiful water resources have been used primarily for irrigation, with demands
from other sectors being insignificant in relation to resource availability. That situation is changing, as shown

in table 2.

TABLE 2. CURRENT AND PROJECTED WATER ALLOCATION IN THE ESCWA REGION
(in million cubic metres)

1990 2000 2025

Country Dom. Agric. Ind. Dom. Agric. Ind. Dom. Agric. Ind.
Bahrain 112 120 17 132 124 26 169 271 169
Egypt 2 700 49 700 4 600 2950 59900 5350 6300 69 100 10 900
Iraq 3800 45200 1450 4300 52 000 9700 8 000 76 000 10 000
Jordan 190 650 43 388 791 63 700 900 160
Kuwait 295 80 8 375 110 105 1 100 140 160
Lebanon 271 875 65 312 950 150 1100 2 300 450
Oman 117 1150 5 262 1500 85 630 1500 350
Palestine 78 140 7 260 217 18 800 420 70
Qatar 107 109 9 147 185 15 230 205 50
Saudi Arabia 1508 14 600 192 2350 15 000 415 6450 16 300 1450
Syrian Arab

Republic 650 6930 146 1280 15370 480 2 825 19 430 1300
United Arab

Emirates 513 950 27 750 1400 30 1100 2 050 50
Yemen 168 2700 31 360 3150 61 840 3650 134
ESCWA 10 509 123 204 6 600 13 866 150 697 16 498 30244 192 266 25243

Sources: Compiled by the ESCWA secretariat from country papers, regional and international sources, and questionnaire.



Points to note

(a) Expanding domestic demand. Domestic water use (both urban and rural) was about 13,866
million cubic metres, or around 8 per cent of the water consumed in the ESCWA region in 2000. This figure
is expected to rise to about 30,244 million cubic metres by 2025. While domestic demand is relatively small
compared with agricultural demand, it reflects a basic need that will continue to be a high priority;

(b) Rapidly growing industrial requirements. The water demand for 2000 of 16,498 million cubic
metres for the industrial sector and other related uses is projected to grow, reaching approximately 25,243
million cubic metres by 2025;

(c) Continuing pressures from agriculture. Agriculture accounted for approximately 83 per cent of
total water consumption in 2000 and will increase by approximately 28 per cent to 192,266 million cubic
metres by 2025;

(d) Other uses. Although not significant in terms of consumption, other uses (e.g., ecological,
hydropower, navigation, fisheries, flood control, recreation) will nevertheless continue to be important and
will require specific quantities and qualities of water.

The agricultural sector is the largest water user in the ESCWA region, accounting for an estimated 83
per cent of the total water utilized; domestic water consumption and industrial usage account for 8 per cent
and 9 per cent respectively of the total (see figure II). However, agriculture’s share in the total is expected to
fall as the strain on water resources increases and more water is diverted to satisfy the needs of other sectors,
notably domestic and industrial.

Figure I1. Sectoral water allocation in the ESCWA region in 2000
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If the projected figures given above for the requirements for various sectors are correct, the total
demand for water in the ESCWA region will increase from 181,061 million to 247,753 million cubic metres
by 2025. This would represent more than 18 per cent of the region’s utilizable resources, casting doubt on
the region’s ability to meet projected demand in all sectors. What is clear, however, is the rapid increase in
non-agricultural demand: consumption in the industrial and domestic sectors is expected to increase, with
domestic consumption expected to rise to 12 per cent of water utilized and industrial consumption to 10 per
cent, leaving agriculture with 78 per cent (see figure III).



Figure II1. Projected sectoral water allocation in the ESCWA region in 2025
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These changes in water requirements and the relative claims of different sectors are partly a reflection
of the changing status of these sectors in national policy. Although industrial development has been quite
slow in past decades, development efforts have been more concerted in recent years, with the result that
growth rates have accelerated. Sustained effort will be required if the industrial sector is to continue to be a
major driving force behind consistently strong macro-economic performance in the region. The role of
agriculture in overall economic development is being reduced as a result of this industrial development.
Nevertheless, irrigation is still seen as the main engine for growth in the agricultural sector and rural
development, and as such its claim on water resources will remain crucial in the near future. Reallocation of
water away from agriculture will require better water management in the agricultural sector, including
changes to crop patterns and the adoption of modern irrigation technologies.

Current constraints on water resources can be expected to become more apparent in coming years, as
population growth rates are still high and are not expected to slow down significantly over the next several
decades. In addition, the composition of demand will continue to change as a result of rising incomes, greater
urbanization and increased industrialization, with end-users requiring the availability of water to be highly
reliable and its quality improved. These changes in demand will not necessarily coincide with the natural
distribution of water resources, since sources close to the locations where water is required will become
exhausted. In past decades, such changes in demand were less noticeable, available resources were less
stressed and there was still substantial room for finding ad hoc solutions to meet specific needs. Now, as the
gap between the availability of water resources and demands on these resources widens, such ad hoc
approaches to water allocation, planning and management will no longer be sustainable.

Competition for water between the city and agriculture will be a major challenge in the forthcoming
century, whilst water demands from further expansion in irrigation, industry and the domestic sector will
have serious implications for competing non-consumptive uses, such as hydropower. Weaknesses and
inefficiencies in existing institutional and operational mechanisms for allocating and reallocating water
between sectors should be studied carefully. If present domestic consumption patterns continue unaltered,
most countries of the ESCWA region will have to construct new hydraulic structures, distribution systems,
and desalination plants and support facilities so that overall capacity can handle increasing demand.

C. POPULATION

In 2003, the total population of the ESCWA region was just above 180 million. This population is
concentrated in five countries: Egypt (41 per cent), Iraq (14 per cent), Saudi Arabia (13 per cent), Yemen (11
per cent) and the Syrian Arab Republic (10 per cent). During the ten-year period from 1990 to 2000, the
average annual population growth rate for the region was 2.6 per cent, as compared with 1.4 per cent for the
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world. Population growth rates ranged from 4.3 per cent in Yemen to 1.8 per cent in Egypt. By 2025, the
total population of the ESCWA region will have increased by about two thirds, to around 290 million. The
greatest increases will be observed in Yemen, where the population will more than double. The next greatest
increases will be in Iraq, Palestine and Saudi Arabia, where the population will increase by more than two
thirds, as shown in table 3. It is expected that 7 out of the 13 member countries of the ESCWA region will
record a population increase of more than half by 2025. In 2003, the population density in the ESCWA
region stood at around 40 people per square kilometre. The least densely populated countries were Saudi
Arabia and Oman with 12 and 13 people per square kilometre respectively. Bahrain was the most densely
populated country, with 1,089 people per square kilometre, followed far behind by Palestine, Lebanon and
Kuwait, with respectively 593, 357 and 141 people per square kilometre. All the remaining countries had
fewer than 100 but more than 30 people per square kilometre. However, the density of the population would
be much higher if the inhabited desert land were not taken into account.

TABLE 3. POPULATION IN THE ESCWA REGION

Population 2003 Population 2015 Population 2025
Total Urban Density Total Urban Total Urban

Country (1000s) (%) (/km?) (1000s) (%) (1000s) (%)
Bahrain 724 93 1089 900 95 1034 96
Egypt 71931 46 72 89 996 51 103 165 57
Iraq 25175 78 58 34 226 82 41707 84
Jordan 5473 75 60 6982 80 8116 82
Kuwait 2521 98 141 3352 98 3930 98
Lebanon 3653 90 357 4207 93 4554 94
Oman 2 851 86 13 3908 93 4785 96
Palestine 3557 95 593 5260 96 6903 94
Qatar 610 93 53 711 94 790 95
Saudi Arabia 24217 87 12 32728 90 39751 91
Syrian Arab Republic 17 800 56 97 23018 62 26 979 67
United Arab Emirates 2 995 87 36 3588 89 3944 90
Yemen 20010 26 38 30677 31 43204 38
ESCWA 181 517 60 40 239 553 64 288 862 68

Sources: UN Population Division 2001, ‘World Urbanization Prospects: The 2001 Revision’ (annex tables), in United
Nations Chronicle, issue 3, UN Department of Economic and Social Affairs, New York; UN Population Division 2002, World
Population Prospects: The 2002 Revision (annex tables), (ESA/P/WP.180), UN Department of Economic and Social Affairs, New
York.

This growing population will continue to put a high pressure on already strained water resources, and
the situation will only deteriorate with the anticipated improvement in living conditions. The per capita
availability of renewable water resources was around 4,000 cubic metres per annum in 1950, but now stands
at just over 900 cubic metres, just over 20 per cent of the water availability of the 1950s. By the year 2025,
per capita water availability will have decreased to 600 cubic metres per annum, amounting to a mere 15 per
cent of the water availability of the early 1950s (see figure IV). The situation is further exacerbated by the
concentrated nature of human settlement and economic growth in each country. The average rate of
urbanization in the ESCWA region is around 60 per cent, and the most populous areas are the few productive
stretches of land, such as the Nile Valley and the Tigris-Euphrates plains. Despite this high rate of
urbanization and the benefits brought by petroleum in the area, agriculture, which is still the largest water
user of all sectors, remains important to most economies in the ESCWA region. One indication of this is the
fact that agricultural and rural employment accounts for nearly 30 per cent of total employment—even more,
if related activities such as transport and trade of agricultural commodities are taken into account.



Figure IV. Population and water availability in the ESCWA region
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Sources:  UN Population Division, 2002, World Population Prospects: The 2002 Revision (annex tables),
(ESA/P/WP.180), UN Department of Economic and Social Affairs, New York; ESCWA, 2001, Implications of Groundwater
Rehabilitation on Water Resources Protection and Conservation: Artificial Recharge and Water Quality Improvement in the ESCWA
Region, E/EESCWA/ENR/2001/12, New York; and ESCWA 2001, Progress Achieved in the Implementation of Chapter 18 of Agenda
21, with Emphasis on Water for Sustainable Agricultural Production: Case Studies, New York (E/ESCWA/ENR/1999/22).



III. ISSUES RELATING TO SECTORAL WATER ALLOCATION
A. THE SIGNIFICANCE OF SECTORAL WATER ALLOCATION
1. Definition of water allocation

Water allocation may be defined as the optimal distribution of water by the appropriate authorities that
meets society’s needs, while maintaining economic efficiency and equity of distribution. Available water
needs to be shared between competing uses and users, whether these are sectors or regions, while taking
socio-economic development and environmental sustainability for the present and future into account. Before
water allocation can be effected, it is important to consider: (i) the sources of supply and the amount of water
each source is expected to supply; (i) the various demands of each use or user and their size; (iii) the costs
and benefits of supplying the allocated water to each use or user (World Bank 1998).

2. The need for water allocation

With water supplies dwindling all the time, both in terms of quantity and quality, and with population
growth, socio-economic development, droughts and higher standards of living, etc., the competition for
water resources is becoming fierce and will continue to be so in the foreseeable future. Factors affecting
water availability may be summarized as follows.

(a)  Water scarcity and droughts

Since, in becoming degraded, water from a particular resource becomes unavailable for uses that have
stringent quality requirements, water scarcity reflects both the quantity and the quality of available water
resources. Water scarcity may be the result of natural causes or human agency and it poses severe problems,
which are exacerbated by the increasing costs of developing new water, the wasteful use of already
developed water supplies, the depletion of groundwater resources, water pollution and its impact on human
health, and the massive subsidies and distorted incentives that are being made. Sustainable use of water—
resource conservation, economic viability, social acceptability, and the environmental friendliness and
appropriateness of technologies—is a priority, particularly in the water-scarce ESCWA region. If
sustainability is not prioritized, imbalances between availability and demand, degradation in the quality of
surface water and groundwater, and intersectoral conflict will become the norm instead of the exception.

There have been droughts in the ESCWA region, for example that in Egypt in 1987. In Iraq, Jordan,
Lebanon and the Syrian Arab Republic, there were recurrent droughts between 2000 and 2002. Measures
must be adopted to prevent drought recurring and to ensure that the region’s human-social and environmental
systems—and hence water allocation—are not affected. As with many other environmental issues, drought is
principally a socially constructed phenomenon: while ecological systems may adapt to recurrent periods of
water scarcity, this is not the case with human-social systems and the environments that humans have
altered. Furthermore, the inability to forecast droughts means that we shall remain vulnerable to them, and
that our response to them will be largely based on past experience. Pre-emptive measures are therefore
essential to cope with drought in the future.

The objectives of water-management policies and practices during periods of water scarcity should
depend on the causes of the water scarcity. When valuing water, a combined environmental, economic and
social approach is necessary, and when dealing with water scarcity, an integrated technical and scientific
approach is essential to develop and implement appropriate management practices. Water management under
drought requires measures such as avoiding water wastage; reducing demand; making water use more
efficient; and increasing public awareness of the proper use of scarce water resources. The requisite increase
in water supply in periods of drought can be achieved through: (a) increased storage capacity; (b) improved
conveyance and distribution systems that are specifically designed to reduce water wastage in the system; (c)
enhanced operation and maintenance; and (d) the development of new sources of water supply, including the
use of non-conventional water (treated wastewater, desalinated water, drainage water, etc.). Increases in
water supply should be accompanied by an increased emphasis in systems operation on both delivery (with
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modern technologies applied to reservoirs and the operation and management of supply systems) and water
conservation (with appropriate water-saving technologies).

(b)  Population growth

The major determinant of the availability of water resources is population growth, since this affects the
demand for water consumed by humans, livestock and industry. The high population growth rate of the
ESCWA region exceeds by far the rate of water-resource development. As a result, the annual per capita
share of water resources is decreasing at an increasing rate, with the per capita water share for the region
already well below water poverty/scarcity levels (see figure I). Indications are that half the member countries
of the ESCWA region have already exhausted their renewable water resources and are now exploiting non-
renewable reserves. As a result, water policies in future will have to consider the population as the main
target user of water resources, and any design for a water-allocation mechanism will need to satisfy both
existing and potential demands.

(¢)  Socio-economic development

Water is a basic human need—central to survival, critical for human health and productivity, and a
prerequisite for the alleviation of poverty; it is also an important input in production and a crucial
environmental asset. Water resources and water-resource management have an impact on a macro-economic
level, affecting both the structure and the performance of economies. Variability in water availability affects
economic performance, with agriculture being the most acutely affected sector, though other sectors are also
affected to some extent. Catastrophic events such as floods and droughts are the most obvious examples of
how water can affect real growth, but an underlying shortage of water (together with the economic and
political strains associated with it) also has a major impact on investment levels and as such is a considerable
constraint to sustainable economic development.

As was noted above, the demand for water is increasing and will continue to increase in the near
future, mainly as a result of rapid population growth and economic development. The population of the
ESCWA region is expected to grow at a rate of above 2 per cent per annum, while the economy will be
growing at an annual average rate of somewhere between 3 per cent and 5 per cent. The introduction of
technologies that facilitate access to water resources and the distribution of water, and the expansion of
insufficiently efficient irrigation in agriculture will contrive to deplete water resources further. Water will
therefore be one of the most important resources to constitute a constraint on economic growth in the region,
and optimal control of its allocation and the timing of this allocation will be critical issues for the region for
many years to come. In almost all the countries in the region, current water supplies will not be able to
support sustainable economic growth in the near future. Water scarcity is already hampering development
efforts in Egypt and Jordan, and countries such as Lebanon and the Syrian Arab Republic, considered to be
relatively resource rich, are also being affected increasingly, as water becomes more and more scarce (Oweis
2003).

(d)  Other factors
() Water quality

Different water uses have different water-quality requirements. Although the quantity of water needed
for some uses may be a small proportion of the water required for all uses, the quality requirements of these
uses may be much higher than those of uses that require large amounts of water—satisfying the water quality
requirements of one use does not mean that water-quality requirements of other uses are satisfied. For
example, alluvial and nutrient-rich water is beneficial in irrigated agriculture, but a liability for domestic use,
because of the negative health effects of high levels of nitrogen, phosphorus and bacteria. The industrial
sector also requires large amounts of high-quality water. Water quality is therefore one of the major
challenges in water allocation.
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(i1) Water wastage

Generally speaking, there are high levels of water wastage. Grass and other vegetation that would
otherwise perish in the region’s arid conditions are watered. More water is used than is needed in agriculture
and for a wide range of indoor uses, from toilets to dishwashers, showers and swimming pools. Much water
is lost in irrigation and municipal water-supply systems. Water that could be re-used after it has been used
once is not being re-used. We are also failing to take maximum advantage of opportunities to use surface
water and groundwater together (for example, by storing surplus surface water in wet years in aquifers for
retrieval in dry years). Water providers do not always coordinate their water-supply programmes with one
another, resulting in the duplication of facilities and plans. Cities are also not collaborating sufficiently
closely with farmers to improve efficiency in water use: a portion of the water used at the farm level could be
salvaged and sent to cities.

(iii) Conflict, complementarity and competition

Issues of conflict, complementarity and competition arise when all uses draw their water from the
same source (e.g., a river, groundwater). When water is abundant, water-quality problems are reduced: water
available for agricultural use in the form of streams or groundwater is also available for fishing, transport,
leisure, domestic use and other ends. However, when there is a shortage of water for irrigation, there is also a
shortage for other uses. Levels of pollution and salinity in the remaining water increase, as do the levels of
competition and conflict over it. The major types of interaction are summarized in table 4.

TABLE 4. CONFLICTS, COMPLEMENTARITY AND COMPETITION IN WATER USE

Municipal/

Agriculture domestic Industry Environment Transport Hydropower
Agriculture .
Municipal/
domestic o/+ .
Industry o/+ o/+ .
Environment o/+ o/+ o/+ X
Transport o/+ o/+ o/+ X X
Hydropower °/+ °/+ o/+ X X X

Source: Meinzen-Dick, R., and Bakker, M., 1999, ‘Complementarities, competition and conflicts’ in M. Bakker, R.
Barker, R. Meinzen-Dick and F. Konradsen (eds), Multiple Uses of Water in Irrigated Areas: A Case Study from Sri Lanka, SWIM
Paper 8, International Food Policy Research Institute/International Water Management Institute, Colombo, Sri Lanka.

Key

. Conflict and competition.
+ No conflict or competition.
X Complementarity.

Points to Note

(a) Agriculture to itself. Conflict and competition arise over the distribution of water for irrigation
between different parts of the agricultural sector and increase as water supplies become short. Water quality
is also an issue, because poor drainage increases the potential for a rise in salinity;

(b) Agriculture to all other sectors. Agriculture is complementary to all other sectors, since seepage
water can be used to recharge groundwater and thus supply other sectors. However, in most cases, especially
in drought years, agriculture competes fiercely against all other sectors for water, as certain quantities must
be set aside to satisfy the needs of those sectors. Conflicts over water quality also arise between agriculture
and the municipal/domestic, industrial and environmental sectors, because agrochemical run-off and the
minerals leached through water seepage and percolation contaminate water, making it unsuitable for use in
the other sectors named;
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(¢) Municipal/domestic and industry to themselves. Although the total amount of water needed for a
particular user may be small, municipal and industrial requirements are growing swiftly, and it is important
that they are met, in order to satisfy basic human needs and promote economic development. Any reduction
in supply or use of water above what is required is a potential source of conflict between different users at
tap level. Using more water than is required can lead to shortages and result in discomfort among users and
an increase in costs;

(d) Municipal/domestic and industry to all other sectors. Complementarity arises because wastewater
and surplus water spilled at the tap/pipe level can be channelled and used to supply other sectors. Over-
exploitation is the main source of conflict with other sectors, but problems with water quality, and with
contaminated domestic and industrial wastewater are growing, especially in developing countries;

(e) All other sectors to themselves. These have no or very little conflict or competition among them,
as all are non-consuming water users. They are complementary in the sense that the water used is returned to
the system and used by other sectors.

B. WATER-ALLOCATION POLICY ISSUES
1. Policy formulation

Water-allocation policies are intended to regulate the competing claims of agricultural, industrial and
household water consumption against a background of population growth, increasing food requirements,
industrialization and urbanization. Other important water claimants, such as hydropower, navigation, flood
control, fisheries, recreation and the environment, need to be taken into account. The water dilemma—to
produce more with less water—requires demand-management mechanisms that can reallocate existing
supplies, encourage more efficient use and promote more equitable access.

Water-allocation policies also determine how water should be allocated between competing uses.
Policies can be designed at the country or area/basin level; they can be made at the local level (e.g., for an
irrigation or city network); and they can change over time, reflecting fluctuations in water supply (both when
the water supply is adequate and in times of shortage). The water-allocation policies of any given country or
area/basin are strongly influenced by the adequacy of the infrastructure and by the social, economic and
political situation. The degree of flexibility to change from one water-allocation policy to another will
depend on the water-distribution system and the social framework, especially at the local level (Burton
1993).

The structure of any water-allocation system will be greatly influenced by existing institutional and
legal frameworks, as well as the water-resource infrastructure. Some forms of allocation are likely to require
specific sets of laws and regulations, specific organizations and a specific water-resource infrastructure to
operate effectively. Water-allocation policies and their criteria come in numerous forms, ranging from
complete control by the government to a mixture of market and government allocation, to predominantly
market allocation (although even the latter requires some sort of government support and intervention).

A number of approaches to water-allocation policy are available to governments. These range from the
option of ‘doing nothing’ or ‘postponing changes’, to the option of supply-oriented and demand-management
policies that use economic incentives (prices, taxes, fees, markets), to the ‘command and control’ option,
which imposes specific measures (regulations, quotas, instructions). The option of doing nothing or
postponing action, which is in fact a rational choice in some cases, constitutes a point of reference for the
impact of other policy actions, even though the cost of inaction could be great. If action is to be taken, the
choice is between the supply-oriented and demand-management policies, or the command and control
measures. In most cases, however, there will be a balance between the two options, both of which are
necessary to a certain degree (FAO 1995).
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2. Factors affecting water-allocation policy

The intrinsic characteristics of water make a large measure of public intervention inevitable. First,
economies of scale in the collection and distribution of water tend towards natural monopolies, and these
need to be regulated in order to serve the public interest. The fact that many investments in water are huge
and long-term often discourages private capital, necessitating large amounts of public investment. Secondly,
water uses in river basins or aquifers are inter-dependent, that is to say that users impose ‘externalities’ on
others that they ignore in their own decisions (e.g., discharging polluting effluent into a river causes harm,
inconvenience and cost to other river users). Thirdly, in some respects, water is a ‘public good’, in the sense
that it is impractical to exclude particular users or beneficiaries, and therefore impossible to apply charges for
such benefits that cannot be measured as improved navigation, flood control or reduced river pollution.
Fourthly, water is prone to ‘market failure’, which implies that some public involvement is needed. Finally,
water is vital to life, and certain water systems are of national strategic importance. Governments therefore
have a responsibility to manage water for the welfare of the nation, and this being the case, appropriate laws,
regulations, institutions and incentives should be put in place to underwrite the public interest, and
appropriate investments made whenever the market is not willing to do so.

Comprehensive reforms in the water sector, especially in water-demand management, will be
important in ensuring the success of water-allocation policies and measures in meeting new water demands.
The most significant reforms will involve changing the institutional and legal environment in which water is
supplied and consumed to one that empowers water users to make their own decisions regarding use of the
resource, while at the same time providing a structure that reveals the real scarcity value of water. Key
elements of these reforms will include appropriate water-allocation mechanisms (including the
decentralization and privatization of water-management functions), incentives (including the creation of
water markets and property rights), pricing reforms, reductions in subsidies, and licencing and regulations.

Critical for improvement in water-allocation policy is the recognition of water’s multiple uses. Rules
for allocation, water-distribution means, and designs for improvement require a better understanding of the
present pattern of water use. This can be achieved through a water-accounting procedure, whereby the
different uses of water are quantified and a better understanding of the relative quantities used by different
sectors obtained. The procedure classifies the various components of water balance by sector and gives an
indication of how water management is performing.

Another factor that has a fundamental impact on the formulation of water-allocation policy is human
perception. The perception in ESCWA member countries that governments must provide water to all users
free of charge is moulded mainly by religious belief, but also by the secular tradition of a long history of
sufficiency in water resources. Other factors influencing water-allocation policies relate more specifically to
the economics of water supply. Most analysts would argue that subsidies should be explicitly justified; that
water tariffs should be designed to encourage conservation and not simply to recover costs (which implies
that pricing should be at a sufficiently high level to move into the elastic portion of the demand curve); and
that some form of lifeline pricing should be adopted to provide water for the basic needs of even the poorest
households. This means that a sophisticated water-metering system must be in place if success is to be
attained.

3. Underlying principles

Water-allocation policies should be aimed at maximizing economic efficiency and equity—both social
objectives—so that water is available for consumption, sanitation and food production. Economic efficiency
is concerned with the amount of wealth that can be generated by a given resource base, equity with the
distribution of that wealth among the sectors and members of society.

The allocation of water to different sectors can be considered from a purely economic point of view, as
a portfolio of investment projects where water is the limited resource (capital), and economic sectors use the
capital and produce returns. In order to maximize the benefit to social welfare, the marginal value from the
use of the resource in an economically efficient resource allocation should be equal across all sectors (that is,
uses); in other words, the benefit derived from using one additional unit of the resource in one sector should
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be the same as that derived by any other sector. If resource allocation is not economically efficient, society
can benefit by allocating more water to the sector where the benefits, or returns, are the highest.

Resource allocation can also take equity as its objective, with equitable allocation across economically
disparate groups, whether or not this is consistent with the objectives of economic efficiency. In the case of
domestic water, for example, equitable allocation of water implies that all households, regardless of their
ability to purchase water, still have a basic right to water services. Meeting this objective will entail the
government’s providing subsidies or free service, or perhaps adopting a differential pricing structure based
on income.

C. THE ECONOMIC VALUE OF WATER
1. User value

User value is the value that can be derived from a single, specific use of water. Evidence indicates that
municipal and industrial users typically have the highest user values for water. Some urban households not
connected to the water network purchase water from vendors and often pay extremely high prices per cubic
metre for small quantities of water for domestic use. Increasing the amount of water supplied to such
households would be of great economic value, because water is very scarce for such users, and they are
willing to pay a great deal for it, even though their incomes are often quite low. (It should be noted,
however, that this extremely high water value is likely to pertain only to the small quantities required for
basic needs; figures should not be extrapolated for the greater quantities that would be used if cheaper water
were available).

The range of user values for water in agriculture, on the other hand, is in a much lower bracket. The
amount a farmer is willing to pay for water for irrigation is typically low and depends, among other factors,
on the crop being cultivated, the amount of rainfall, the prices of agricultural products, and the prices of other
inputs, such as fertilizer and labour. The user value for the large-scale irrigation of cereal crops such as
wheat is at the low end of the range, while the user value for the irrigation of high-value fruits and vegetables
is occasionally at the high end of the range, but depends to a great extent on market conditions and the
transportation costs of delivering produce to market.

2. Economic value

The economic costs of water are often conceived as simply the cost of building and maintaining the
infrastructure necessary to supply it; the water running through the system is generally not considered to
have a separate economic value. The economics of water-resource development under circumstances of
abundant supply focus on the least-cost analysis of water provision. Water scarcity, however, necessitates
recognition of the ‘opportunity cost’, the benefit that could have been generated if a resource (here, water)
had been put to its next best use, rather than being used for a particular purpose. For example, if a certain
amount of water is used to irrigate crops, the opportunity cost of this water is the lost benefit that could have
been generated, had that water been used for livestock, electricity production, or even to meet domestic
needs, whichever has the highest value. Where water resources are scarce relative to demand, and utilization
by one party precludes alternative uses by others, water-use decisions carry opportunity costs, sometimes
referred to as ‘scarcity rents’.

Water is in fact an economic good in itself, because it is both an element of production and a final
consumer product. If it is treated as such, the value of water will be reflected in the opportunity cost.
However, water should not be treated exclusively as an economic good: it is also a social good (because it is
a basic requirement for sustaining life and fulfils basic human needs) and an environmental good (since it is
a critical element of ecosystems). Treating water as an economic good simply acknowledges that water is a
valuable, increasingly scarce commodity. The economic consequences of its use should be understood and
weighed up, along with the social and environmental benefits, so that decision makers can grasp all the
implications of a particular allocation policy. In fact, a call to recognize water as an economic good enhances
rather than diminishes the importance of its social and environmental dimensions.
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One solution would be to allocate water resources to those users who generate the greatest value for
the economy, while charging them an economic price for the water. This revenue could then be spent in a
transparent and targeted manner on poverty-alleviation programmes (assuming there is sufficient capacity to
design and implement such programmes).

3. User values versus system values

The economic value of water is based on its user value, defined above. At basin level, the user can be
an individual, a group of individuals, or a country using water for a specific purpose, and in a specific place
and manner. User values may or may not be greater than system values. Optimizing basin management does
not necessarily mean that every activity undertaken must be a high-return one: the unique characteristics of
each basin and the interplay between activities in that area will govern water allocation. In particular, if
options for high-value use are available downstream, low-value, non-consumptive upstream uses may be part
of an optimal basin management plan.

The distinction between user values and system values may therefore be defined as one of scope. The
former focuses only on single uses of water, without taking into account the externalities and opportunity
costs that link water-use decisions to other activities in a basin. The latter aggregates all the user values
generated under a given management scenario and then incorporates the interactions, externalities and
opportunity costs that arise across the basin. The calculation of user values and system values can provide
insights into the potential benefits of co-operative basin management. Where system values are greater than
user values, there is strong incentive for co-operative management.

D. THE IMPACT OF SECTORAL WATER ALLOCATION

Reductions in water availability affect agriculture, municipal, industrial and other uses: wells dry up,
crop and livestock production are reduced, domestic water supply becomes insufficient and unreliable, and
the concentrations of pollution and salinity in the remaining water increase. Moreover, water scarcity as a
result of drought or other causes increases the level of competition and therefore conflict over water.

1. Economic impact

Countries regularly faced with water shortages usually adopt policies designed to act as a buffer
against the impact of shortages on their economies. For example, to reduce the economic impact of
hydrologic variability (high fluctuations in water supply), countries adopt policies that promote food security
(the capacity to secure food supply through trade or production) rather than food self-sufficiency (production
of all food needed within the country itself). The structural shift away from agriculture production to trade,
particularly if imports of water-intensive and drought-sensitive crops are increased, then mitigates the
economic impact of fluctuations in water supply. Similarly, structural shifts away from water-intensive
industries could decrease economic vulnerability to hydrologic variability.

Water-demand management during periods of scarcity includes a variety of practices and decisions:
process-related decisions (agronomic, industrial, etc.), economic and technical decisions (to reduce water
requirements), and the adoption of practices leading to water conservation and savings (both of which reduce
the demand for water while increasing the return per unit of water used). ‘Virtual water’ is an innovative
approach to water-demand management; commodities that have a large amount of water ‘virtually’
embedded in them during the production process can be imported, so that production in the area to which the
import is made can be focused on other commodities that require less water. However, the impact of policies
on large, market-oriented businesses can be very different from that on small, family-run enterprises oriented
to producing products consumed mainly locally. Such enterprises are in the majority in water-scarce areas.
The businesses may easily adapt to new market conditions, but the enterprises do not generally have the
means and flexibility to change their production systems. If virtual-water policies were implemented without
appropriate support for the enterprises, the economic and social impact policies would be enormous.
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2. Social impact

Water allocation will be a driving force behind the social policies of the ESCWA region in the future.
The reallocation of water away from agriculture will displace the non-negligible portion of the labour force
currently employed in agriculture. The high proportion of young people in the population indicates that there
will be a substantial increase in the labour force over the next few decades, part of which will most likely be
seeking employment in the agricultural sector. The creation of new jobs in agriculture, however, will depend
on the availability of water resources. If water resources were to become available, this would assist in the
reclamation of land and the establishment of new settlements. Reallocation of water that removes the
constraints of hydrologic variability could also act as a powerful catalyst to economic development and
investment, especially for small and medium-size industries. The creation of such industries would offer new
employment and opportunities and therefore improve the general welfare of the population.

In order to avert the social unrest that could be generated by a scarcity of water resources, it is
important that existing water resources be used and allocated more efficiently, by adopting sound economic
decisions compatible with the twin social objectives of economic efficiency and equity. Indeed, many water-
allocation schemes attempt to take these principles into account.

3. Drought-related impact

In drought-prone areas, investment patterns reflect risk-averse behaviour: individuals, entrepreneurs
and States will make location, investment and production decisions that lessen vulnerability to water shocks.
Many of these decisions will improve efficiency by citing activities where they are most economic and by
adopting appropriate technologies, but others may act as a brake on investment, because the risk relative to
potential returns will be high. Individuals will attempt to mitigate the risks posed by drought, or adopt
strategies to cope with it, for example, farmers may shift crop mixes or alter production technologies. If,
however, it is uneconomic or unfeasible to implement measures that substantially mitigate the risks posed by
droughts and hence variability in output, farmers are less likely to invest in land improvements, capital-
intensive inputs or production technologies. This will be compounded by the fact that most farmers have
insufficient means and are often unwilling or unable to access capital to improve their lands or production
techniques (Pereira, Oweis and Zairi 2002).

To address the risks associated with droughts, manufacturing and service industries are likely to be
located in areas with sufficient, reliable water supplies and to adopt water-saving technologies when there
are economic incentives for doing so. Fewer enterprises will invest where water supply is unreliable, and
those that do will often construct their own water supplies. As standard coping strategies, these independent
water supply arrangements raise the cost of production and affect competitiveness and profitability. Water is
frequently drawn from groundwater without adequate regulation or monitoring, which can lower the level of
the water table and compromise the quality of groundwater. In addition, when major users, such as urban
industries and wealthy individuals, make their own water provisions, municipal utilities are not able to take
full advantage of economies of scale in production and distribution. This results in poor maintenance and
operation, increased tariffs, and the inability of utilities to extend service coverage. All of these factors affect
the performance and structure of the manufacturing and service sectors.

Countries unable to mitigate the effects of droughts and minimize the risks they pose to their
economies will see their economic growth, investment incentives and capital availability constrained. To
break out of this trap, these countries will need to address the risks generated by droughts, by implementing a
diverse portfolio of policies and investments. The structure of their economies will need to be strengthened
in order to make them more resilient to the risks of drought. Strategies could include improving water-
resource management (such as seeking conservation and efficiency gains and developing source and storage
solutions); placing greater emphasis on food and energy security (rather than self-sufficiency); encouraging
trade and agricultural production patterns less vulnerable to hydrologic variability; and seeking to generate
employment and growth in less water-dependent sectors. At the same time, economically, socially and
environmentally sound investments in river-management infrastructure could be made nationally and
internationally, on shared river systems.

17



IV. WATER-ALLOCATION MECHANISMS, SUPPORTING
POLICIES AND MEASURES

A. WATER-ALLOCATION MECHANISMS
1. Criteria for water allocation

Appropriate means of water allocation are necessary to achieve optimal allocation of what is a scarce
resource. A number of criteria, which are often interrelated, come into play in planning and managing water
systems, and the emphasis placed on any one of these criteria by different countries will vary (FAO 1995).

(a) Flexibility in the allocation of supplies allows water resources to be shifted from use to use and
place to place, as demand changes. Flexibility in water supplies makes it possible to equate marginal values
over many uses at the least possible cost.

(b) Security of tenure for established users is needed, so that these users can take the necessary
measures to use a resource efficiently. Security does not conflict with flexibility, as long as there are reserves
available to meet unexpected demands.

(c) Paying the real opportunity cost of providing a water resource is a requisite, as it allows externality
problems to be internalized. Such a path would allow water allocation to take into account environmental
uses that do not have a market value, such as providing a habitat for wildlife. It would also direct utilization
of the resource to activities with the highest alternative values.

(d) Predictability of the outcome of the allocation process would allow allocation to be optimized and
promote investment. It would also minimize uncertainty and therefore lower transaction costs.

(e) Equity in the allocation process is necessary in order to provide equal opportunity to every
potential user of a resource. The burden of policy impact should be distributed fairly among the various
socio-economic groups. Disadvantaged groups, such as women, poor households or small farmers, who
previously received supplies considered to be inadequate or obtained at high personal or social cost, would
benefit from policy reforms and would not find themselves worse off.

(f) Political and public acceptability are required in order for water allocation to be allowed to serve
its purpose and accepted by the various segments of society. A policy is more likely to be acceptable if it is
seen to be tackling a severe problem; if its costs and benefits are equitably distributed; if there is a strong
lead from prominent political and community figures; if it is accompanied by adequate publicity; and if the
population is well informed and public-spirited.

(g) Efficiency is required so that the form of allocation can change existing undesirable situations
(such as the depletion of groundwater and water pollution) and assist in the drive towards desired policy
goals. The efficiency criterion requires that the economic benefits of policies exceed their costs. For instance,
in the case of the development of new water supplies, the value of the water produced should exceed the cost
of production (including the environmental costs). As far as conservation measures are concerned, reduction
in consumption is worthwhile, as long as the unit value of the water saved exceeds the cost of providing it.
Efficiency applies also to policies involving the reallocation of water between different users, such as within
the agricultural sector, or from agricultural to municipal or environmental use. Reallocation to higher-value
uses will produce net social benefits corresponding to the difference between the value of water in its old and
new uses.

(h) Sensitivity. Water is a sensitive topic in most societies, and reforming public behaviour towards
water is a difficult task, with substantial political and administrative costs. It is therefore important that
policies should have a commensurate pay-off in the form of effective fulfilment of their goals. To increase
water prices, the clearest measure of response is the elasticity of demand in respect of price changes. Higher
charges for water use could be accompanied by a campaign of public information and education, subsidies
for the installation of water-efficient facilities, and free advice on reducing consumption and waste.
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(1) Public health and nutrition should be ensured, as millions of poor people still lack access to safe
water and do not have proper sanitation. Inadequate sanitation and the provision of clean water remain the
most serious environmental problems, as far as human suffering is concerned. Public health should greatly
benefit from good water systems that provide adequate coverage of water supply, sanitation, and safe
disposal of used water.

(j) Administrative feasibility and sustainability should also be ensured, so that allocation mechanisms
can be implemented and policy not only continues to be effective, but also increases in effectiveness.
Operating a policy must be within the administrative capability of the public authority involved: new policies
will be worthless unless their implementation is monitored and enforced. For instance, metering supplies
requires staff to undertake household visits and billing. A drive for conservation needs to be backed up by
qualified staff to advise households, industries or farmers on technology and better water management and
use. By the same token, supply-augmentation schemes will not necessarily be as easy an option as first
appears if they require intensive monitoring and maintenance. Policies that make a long-term impression on
water use, such as technological adaptations and changes in user habits, are more sustainable.

(k) Fiscal impact should be evaluated, as many countries with serious water problems also have weak
public finances. A sustainable policy would be one with a positive impact on the finances of central or local
government, such as an increase in revenue, a reduction in subsidy, or the avoidance of major capital
spending. The fiscal yield of a specific price adjustment will depend on the price elasticity of demand.

() Environmental impact should also be evaluated, as the supply, use and disposal of water are
potentially major operations. Dams and reservoirs, aqueducts, river diversions, major irrigation schemes,
industrial and municipal take-off, groundwater pumping and so on can have a major hydrological impact,
which could affect both present and future generations and wildlife. The same applies to the disposal of
wastewater and the contamination of bodies of freshwater through agricultural run-off, industrial effluent and
unprocessed sewage.

(m) Policy reforms are required, particularly in agriculture, as sustainable agricultural development
depends on sustainable water use. As private-sector discipline is applied to irrigation and more user
participation occurs, policy makers are finding that (i) agencies are becoming more supportive of farmers’
own efforts and less inclined to make all key decisions and then inform farmers of these decisions; (ii)
managers are seeking more consensus on priorities, more information about the basis of decisions and a
common view of external factors affecting management; (iii) irrigation schemes are seeking and receiving
more autonomy; (iv) the financial responsibilities and accountability of managers is increasing; and (v)
managers are focusing less on ministries and governments, depending on the amount of money they are able
to generate through service fees.

Other criteria may also be relevant in particular circumstances, such as the impact on food self-
sufficiency, regional development, the urban-rural balance, a desire for self-sufficiency in water, etc.

2. Water pricing

Water pricing is among the various measures that are used to encourage the efficient use or allocation
of water resources, and many countries are already engaged in water-pricing reforms. These reforms have
encompassed all areas, from irrigation to urban and rural water supply. Generally speaking, existing methods
of water pricing can be classified into volumetric and non-volumetric methods. Volumetric methods, such as
single-rate, tiered (multi-rate) and two-part tariffs, or market-based prices, rely in one way or another on the
quantity of water used, and hence require a water-metering facility. Non-volumetric methods are based on
outputs or inputs other than water; per area pricing, which is based on the area cultivated or irrigated, is an
example of this (Tsur 2000). Among the pricing reforms often suggested is pricing water at its marginal cost,
which involves setting the unit price of water to equal the marginal cost of supplying its last unit.

Water supply charges typically include the collection of water, its transport to a treatment plant, its
treatment to meet quality standards, distribution to customers, and monitoring and enforcement. If there are
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higher costs in allocating water to some uses as opposed to others, then the price needs to be differentiated so
that it can be equivalent to the relevant marginal cost of providing the water to each type of use. Efficient
intersectoral water allocation can be realized with value-based pricing at the subsectoral level. Major change
is therefore required in the pricing systems and other economic incentives affecting water demand and

supply.

Desirable practices such as conjunctive use, water-saving agriculture and industrial technologies,
water transfers and water recycling—in other words, water conservation and optimal water utilization both
within and between sectors—only emerge when an individual or decision-making entity (water-user
associations, industry, etc.) perceives that there is a constraint on the water available to it. For this reason,
economic instruments that provide appropriate incentives for both service providers and users should be put
in place. Water charges should ideally be based on the full cost of development and supply of water (both
capital and operation and maintenance costs). If this is not possible, the water charge should at least cover
operation and maintenance costs, while keeping the covering of capital cost as a long-term goal.

Most member countries of the region use so-called ‘increasing-block tariffs’, which allow customers
who use small quantities of water from a connection to a piped network (and who are often poor) to benefit
from low unit tariffs, while customers who use large quantities from the network (and who are often wealthy
individuals, hotels, businesses and small industries) pay higher unit tariffs. Tariffs are set at an appropriate
level for families, depending on their level of water consumption. For some cities in the ESCWA region,
such as Sana’a (Yemen), where water consumption is much lower, the actual average tariffs are much lower
than the tariffs typical in the region. Tariffs are highest in Ramallah on the West Bank, but more than ten
times lower in the Syrian Arab Republic and Egypt. In Egypt, the monthly water-utility bill can be as low as
USS$ 1, while in Ramallah it is close to US$ 20. Municipal water use is metered in most countries, with the
exception of Lebanon where most cities do not have water meters and a countrywide levy is applied. This
levy is a flat-rate tariff that is independent of the level of water use and provides no incentive for
conservation. Sewerage tariffs throughout the region tend to be even lower and are typically only a fraction
of water tariffs.

The key areas where subsectoral reform is required are as follows:

(a) Irrigation pricing. The most pressing need for subsectoral reform is within agriculture, which is
responsible for more than 80 per cent of water use in the ESCWA region. Although the problem is well
known, irrigation water charges are still extremely low, stagnant, and not set in a volumetric manner in most
countries in the region. There is therefore a need to set up proper water charges, and there is no avoiding this
difficult step. The first essential objective should be to raise water charges so that they can cover operation
and maintenance costs. As a longer-term objective, water charges would also need to be increased to cover
depreciation and interest on capital, but covering operation and maintenance costs would be a sufficient
target in the short term.

(b) Water supply pricing in urban and rural areas. Urban areas could benefit from a review of existing
tariffs and subsequent implementation of a programme that improves incentives for water conservation and
enhances revenue from domestic consumers. Volumetric charging should be applied, including practical
mechanisms to apply metering more generally. In rural areas, new water-supply and sanitation strategies
should be formulated to rectify problems that arise from current water-subsidization policies, such as a lack
of community involvement and the centralization of water management in rural areas.

(c) Groundwater pricing. Charges for groundwater are currently not properly established in all
countries of the ESCWA region. Moreover, such charges are not volumetric and are well below the cost of
provision; they are even set at zero in some countries. In addition to the enormous fiscal burden this entails,
such policies have also contributed to water wastage and misuse. Features of reform programmes relevant to
groundwater management should include tariffs that cover the energy costs of retrieving the water and the
installation of meters. Options to make volumetric charging easier could include a block approach—selling
water to water companies by volume and leaving them to arrange distribution and charging amongst their
clients according to usage. It would be much easier to implement changes in groundwater pricing if the
public were better informed about the environmental and fiscal issues involved, and the risk of unsustainable
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consumption resulting from overextraction from groundwater resources. Jordan, Bahrain, Saudi Arabia, the
Syrian Arab Republic and Yemen have installed a metering system for groundwater use.

3. Public allocation

Public or administrative intervention in the development and allocation of water resources is required
because (i) it is difficult to treat water as a market good; (ii) water is usually perceived as a public good; and
(iii) large-scale water development is generally too expensive for the private sector.

The majority of large-scale irrigation systems rely on public allocation, with the State deciding what
water resources can be used by the system as a whole, and allocating and distributing water within different
parts of the system. Public water-allocation mechanisms in the domestic sector include both municipal water-
supply providers and many rural water-supply and sanitation programmes. Public allocation also dominates
industrial water uses through the granting of permits, and the regulation of water withdrawal and effluent
discharge by individual companies and industries. In Egypt, the Syrian Arab Republic, Oman and Yemen
water-user associations have been involved in the public allocation process, which has enhanced the water
share of various parties and hence improved water allocation overall.

Some issues relating to water that establish a role for government intervention and action in water
allocation are as follows:

(a) The large capital requirements and economies of scale achievable in a water infrastructure tend to
create natural monopolies, which will require regulation to prevent overpricing;

(b) The large size and extremely long-term nature of some investments, given underdeveloped capital
markets and the potential for political interference in many water infrastructure investments, reduce
incentives for private investment in the sector;

(c) The uses of water within a river basin or aquifer are interdependent. Withdrawals in one part of
the basin reduce the availability of water for other users; groundwater pumping by one user may lower the
water table and increase pumping costs for all users; and pollution by one user affects others in the basin,
especially those located downstream;

(d) Some activities relating to water, such as the control of floods and water-borne diseases, are
public goods for which individual uses cannot easily be charged;

(e) Water resources are often developed because of their strategic importance for national security
and for regional development. Governments typically maintain ownership of water thoroughfares, providing
services such as protection and traffic regulation.

Any public water-allocation mechanism will therefore have no single objective. Although a national or
State agency may consider other approaches, public water-allocation mechanisms are far more likely to be
preoccupied with equity, sovereignty, and an overwhelming concern to satisfy the greater public good.

With public allocation, market mechanisms of water supply via transfers of water titles are replaced by
subsidized water-supply development, with the result that prices do not reflect either the cost of water supply
or its value to the user. Furthermore, while the State as a whole may have responsibility for overall water
use, most agencies dealing with water resources have responsibility only at a sectoral level (e.g., dealing with
irrigation, or drinking water, or industry, or the environment). Such executive agencies have neither the
mandate nor the incentive to create integrated projects, or to balance the needs of various users.

4. User-based allocation

Farmer-managed irrigation systems provide one of the clearest examples of user-based water
allocation. Studies have shown a wide variation of rules for allocation within such systems: by timed
rotation, depth of water, area of land, or share in water flow. In the domestic water-supply sector, user-based
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allocation is seen in community wells and hand-pump systems, as well as in the growing number of more
complicated systems managed by water and sanitation associations. Intersectoral user-based allocation is
seen in the management of village tanks (ponds) or other local water sources used for domestic water,
irrigation, and even animal watering.

User-based allocation has the potential to achieve high efficiency of water use. It requires institutions
that are capable of collective action and have the authority to make decisions on water rights, and its effect
on water conservation depends on local norms and the strength of these institutions. It is easier for such
institutions to organize collective action to increase their water supply (which represents a positive-sum
activity) than to distribute water amongst themselves (which is at best a zero-sum activity). However, if the
institution does not actively promote efficient use of water, the allocation mechanism will have little effect in
the area of water-demand management.

A major advantage of user-based allocation is its potential flexibility to adapt water-delivery patterns
to meet local needs. Because those directly involved in water use, whether for agriculture, home
consumption, or industry, have more information on local conditions than the agency staff possess, they do
not have to rely on rigid allocation formulae. For example, certain fields may be given more water than
others, depending on the water-retention capacity of their soil. User organizations may also take into account
local needs, such as watering animals, washing clothes, bathing, or other small enterprises—needs that a
sectoral agency would have no mandate to meet. The result can be an improvement in output per unit of
water, or in equity, or both. Further advantages of user-based allocation may be summarized as political
acceptability, and administrative feasibility and sustainability.

For user-based allocation to operate, institutional structures need to be very transparent, which may
not always be the case. Local user-based institutions can be limited in their effectiveness for intersectoral
allocation of water, because they do not include users from all sectors. For example, a village community
may readily identify with the needs for domestic use, animals and irrigation (though the particular interests
of different groups within the village—women’s greater interests in domestic water, pastoralists in supplies
for animals, farmers in irrigation—will differ). Industrial demand, however, is often seen as ‘outside’ the
local community, and therefore not amenable to user-based allocation. Even when there is no intersectoral
competition in a particular location, but municipal and industrial demand in one area needs to be co-
ordinated with irrigation in another, user-based allocation can work, through federations of user groups.

5. Transaction costs

A fundamental determinant of the effectiveness of water allocation is the level of transaction costs
incurred in the allocation process. Transactions costs are the costs that arise from obtaining information,
forging agreements or making contracts, and monitoring and enforcing those contracts. They occur in any
water-allocation process, particularly when water is reallocated between individuals and sectors, and include
(a) the costs of identifying beneficial opportunities for transferring water; (b) the costs of negotiating water
transfer, or the costs to administration of deciding on the same; (c) the costs of monitoring possible third-
party effects and other externalities; (d) the infrastructure costs of actually conveying the water and
monitoring transfers; (e) the infrastructure and institutional costs of mitigating, or eliminating possible third-
party effects and externalities; and (f) resolution of conflicts that arise during water reallocation.

6. Experiences from various countries

The allocation mechanisms described above have been applied, in whole or in part, to different sectors
and in different locations. The case reviews below provide lessons that could usefully be considered when
implementing allocation mechanisms in future.

(@)  Marginal cost pricing

France. In the southern part of the country, an irrigation scheme is in place that relies on marginal cost
pricing. This pricing recognizes the need to take long-term costs into account if farmers are to make ‘correct’
investment decisions in respect of land, cultivation, crops, irrigation equipment and storage (and, indeed, if
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the scheme itself is to take the correct path in respect of work on new water resources). To set up the tariff, a
peak period lasting for five months from mid-May to mid-September was identified, and in setting the tariff
the following rules were applied: (i) during the peak period, the price was set as the long-term marginal
capital cost, augmented by the operating costs, of supplying the water consumed; (ii) during the off-peak
period, the price was set as the operating cost only of supplying the water consumed; and (iii) fees were
applied to reduce polluting discharges. The development costs of the infrastructure that brings the water from
source to field (which in theory should likewise fall during peak periods in line with irrigators’ demands) is
in fact merged with operating costs in order to establish a single year-round volumetric charge. This system
resulted from an examination of the way in which water was consumed, its distribution between peak and
off-peak periods being well known. The advantage of the system is that it simplifies pricing and facilitates
the use of a single meter reading. In other sectors (urban, industrial), the price was again set as only the
operating cost of supplying the water consumed. Off-peak demand thus has no role in determining
responsibility for capital-cost recovery, as the economic theory of peak demand dictates.

(b)  Public water allocation

United States. At the turn of the twentieth century, there was a strong feeling that the large western
rivers should be brought under control to a certain extent. The Bureau of Reclamation was created and it
undertook the building, operation and maintenance of dams, reservoirs and canals to support irrigation
expansion in the west of the country. The Bureau has authority to allocate water for irrigation, for nearby
towns and cities, and for hydroelectric power, but it has no rights to the water itself. Rather, it has control
and management authority of the water-distribution and storage systems and sets the charges (although these
charges cannot amount to more than the capital and operation and maintenance costs). After it was proposed
that there should be federal assistance in settling the arid west of the country, a fund to subsidize reclamation
was set up; this was a revolving fund to which costs could be repaid within ten years. It has since evolved
into a programme that provides major subsidies to irrigation water users—sometimes more than 90 per cent
of construction costs. The programme has resulted in more irrigation in the west, but at a cost. While many
private investments in irrigation in the west failed, the government continued to subsidize irrigation and
averted farm failures by extending repayment periods, deferring repayment, and sometimes waiving
repayment altogether. These subsidies have led to the inefficient use of land and water resources (as well as
capital, labour and materials), and the costs of many subsidy-supported project sites have far exceeded the
benefits.

(c)  Water markets

Chile. The water code of 1981 established a system of water rights that are transferable and
independent of land use and ownership. Water rights are defined as permanent (from unexhausted sources)
or contingent (from surplus water), and as consumptive or non-consumptive. The most frequent transaction
in Chile’s water market is the ‘renting’ of water between neighbouring farmers with different water
requirements. This is also termed a ‘spot market’, in which an owner sells a portion of his or her water,
usually over a brief period of time (perhaps even hours), sometimes without fulfilling formal, legal
requirements. Although the volume of sales may not be metered, the buyer and seller have good information
on the amount exchanged. Compensation may be in kind, or in some other form of monetary or non-
monetary benefits. The formal buying and selling of water rights requires legal sanction and registration, but
prices for such rights are left to buyers and sellers.

United States. A water bank is an institution that offers to buy and sell water in a given service area
under a specific set of rules regarding prices and quantities. Water banks can mark up water prices to cover
transaction costs and to compensate the water’s area of origin. A water bank that could facilitate the transfer
of water rights with a minimum of environmental degradation was set up in California, with the aim of
transferring water from the agricultural sector in northern California to the urban, municipal and agricultural
sectors in southern California. The water bank ensured that (i) all transfers were voluntary; (ii) fish and
wildlife were protected; (iii) groundwater basins were protected; (iv) water was used efficiently in the
receiving areas; and (v) the rights of present water-rights holders were protected. The direct and indirect
effects of the water bank were analysed. Positive effects include increased income in receiving areas, but
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negative indirect effects were noted on soils and wetlands, and there were third-party effects in the form of
unemployment in the selling areas.

(d)  Mixed allocation systems

United States. In Southern California, pragmatic, diverse, decentralized, and to a large extent
successful approaches to groundwater management have evolved over time, as water users and local
governments have responded to the depletion of groundwater resources and degradation of the environment.
Four principles govern groundwater rights in California: (1) owners of the land lying over groundwater have
rights to the reasonable use of that groundwater; (2) these landowners have correlative rights to water and
share proportionately in reductions in water supply in the event of shortages; (3) appropriators (those
pumping groundwater who do not own the land lying over it) all occupy a position in a seniority system,
with reductions in water use imposed first on junior rights holders; and (4) owners of the land lying over the
groundwater have a superior right, compared with that of appropriators, to water that may be deemed for
their reasonable use, and appropriators have a right to the surplus remaining, if any. Solutions for
groundwater management are not imposed, or even considered, unless a management problem exists, thus
preventing interventions that can derail efficient utilization of the groundwater. The negative effect of this is
that the move toward solutions often does not begin until significant damage to the groundwater resource has
been done, in large part because of the difficulty in obtaining information about the status of the aquifer.

Jordan and Yemen are maintaining the safe yield of groundwater aquifers by setting up regulatory and
financial measures to control and reduce overextraction.

(e)  User-based allocation

Indonesia. The irrigation associations of the Subaks of Bali are one of the best examples of user-based
allocation (Dinar, Rosegrant and Meinzen-Dick 1997). Discovery of the sophistication of their systems
provided the basis for some of the early challenges to assumptions that State management of irrigation was
necessary. The irrigation associations have developed and constructed their own irrigation systems with very
little external assistance. The systems have been sustained over time by elaborate management rules and
practices that specify the obligations of each association member in terms of labour and cash towards
operation and maintenance, including periodic rehabilitation. A key feature of these associations is the tektek
principle, which is the proportional allocation of water to each individual member. The tektek share is based
on a proportion of flow through diversion structures. There is a strong emphasis on equity, and the allocation
takes into account the role of individual farmers in the association, distance from the intake, initial
investment, soil conditions, and transfers of water rights among members. The system exhibits also a high
degree of flexibility and responsiveness to negotiations among members.

Egypt. At the town of Balaktar in the Beheira governorate, a user-based association has been set up
among the farmers to manage a new water-channelling system, which is equipped with control gates. The
farmers of the user association allocate among themselves without wastage the amount of water needed by
every farm. This is an excellent example of user-based allocation that engenders in everyone concerned a
sense of belonging (2000 ).

Portugal. The practical application of water rights in day-to-day distribution is a sensitive matter:
efficient and fair allocation can result in inefficient and unjust distribution. Rules developed in Vila Cova—
an agricultural communal village—in Portugal form the basis of distribution of water among users. Issues
such as the beginning and end of the irrigation period, losses in canals, the time it takes water to travel, user
sequence and the night rota, are addressed with various arrangements that involve the community priest and
other community institutions. For example, once it has been decided which user will start the summer
irrigation, a clock is put in the window of the priest’s house to show the length of time over which irrigation
should take place, and when the flow should be diverted from one user to another (Dinar, Rosegrant and
Meinzen-Dick 1997).
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B. SUPPORTING POLICIES AND MEASURES

Decisions on allocation and investment tend to be made with only limited reference to economic
analysis and assessment of the alternatives. They tend to be administrative in nature and are made on an ad
hoc basis, rather than through a comprehensive planning process involving the relevant stakeholders.
Allocation mechanisms, where they exist, are usually inadequate to satisfy pressing needs for water when
they arise, without adversely affecting existing users and the environment. Allocations of water to various
sectors are largely circumscribed by history, and reallocations are increasingly being made according to a
prescribed order that prioritizes certain uses. The criteria used to make such allocations have rarely included
consideration of the relative value of water in its various uses or sectors. Reallocations of water, typically
from agriculture to domestic or industrial consumers, are achieved through compulsory acquisition and
usually without compensation. The critical constraint to success in this area is the lack of a comprehensive
analytical framework or decision-support system that encompasses all water-using sectors and facilitates
appropriate pricing and allocation decisions in line with considered development objectives. Better
integration of social and economic considerations in water allocation and management will thus require
complementary development of institutions, planning and analytical capabilities.

1. Economic, social, institutional and regulatory measures

Most water-allocation systems avail themselves of a combination of water-allocation mechanisms,
since each individual mechanism has its advantages and disadvantages. Efficiency is an important goal, but
an allocation mechanism that is considered efficient is often hard to implement and requires supporting
institutions and infrastructure, as well as expensive monitoring and enforcement systems. Water allocation
that pursues economic efficiency therefore requires commitment at the highest levels, and the expense of
monitoring and enforcement systems justifies such commitment. However, this expense is actually a social
cost, and when the expense is too great, it may not be economically efficient to pursue what would otherwise
be deemed economically efficient allocation methods.

In the ESCWA region water is becoming scarce in quantity and inadequate in quality, mainly owing to
ever-increasing demands that persistently exceed available supplies. Some of the challenges that are facing
the ESCWA region are common to many other regions in the world; others are region-specific. All have to
be addressed and assessed correctly for water-resource allocation to be planned properly. Although
agricultural activities are the dominant consumer of water resources in the ESCWA region, the global
average for agricultural consumption during the twenty-first century is anticipated to maintain a level that
does not exceed 65 per cent.

A number of countries are already trying to develop much needed allocation-oriented policies and
mechanisms. Intersectoral allocation priorities have been established either by law or by declared policies in
all countries advancing towards this objective. High-level intersectoral and inter-ministry mechanisms (e.g.,
water-resource councils) have been formed to bring about an integrated water-sector perspective and to
resolve allocation conflicts. The most successful countries either have or are developing national water plans
that provide the necessary technical framework for fine-tuning intersectoral and interregional water
allocation patterns.

Worldwide, most countries, even those with tradable private water-use rights, have asserted the overall
regulatory and allocable rights of the State. Some countries, however, have explicitly recognized private
water-use rights, and several are already in the process of establishing transferable rights. Countries have
begun to recognize the functional distinction between the centralized mechanisms needed for coordination
and enforcement and the decentralized arrangements needed for user participation and local-level solutions.
The key feature of the ongoing process of decentralization is the increasing importance attached to river-
basin organizations at the sectoral level, to turn-over programmes in the irrigation subsector, and to utility-
type bodies in the urban water subsector. The main mode of decentralization in the irrigation subsector is
irrigation management transfer, under which managerial responsibilities, including cost recovery and system
maintenance, are transferred to legally registered water-user associations. Decentralization in the urban water
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subsector manifests itself in autonomous organizations responsible for water provision that are financially
self-dependent and similar to utilities.

Privatization is linked to the decentralization of the urban water subsector just as user participation is
linked to the decentralization of the irrigation subsector. However, given the role of the private sector in
financing the water sector and technological development, as well as the necessity of user participation in
water planning and allocation, privatization and user participation can together transcend sectoral boundaries
(Saleth and Dinar 1999). The role of the private sector in investment in, operation of and maintenance of the
water supply is being increased in the countries of the Gulf Cooperation Council and Yemen; in Bahrain,
Egypt, Jordan, Lebanon and Yemen, the private sector is being enrolled in the management of water utilities.

Implementing water-sector reforms must take into account the fact that water is a public good and is
important as a basic need for all segments of the population. Most fundamental is the provision at affordable
rates of at least the necessary minimum quantities of safe and reliable drinking water to rural and urban
consumers, particularly the poor. The pricing structure should reflect this, and various mechanisms to
achieve this exist, including multi-tiered pricing based on income and subsidies directed to consumers or
suppliers. Unfortunately, in developing countries, this approach has often been misdirected towards
providing subsidies to wealthy citizens. Wealthier urban consumers often pay less for water than the
extremely poor, who have no access to running water and are compelled to buy from private vendors at a
much higher unit cost. For the general consumer—farmers, urban and rural households, industries, etc.—the
prices currently set for water are insignificant relative to the value of the benefits derived from its use.

2. Licencing and permits enforcement

Licences and permits are control mechanisms that grant the water user the right to withdraw a certain
quantity of water usually at a fixed annual rate of extraction. They may contain other specific restrictions and
particular stipulations to optimize extraction rates. (Problems of overextraction often occur because users
have no incentive to optimize their long-term rate of extraction, as leftover water can be taken by other users
or potential future users.) These instruments are used to encourage reduction in consumption and wastage
(including water-transmission losses) so as to improve water availability, raise efficiency and generate
savings, especially in urban water service and delivery, and household and industrial water use.

The concept of the tradable permit, both in the form of water-pollution allowances and water-
abstraction rights, has been used in water-resource management in a number of countries, especially in
regions suffering from water stress. Tradable permits are an efficient tool for allocating water among
competing demands and a cost-effective way of reducing water pollution. Key lessons that emerge from
experience include the following:

(a) Trading permits can be put in place when water is decoupled from land ownership;
(b) Temporary or seasonal trades are more frequent than permanent trades;

(c) The potential for trades in pollution allowances between point sources and non-point sources
(e.g., agricultural run-offs) need to be explored further;

(d) Water cannot be defined purely as a private good, and its treatment as a homogeneous tradable
commodity can face social resistance;

(e) Trading schemes need to be adapted to existing local institutional frameworks for water
management.

Permits and licences have been used in the ESCWA region, but mostly in connection with
groundwater-resource management. Most countries provide licences and/or permits specifying the amounts
of water to be withdrawn, but very few are able to use them as an effective tool to control the quantity of
water withdrawn. In Yemen, as well as water being transferred away from agricultural use, regulation has
been introduced into the water market.
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3. Fiscal, investment and other policies

Other instruments being used in the water-reform process include fiscal, investment and other policies
aimed at encouraging better efficiency of water use. The possibility of restructuring domestic and irrigation
water tariffs to cover at least operation and maintenance costs is being investigated in Bahrain, Egypt,
Jordan, Lebanon, Palestine, the Syrian Arab Republic and Yemen.

(a) Subsidies. One of the easiest ways to improve the efficiency of water use is to stop providing
subsidies to the water sector (e.g., by not subsidizing the prices of water-intensive crops). Previously, there
were various restrictions on imported commodities in several countries, but faced with the necessity of
implementing trade reforms as part of a wider implementation of stabilization and structural adjustment
programmes (including the reduction of the level of protection afforded to water-intensive crops),
governments effectively provided incentives for water conservation without ever mentioning water or lower
water prices. In Yemen, increases in diesel fuel prices (which the government raised from US$ 0.02 to US$
0.10 and then to US$ 0.16 per litre), combined with the end of credit subsidies and the lifting of import bans
on fruits and vegetables, have generated significant decreases in the quantity of water utilized in agriculture.
Other incentives that were provided also encouraged better water conservation and more efficient use of
water in agriculture.

(b) Agricultural pricing and marketing policies. Various distortions in the system result from
agricultural pricing and marketing policies, and these policies need to be adjusted. Artificial barriers to
international and intraregional trade need to be dismantled to enable less distorted prices and market signals
to determine cropping patterns, regional specialization and (indirectly) modes of water-use behaviour that are
more consistent with natural comparative advantage. Thus, bodies that set water prices should include as part
of their mandate a review of subsidies and marketing policies that indirectly affect water-intensive
agricultural outputs and inputs.

(c) Environmental incentives. Each country should undertake a review of its environmental pricing for
water and introduce a revised set of incentives and disincentives that provides substantial impetus for
industries and towns to introduce and sustain environmentally friendly technologies. These could be
introduced through a system of subsidies and tax breaks on investments in water-conservation technologies
(or water-recycling technologies where there is no water). Particular attention should be paid to introducing a
system of significant and punitive variable costs for polluting, based on the ‘polluter pays principle’ (widely
discussed at the United Nations Rio de Janeiro conference in June 1992). Countries that already have such
systems in place need to explore ways and means of enhancing them to make them more effective; this could
include fines and major adjustments and increases in existing pollution taxes, so that the systems provide
meaningful incentives for controlling pollution. In addition, revised water charges and the introduction or
expansion of other incentives for water recycling and conservation are needed to encourage industries to
adopt more environmentally friendly technologies and production processes. Industrialized countries have
already experienced industrial pollution on a grand scale, and measures to deal with this and best practices
from which the ESCWA region could benefit should be found. There has in fact been a remarkable
turnaround to a clean water environment.

(d) Accompanying improvements in irrigated agriculture and productivity. These could be achieved
through the improvement of the performance of irrigation systems, including the rehabilitation and
modernization of irrigation infrastructures, coupled with intensification of agricultural extension
programmes.

(e) Accompanying public awareness campaign. The above measures should be preceded and
accompanied by a process of consensus-building between the political establishment and the rest of society,
followed by a major outreach programme to farmers. Policy reform will be accepted far more easily if
decisions are thoroughly discussed and explained and, in particular, if the benefits from more productive
irrigated agriculture are understood.
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(f) Switching to volumetric charging. Those countries that have not already done so should implement
a change from area/crop-based charging to volumetric charging. Volumetric charging will be particularly
important as opportunities for different levels of water use develop, from the diversification of cropping
patterns and agricultural technology, to new irrigation-delivery systems such as dynamic control systems
and, at the micro-level, drip and sprinkler irrigation. Volumetric charging would probably be implemented as
demand for it arises, since it needs to be accompanied by the introduction of (or improvements to) a water-
delivery system, the installation of measuring devices, and arrangements for bulk sales to water-user
associations. Water-user associations agreeing to bulk sales could have preferential rates over other farmers,
and charges for collection of water by water-user associations could be rewarded with a discount.

(g) Creating a decision-making and price-regulation apparatus. It may be desirable to establish a
decision-making apparatus, such as a special committee, so analyses can be undertaken and
recommendations presented to the government. The mandate of these committees should include not only
setting charges for farmers but also for other water services, such as bulk water supply to urban and
industrial users and drainage and flood control. A broader mandate would also include water rates in other
sectors, such as urban, rural and industrial water supply.

4. Water-user rights and market allocation

(@)  The role of the water market in improving the efficiency of water allocation
between competitive uses

As a supporting measure, water users may be given the right to withdraw a specified quantity of water,
at a specific location and for a specified use. However, they do not own the water they use: ownership
remains in the hands of the government. Market-based allocation is considered economically efficient from
the individual and social points of view, because water resources are transferred from low-value uses to high-
value uses. Such a system involves the creation of appropriate conditions that can support a compensation
system for transferring water from one use to another. Water-market exchanges are increasingly being used
to adjust water allocations. As agriculture is the dominant water user, it is expected that most transfers will
entail the transfer of water away from agriculture to urban, industrial and other uses, especially since modern
agricultural technologies allow supplies of irrigation water to be very stable.

Water markets have been advocated as a means of improving water-resource management by
increasing the efficiency of water use and allocation within and between sectors. The implementation of
water markets requires both government involvement and active water-user participation. The difference
between implementing an administrative system and a market system may not be as large as expected. The
principal differences may be defined as follows:

(a) Defined and transferable water rights. Reallocation through trade entails compensation, unlike
administrative reallocation, where right holders may not receive any compensation when water is reallocated
to a different use. In water markets, right holders will not only consider what the water can produce for them,
but also the opportunity cost of the water (such as the value added by using the water in car manufacturing).
If the highest value of water use is taken into account, an incentive is provided for more efficient use of
water and reallocation of water to uses with higher values;

(b) Internal institutional market arrangements. Buyers and sellers need to find each other and to have
confidence in the characteristics of the goods they want to exchange. A properly functioning water market
will measure the water available for trading, develop a simple mechanism to find prospective buyers and
sellers, and carrying out the transfers. If official transfer is difficult, then informal trading will probably
occur anyway. The disadvantage of informal trading is that water use is hard to track;

(c) A4 physical delivery system. Traded water is likely to move from one user to another. Depending
on the hydrological conditions or previously constructed infrastructure, the cost of adequate infrastructure
may be too high and outweigh the benefits from transfers, pushing the water price so high that no buyers can
be found. The government may absorb the cost, but thorough analyses are needed to establish whether the
introduction of a trading system will produce sufficient societal benefits to warrant large investments.
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The most challenging institutional feature of a water market may be the definition and registration of
water rights, together with the making available of adequate information and the implementation of
transaction mechanisms that provide equal opportunity for all water users to participate in the market. These
mechanisms would have to include access to price information, and the registration, enforcement and
monitoring of rights. Developing countries characteristically suffer from weak institutional frameworks, such
as slow judicial systems, ill-defined land rights, strong concentrations of land ownership, and unenforced
laws and environmental regulations. Before the introduction of water markets, the necessary legal and
institutional requirements in each site should be compared with what already exists. A review should be
undertaken to determine whether the laws and institutions could be changed in order to minimize the
political and social costs of introducing a properly functioning water market.

Socioeconomic asymmetries need to be considered, because water users will vary in educational
background, culture and economic power. A phased approach to water trading may be the most appropriate,
starting with the introduction of water rights, monitoring and enforcement, and followed at a later stage by
tradability. This would give water users, especially those in the more vulnerable segments of society, the
time to realize the value of their new rights. Another important issue is the impact of water reallocation on
uses with higher values, and the consequent impact on regional economies and the environment.

(b)  The effect of water user-rights and market allocation

The market mechanism, if operated under appropriate conditions, has the potential to secure water
supply for high-value uses in various sectors without the need to develop new, costly water resources. Also,
by allowing compensation for water sold by low-value uses, water markets provide an incentive for more
efficient water use. The seller has an opportunity under certain conditions to increase profitability (unless all
water resources are sold and the seller ceases economic activity), and the buyer benefits, because a water
market encourages increasing water availability. Tradable water rights allow the price of water to reflect the
value of its alternative uses, which creates the incentive to put it to the most productive use. In addition,
those who buy water rights are likely to conserve water more efficiently.

The securing of a water supply for higher-value uses through tradable water rights is cheaper than
other alternatives (such as building an expensive new hydraulic infrastructure). Although an infrastructure to
transfer traded water must be built if it is not already in place, the cost of building may be less than that of
generating new water rights. Secure water rights are particularly beneficial for smaller farmers, who have
been most vulnerable historically to reductions in their water allocation and who have few other sources of
collateral.

Secure water rights give potential investors in new hydraulic projects the confidence that, once they
obtain the rights to the water generated by their investment (e.g., storage reservoirs or water conveyance
infrastructure), the rights will be theirs to keep or sell on to others (farmers, industry, hydropower and water
companies). As a result, ongoing State-owned projects could be privatized by selling the hydraulic
infrastructure and unallocated water and land rights associated with the project, on the condition that buyers
respect existing land and water rights. A comprehensive regulatory framework, as is prepared for the sale for
public utilities, would assist in such a privatization.

5. Optimum utilization of existing water resources

In Bahrain, Egypt, the United Arab Emirates and Yemen, changes are being made to cropping
patterns, and certain crops are beginning to be irrigated with brackish water. Different sorts of water
rationing can be used, such as increasing water efficiency through minimizing losses in the domestic and
agricultural sectors, encouraging rain-fed agriculture (as implemented in the Syrian Arab Republic and
Yemen), and providing incentives for the use of water-saving devices in the domestic and industrial sectors
(as implemented in Jordan and Saudi Arabia).
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V. ANALYSIS OF WATER ALLOCATION

Different types of mathematical models can be used to determine the optimal allocation of water
resources to satisfy demand. Some models use an optimization approach to achieve specific objective
functions dependent on the maximization of the net return of particular agricultural sector activities, or the
minimization of the total investment required in construction, transport, and operation and maintenance
costs. Other models analyse the geographic distribution of both water sources and demands to maximize
returns and minimize costs. The availability of water and its sustainability over time are the main constraints
in determining the amount of water that can be allocated from each source of water supply (surface water,
groundwater, desalinated water, etc.) to each demand.

The agro-economic model is an optimization model, allowing the optimal crop pattern to be
determined, subject to water, land and labour constraints. It projects the production, consumption, export,
import and livestock use of the main crops produced. The model takes into account all cropping activities
and the geographical distribution of the agricultural land to simulate agricultural-sector performance,
maximizing the consumers’ and producers’ surplus in the process.

A. REVIEW OF SELECTED MODELS USED FOR WATER ALLOCATION

Doppler, Salman, Karablieh and Wolff (2002) discuss the optimal water allocation and cropping
patterns for the Jordan Valley, taking rising water prices and variations in income expected from agricultural
production into consideration. The calculations are based on information available on water supplies, areas
under irrigation and market conditions, and use linear programming models to determine solutions that
maximize gross margins and minimize potential variations in these margins. The results indicate that
optimizing cropping patterns and the allocation of irrigation water has a substantial potential to increase the
financial return to agriculture. Optimal solutions that consider the risk from varying gross margins react quite
elastically, as far as demand for irrigation water is concerned, to rising water prices. This factors changing
market supply into discussions about managing water consumption between sectors through pricing
mechanisms.

Salman et al. (2001) introduced a linear programming optimization model for analysing inter-seasonal
allocation of irrigation water in terms of both quantity and quality, and its impact on agricultural production
and income. Their inter-seasonal agricultural water allocation system (SAWAS) model is a developed
version of an agricultural sub-model, and the research highlights water-scarcity issues as a problem arising
when water is not found in the right quantities and of the right quality at the appropriate place and time. The
SAWAS model generates an optimal mix of water-using activities that maximizes the net agricultural
income of the area and calculates water demands at various water prices. It also provides the planner with
tools to carry out ‘what-if” experiments and to generate optimal water-demand curves. An important feature
of the SAWAS model is the fact that it considers water demand and the benefits derived from water together
with costs and optimization within the agricultural sector in order to specify the optimal usage of different
qualities of water. Although Salman et al. apply the SAWAS model to the Jordan Valley, the model is
designed to serve as a decision-making tool for planners of agricultural production at both the district and the
regional level, bridging the gap between limited water resources and increased agricultural production in
areas that suffer from severe water scarcity.

However, the models most usually used to assess water management and allocation issues are
integrated hydrologic-economic ones. Such models include (i) depiction of the entire system (at the basin or
the country level); (ii) integration of hydrologic and economic relationships in an endogenous system; (iii)
incorporation of water demands from all water-using sectors; and (iv) the possibility of evaluating the
economic benefits and costs of each of these demands (Ringler 2001; Rodgers and Zaafrano 2002;
Rosegrant, Ringler, McKinney, Cai, Keller and Donoso 2000). Several models have been developed using
this framework. One is the integrated hydrologic-economic model developed for the Mekong River Basin,
which optimizes water allocation based on an objective function and its accompanying constraints (Ringler
2001). The model includes hydrologic, agronomic, economic and institutional components, but focuses
particularly on the economic component. It is highly aggregated, factoring in country-level and regional-
level water supply and demand, as well as economic-benefit functions, and provides a solution for optimal
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water allocation at the basin level, subject to a series of physical, system-control and policy constraints. The
optimal allocation of water across water-using sectors is determined on the basis of the economic value of
water in its various uses. A second model was developed by Wichelns (2002) to evaluate the trade-offs
involved when Nile River water was allocated between competing regions and projects in Egypt. The goal of
the model was to maximize the net social benefits generated with limited water resources. Other types of
analysis have also been used; these include input-output models, which allow changes in the economy as a
result of droughts or the reallocation of water away from agriculture to be analysed (Wolfenden, Gill and van
der Lee 2001).

Although comprehensive, the models outlined in Ringler (2001) and Wichelns (2002) are fairly
complex and time-consuming, requiring substantial amounts of data for proper analysis to be conducted and
advanced statistical programmes to run the analysis. In fact, most of these models are usually run on selected
hypothetical situations. For example, Wichelns limited his analysis to a small-scale (10 hectares) simulated
scenario of three regions and one crop. Given these complexities, and the data and time requirements of these
models, the approach adopted in this study will be a cost-benefit analysis, which can be used to assess
regulatory actions or policies. Some of the issues underlying the broader use of this method in this study are
outlined below.

B. BACKGROUND INFORMATION ON COST-BENEFIT ANALY SIS

According to the literature (Moore 1995, Ward and Deren 1995, Pagiola 1994, Gittinger 1982), cost-
benefit analysis is a technique for assessing the comparative costs and benefits of an activity or project over
an appropriate time period. The objective of the analysis is to determine what action should be taken, and the
level at which the action achieves the greatest net economic benefit or economic efficiency. The technique
has its origins in economic feasibility studies of public infrastructure projects such as dams, and its use has
mirrored the increase in laws and regulations to protect health, safety and environmental values since the
1970s. The use of the cost-benefit analysis to evaluate the merits of public actions requires that positive and
negative effects be translated to a common denominator, most often a monetary one.

Proponents of cost-benefit analysis argue that the method and assumptions needed to measure positive
and negative effects and to translate these effects into monetary terms can make cost-benefit analysis a
complex undertaking. It is also argued that cost-benefit analysis can be expensive and difficult to explain,
because indirect methods are usually employed to estimate the approximate monetary values of public
actions. These indirect estimation methods are sometimes necessary because many public services and
benefits have no private-sector equivalents, and as a result, no market prices can be associated with them.
Professionals sometimes disagree on the methods used to obtain the estimates, and this can lead to some
important cost-benefit categories being ignored.

Despite these negative arguments, cost-benefit analysis has gained wide acceptance over the years as a
way of dealing with failures in the market that affect many sectors, such as health and the environment. Not
long ago, private markets were not concerned about the social cost of their productive or consumptive
activities and were letting those costs be borne by affected individuals or society at large. With the gradual
changes there have been in lifestyle and economic development, these adverse effects have increasingly been
recognized as costly and objectionable to various segments of society, especially to those who cannot be
compensated. Governments have therefore tried to put tighter regulations in place and to force private
markets to internalize more of these associated costs (health protection, environmental conservation, etc.).
However, increases in regulation raise concerns that an undue burden is being placed on private persons and
markets, and even governments themselves and society at large. This explains why interest in assessing the
cost versus the benefits of particular regulations has grown over time.

Whether dealing with a public-sector project or a proposed policy, cost-benefit analysis attempts to
estimate if the activities involved achieve an improvement in the allocation of resources, that is, whether
society is better off in economic terms as a result of proposed changes. This efficiency criterion can apply
either to a project that will add to economic output (net domestic product), or to actions that are not directly
measurable in terms of GDP, but which have the potential to increase national economic well-being by
creating more collective benefits than costs (usually estimated in monetary terms). Cost-benefit analysis
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therefore offers a simple yet powerful approach to the analysis of water-allocation issues that is relatively
easy to implement. The method is particularly suited to the applied analysis of specific practical situations.

C. COST-BENEFIT ANALYSIS FORMULATION

Cost-benefit analysis can be applied in different settings. It has usually been associated with analysis
at an aggregate level, as it will be here, but it can also be applied at the economic-unit level (e.g., farms).
Cost-benefit analysis at the aggregate level was chosen as the analytical tool for the present study, since
water allocation among different and often competing sectors is best analysed over large areas; aggregate-
level analysis provides a truer reflection of reality than is possible with economic-unit level analysis.
Moreover, the recommendations given here are intended for policy and decision makers who must decide on
the proper course of action in the light of their countries’ development plans, production possibilities and the
constraints they face in allocating such scarce water resources as are available to the State; cost-benefit
analysis is the most appropriate model to analyse which action could maximize benefits for the largest
portion of the population. Carrying out the analysis at the aggregate level will therefore increase the
likelihood that the appropriate course of action is recommended based on the real constraints faced by policy
and decision makers; it will also allow attention to be focused on the distribution of benefits among different
sectors as a result of water allocation.

Cost-benefit analysis can be carried out from either a private or a social perspective. When analysis is
made from the private perspective, only the costs and benefits that actually accrue in a particular resource-
use scenario are considered, and these costs and benefits are valued at existing prices, with no adjustments
made for distortions that may result from government policy or market failure. This approach is most
appropriate when dealing with the incentives offered to different economic agents or sectors that are, for
example, utilizing, developing or investing in scarce resources. When analysis is made from the social
perspective, all costs and benefits for a given activity are considered. For example, if subsidy leads to
wastage of water, this represents a real cost to society that should be taken into consideration, together with
the value of the output obtained and any other associated effects. In order to measure the true opportunity
cost, the valuation of the resource used and the output obtained from production utilizing the water should be
adjusted for any distortions resulting from policy intervention or market failure. However, obtaining the
necessary data to conduct a proper social analysis is time-consuming and difficult, so the present analysis
will be limited to the estimation of private returns on water allocation to different sectors.

The principle of the analysis is simple: it involves calculating the difference in the flows of costs and
benefits between what would happen if the current water allocation continued and what would happen if a
specified amount of water was reallocated from one sector to the other. This is not the same as a before and
after analysis, and the results estimate the return on the specific water allocation being examined, not on
water allocation per se. Thus, a finding that a particular water allocation is not profitable does not imply that
all water allocations are unprofitable. Details are provided in annex 1.

D. DATA AND ASSUMPTIONS

The data to be used in the analysis include the quantity of water used in each sector, the costs involved
in supplying the said water quantity to a particular sector, the revenues or consumer surplus generated using
the allocated water (for agriculture and industry, the value of the output; for the domestic sector, the
consumer surplus). Average prices were obtained from secondary sources. The discount rate used is derived
by trial and error.

Table 5 provides the data used to estimate costs and benefits in this analysis. The economies of the
countries in our selected case studies are assumed to grow at the historical annual-rate levels for the ESCWA
region of between 2.5 per cent (without water reallocation) and 3 per cent (with water reallocation), and the
costs and benefits in the agricultural, domestic and industrial sectors are then projected over a 20-year
period. The 2001 agricultural and industrial value added (as provided in World Development Indicators
2003) were used as the initial values (World Bank 2003), while the net consumer benefit for domestic water
was calculated using the formulae provided in annex I. The remaining data were drawn from secondary
sources and are also given in table 5.
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TABLE 5. DATA FOR THE ESTIMATION OF COSTS AND BENEFITS

Egypt Jordan

Per capita | Total (million) Per capita | Total (million)
Water consumption and requirement (m°)
Domestic demand
- Current consumption 42.7 2950 76.8 388
- Requirement? 227.3 15702 227.3 1148
Industrial demand
- Current consumption 77.4 5350 12.5 63
- Requirement? 30.0 1575 30.0 115
Agricultural demand
- Current consumption 867.1 59900 156.6 791
- Requirement? 511.0 87 386 511.0 6 390
Total demand
- Current consumption 987.3 68 200 245.9 1242
- Requirement? 1515.1 104 663 1515.1 7 653
Total supply 1004.3 69 377 232.9 1177
Quantity of water reallocated (m®)”
- Agriculture -52.7 (-2/3) -56.6
- Domestic 72.7 37.7 (+2/3)
- Industry -20.0 (-1/3) 18.9 (+1/3)
Water supply cost ($/m’)
- Domestic and industry 0.295 0.706
- Agriculture 0.006 0.025
Maximum water tariff ($/m®)
- Domestic 0.088 1.031
- Industry 0.590 0.350
- Agriculture 0.0042
Water projects development ($/m”)
- Capital 0.2842 0.2842
- Operation and maintenance 0.1194 0.1194
- Total 0.4036 0.4036
Modern irrigation equipment ($/m’)
- Capital 0.006 0.006
- Operation and maintenance 0.004 0.004
Value added (GDP)
- Agriculture 242 16 741 52 265
- Industry 470 32497 437 2207
Discount rate (%) 5-15 13.3Y 15 10.9¢

Sources: ESCWA, 2001, Implications of Groundwater Rehabilitation on Water Resources Protection and Conservation:
Artificial Recharge and Water Quality Improvement in the ESCWA Region, EJESCWA/ENR/2001/12, New York; ESCWA, 2001,
Progress Achieved in the Implementation of Chapter 18 of Agenda 21, with Emphasis on Water for Sustainable Agricultural
Production: Case Studies, New York (E/ESCWA/ENR/1999/22); Haddadin, M.J., 2002, ‘Water issues in the Middle East: challenges
and opportunities’, Water Policy, 4, pp. 204222, Elsevier; IMF, 2002, International Financial Statistics Yearbook, vol. LIV,
International Monetary Fund, Washington, DC; Paetz, R.J. and Maloney, S. 2002, ‘Demonstrated Economics of Managed Irrigation
for CBM-Produced Water’, paper presented at the meeting Making Water Produced During Oil and Gas Operations: a Managed
Resource for Beneficial Uses, 16-17 October 2002, Ground Water Protection Council, Oklahoma City, Oklahoma
(http://www.gwpc.org/Meetings/PW2002/Papers/ Steel Maloney2 PWC2002.pdf); and World Bank, 2003, World Development

Indicators 2003, World Bank, Washington, DC.

a/ Water required at level of income, which is that of low-middle-income countries.

b/ Negative = quantity taken, positive = quantity added.

¢/ Official lending rate in 2001.
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The quantity of water to be reallocated was derived from the current level of water consumption in
each sector compared with that which could be achieved at the income for Egypt and Jordan, which is that of
low-middle-income countries. However, given the water-scarcity level in both countries, the water-
consumption levels adopted for the agricultural and industrial sectors were those of high-income countries,
as provided by Haddadin (2002). Consequently, in Egypt, water will be reallocated partly from the
agricultural and industrial sectors to the domestic sector, while in Jordan, water will be reallocated from the
agricultural to the domestic and industrial sectors.

E. APPLICATION OF COST-BENEFIT ANALYSIS TO SELECTED COUNTRIES
The estimated relationships (annex I) were used to project revenues and net benefits, with and without
water allocation, over a 20-year period. The results of this economic analysis are shown in tables 6, 7 and 8,

the calculations for which were as follows.

TABLE 6. ANALYSIS OF RETURNS ON WATER ALLOCATION: AGRICULTURE ($/m’)

Country Egypt (discount rate 5%) Jordan (discount rate 15%)
Year 1 5 10 20 1 5 10 20
Without water allocation

Revenues (GDP) 242.0 246.9 253.1 266.1 52.0 53.0 54.4 57.2
Water costs? 0 0 0 0 0.7 0.7 0.7 0.7
Returns (R) 242.0 246.9 253.1 266.1 51.3 524 52.4 56.5
PVY R 242.0 203.1 163.2 105.3 51.3 30.0 30.0 4.0
With water allocation

Revenues (GDP) 217.8 245.1 284.2 298.7 46.8 52.7 61.1 64.2
Water costs? 0 0 0 0 0.4 0.4 0.4 0.4
Allocation cost? 49 4.9 49 4.9 0.6 0.4 04 0.4
Returns (R) 2129 240.2 279.3 293.8 45.8 51.9 60.2 63.4
PVYR 212.9 197.7 180.0 116.3 458 29.6 17.1 45
Return on water allocation

Net benefits (NB) -29.1 -6.6 26.2 27.8 -5.6 -0.5 6.5 6.9
PVY NB -29.1 5.5 16.9 11.0 5.6 -0.3 1.9 0.5
Cumulative PVY NB -29.1 -84.6 -42.0 92.4 5.6 -13.0 -6.9 2.6
NPVY 20 years 924 2.6

IRRY (%) 5.8 153

Years to break even 13 16

Source: ESCWA calculations.

a/ This is the water cost as charged to the user.

b/ PV is the present value.

¢/ Cost incurred as a result of the water reallocation: investment in water-saving irrigation technologies.
d/ NPV is the net present value.

e/ IRR is the internal rate of return.

Without water allocation, water costs (water quantity multiplied by the water tariff) are subtracted
from revenues (which is the value added for the agricultural and industrial sectors, and consumer surplus for
the domestic sector) to obtain the returns (R). The returns are then discounted to obtain the present value
(PV) of returns for different years within a 20-year period. With water allocation, in addition to the above,
allocation costs are also subtracted. In the first year, allocation costs are equal to the water quantity
multiplied by the cost of irrigation equipment or the cost of water-development projects (for the domestic
and industrial sectors). In the following years, there are no allocation costs for the domestic and industrial
sectors, as the operation and maintenance costs are included in the water tariff, while for agriculture the
allocation cost is equal to the water quantity multiplied by the operation and maintenance cost of the
irrigation equipment, as these costs are not included in the water tariff. The net benefit (NB) of water
allocation is computed by subtracting the without-water allocation return from the with-water allocation
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return. The present value (PV) of net benefits obtained by discounting the NB are then totalled for the period
under consideration to obtain the cumulative or net present value (NPV) for the period. The break-even year
(the year in which the NPV is zero) and the internal rate of return (IRR, which compares two discount rates
at the break-even year of the lower rate) are then derived.

For Jordan in the first year, reallocating water away from the agricultural sector will cause revenues to
drop, as farmers will be both coping with a reduction in water supply and investing in new technologies.
From year 2, revenues will grow again at an accelerated rate, reaching their peak during year 10, at which
point new technology will no longer contribute to increased growth in output beyond normal, if other inputs
are kept at the same level. Under these conditions, water reallocation will still be profitable to the agricultural
sector, as can be seen from the net present value, which amounts to US$ 2.6 per cubic metre of water by year
20, at a discount rate of 15 per cent.' The internal rate of return is 15.3 per cent, and all investments incurred
are recovered by year 16. However, if water reallocation is implemented, the net returns to agriculture would
be negative until year 5 as a result of the reduction in output and the initial investment in water-saving
technologies required to maintain output levels. For Egypt, the water cost is zero, as irrigation water is
provided free of charge to farmers. This results in a net present value (NPV) of US$ 92.4 per cubic metre
after year 20, at a discount rate of 5 per cent. The internal rate of return is only 5.8 per cent, and the break-
even point for investments is year 13. Thus the agricultural sector in Egypt is a low-value producer compared
with that in Jordan, most probably because production is focused mainly on relatively low-value crops such
as wheat and others, while Jordan has a substantially greater irrigated sector oriented towards the production
of high-value crops such as vegetables.

For Jordan, reallocating water to domestic consumption will benefit domestic consumers, as illustrated
in figure V. Reallocated water will increase the overall benefit up to a per capita consumption level of about
150 cubic metres under present conditions. Beyond that level, the level of benefits to consumers will start to
decrease, albeit slowly. The reallocation of water will benefit domestic consumers from the first year of
reallocation, although the costs associated with delivering the reallocated water will keep returns low in the
first year. Thereafter, benefits are assumed to follow the general pattern of the economy. Water reallocation
results in a high consumer surplus for domestic consumption. The net present value of the surplus by the end
of year 20 would amount to US$ 69 per cubic metre of water, at a discount rate of 15 per cent, while the
internal rate of return would be as high as 19.3 per cent. The break-even year would be year 7, and negative
consumer benefits would only be recorded in year 1, as the result of the investment required to develop and
supply the additional quantities of water. For Egypt, water is reallocated away from both the agricultural and
industrial sectors to the domestic sector, as the agricultural and industrial sectors are currently getting larger
proportions of water compared with similar sectors in high-income countries. However, given the low water
charges, the net present value of the consumer benefit is negative, meaning that consumers are not viewing
water as a scarce commodity.

Figure V. Municipal net-benefit function
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! The official lending rate was 10.9 per cent in 2001 in Jordan, and 13.3 per cent in Egypt (IMF 2002).
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For Jordan, reallocating water away from the agricultural sector to the industrial sector would be
highly profitable, given the current levels of industrial production in the country. The reallocation will not
decrease the output of the industrial sector, even though some investments will be required to develop and
supply the reallocated water. Overall evolution is assumed to follow that of the economy overall. The net
present value by the end of year 20 would be US$ 53 per cubic metre of water, at a discount rate of 15 per
cent, and the return on capital would be 17.5 per cent; all capitals would be repaid by the end of year 10.
Negative returns would be recorded only in year 1, as a result of investments required to develop and supply
the additional quantities of water. For Egypt, given the large share of water already consumed by this sector,
it is assumed that a small amount will be diverted to meet domestic demands. In the first few years this
reallocation will negatively affect industrial output. The net present value of benefits will equal US$ 1 per
cubic metre by year 20, with an internal rate of return of 15.2 per cent; investments will break even in year
20.

TABLE 7. ANALYSIS OF RETURNS ON WATER ALLOCATION: DOMESTIC CONSUMPTION ($/m”)

Country Egypt (discount rate at 15%) Jordan (discount rate at 15%)
Year 1 2 3 4 1 5 10 20
Without water allocation

Consumer Benefit 24 26 29 38 248 274 310 397
Water costs? 13 13 13 13 54 54 54 54
Returns (R) 11 13 17 25 194 220 256 343
PVY R 11 8 5 2 194 126 73 24
With water allocation

Consumer Benefit 27 31 35 48 273 308 357 479
Water costs? 34 34 34 34 81 81 81 81
Allocation cost? 29 0 0 0 15 0 0 0
Returns (R) -36 -3 1 177 227 276 398
PVY R -36 2 0 1 177 130 78 28
Return on water allocation

Net benefits (NB) -47 -17 -15 -11 -17 7 20 56
PVY NB -47 -10 -4 -1 -17 4 6 4
Cumulative PVY NB -47 96 -127 -147 -17 -7 20 69
NPVY 20 years -- 69

IRRY (%) - 19.3

Years to break even - 7

Source: ESCWA calculations.

a/ Water cost is the actual cost to supply the water.

b/ PV is the present value.

¢/ Cost incurred as a result of the water reallocation: investment in water development and supply.
d/ NPV is the net present value.

e/ IRR is the internal rate of return.

The above results for Jordan show that water used in the industrial and domestic sectors has a much
higher value than water used in agriculture. Based on these results, it would be advisable to reallocate water
resources away from agriculture to the industrial and domestic sectors. Unfortunately, other, non-financial
considerations would also have to be taken into account, such as the number of people who would be
affected by this reallocation and the impact on other areas (agriculture, environment, transport,
hydroelectricity, etc.). As seen above, an economically more efficient, and more complex, solution would be
to allocate water resources to those sectors generating the greatest value for the economy, which would be
charged an economic price for the water, and to redistribute this value in the form of relief or supportive
action for those adversely affected by the reallocation. However, this assumes that there would be sufficient
capacity to monitor, design and implement such programmes. Cooperative action in the allocation of water
will be necessary to enable all water-using sectors to move closer to realizing the greatest potential system
values of the available water resources.

TABLE 8. ANALYSIS OF RETURNS ON WATER ALLOCATION: INDUSTRIAL PRODUCTION ($/ m3)
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Country Egypt (discount rate at 15%) Jordan (discount rate at 15%)
Year 1 5 10 20 1 5 10 20
Without water allocation

Revenues (GDP) 470 519 587 751 437 482 546 699
Water costs? 46 46 46 46 4 4 4 4
Returns (R) 424 473 541 706 433 478 541 694
PVYR 424 271 154 50 433 273 154 49
With water reallocation

Revenues (GDP) 447 503 583 783 437 492 570 766
Water costs? 34 34 34 34 11 11 11 11
Allocation cost? 0 0 0 0 8 0 0 0
Returns (R) 413 469 549 749 418 481 559 755
PVYR 413 268 156 53 418 275 159 53
Return on water allocation

Net benefits (NB) -12 -4 7 43 -14 3 18 61
PVY NB -12 -3 2 3 -14 2 5 4
Cumulative PVY NB -12 33 30 1 -14 -18 3 53
NPVY 20 years 1 53

IRRY (%) 152 17.5

Years to break even 20 10

Source: ESCWA calculations.

a/ Water cost is the actual cost to supply the water.

b/ PV is the present value.

¢/ Cost incurred as a result of the water reallocation: investment in water development and supply.
d/ NPV is the net present value.

¢/ IRR is the internal rate of return.

For Egypt, on the other hand, it appears that endeavours have been geared more towards achieving
equity rather than efficiency. This is negatively affecting overall economic performance, and urgent reforms
are needed in order to achieve greater efficiency.
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VI. SECTORAL WATER ALLOCATION IN SELECTED
ESCWA MEMBER COUNTRIES

Water-allocation policies differ from one country to another, because physiographic features, social
standards, and legal and administrative structures vary. Politics and the economy also play major roles. The
following sections introduce some of the water-allocation policies implemented in selected ESCWA member
countries.

A. EGYPT

Egypt has about 40 per cent of the total population of the ESCWA region. In 2000, it had about 8
million feddans® of agricultural land, most of which is irrigated. Water resources in Egypt are becoming
scarce: surface-water resources are now fully exploited, while groundwater sources are nearly so (Attia
2002). The population is currently increasing by more than 1 million per annum and is expected to reach
some 86 million by 2025, having been approximately 65 million in 2000. A large proportion of this
population is employed in agriculture (table 9), although the proportion is declining. Reallocating water
away from agriculture will thus have major social implications, unless alternative employment can be
generated in the receiving sectors (industry and others).

TABLE 9. THE AGRICULTURE LABOUR FORCE AND ITS SHARE IN THE NATIONAL LABOUR FORCE

Labour force in thousands
Year National Agriculture Percentage
1985 11838 4258 359
1986 11980 4295 35.8
1987 12 256 4447 36.3
1988 12 351 4381 355
1989 12 715 4432 34.8
1990 13 489 4 483 332
1991 13 900 4535 32.6
1992 14 256 4588 32.2
1993 14 335 4 649 324
1994 14 436 4 682 31.8
1995 14 893 4745 30.8
1996 15693 4815 30.7
1997 16 318 4916 30.1
1998 16 468 4978 30.0
1999 16 618 4987 30.0
2000 16 768 4998 29.8

Source: Ministry of Agriculture and Land Reclamation, statistical reports.

Newly developed water-resource management strategies are more integrated, in that they consider
water scarcity from all angles, looking at the technical, institutional, managerial, legal and operational
activities required to plan, develop, operate and manage the water-resource system on both national and local
levels, while considering all the sectors of the economy that are dependent on water.

Egyptian water-allocation policies always prioritize domestic water requirements over other sectors.
However, while agricultural water use currently accounts for the largest percentage of water use in Egypt
(approximately 56 billion cubic metres), domestic and industrial activities in 2000 used about 4.5 billion and
7 billion cubic metres of water respectively. No additional discharges are currently required to satisfy
navigational needs in the main river owing to the recent abolition of the winter closure period (during which
water was released from the High Aswan Dam (HAD) for navigational purposes only). Water requirements

21 feddan = 1.038 acres = 0.42 hectares.
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for hydropower generation are fully met by day-to-day releases into the irrigation system, since additional
releases for power generation were prohibited to counteract drought conditions.

Future demands for all uses will definitely increase on account of rapidly increasing population and
land-reclamation and industrialization policies (see below). The rate of increase will vary from one sector to
another. For example, in the year 2017, the rate of increase in demand will be 23 per cent in agriculture, 50
per cent in the domestic sector, 42 per cent in industry, and 2 per cent in navigation. Reallocation of
available water resources will be needed to meet these demands. Current government policy is designed to
control the cultivation of water-consuming crops (rice and sugar-cane) and expand the reclamation of desert
lands to relieve the high population density in the Nile valley and delta. Measures for improving water
efficiency in agriculture include the application of water-saving technologies that are both practicable and
economically feasible. The introduction of water fees is also under consideration.

The cost of irrigation water is an important issue in water-resource planning and management.
Although considerable work has been done on water pricing in general, little rigorous work has been done on
the cost of delivery and collection of irrigation water, despite the substantial liberalization of prices in
Egyptian agriculture since 1986. Irrigation water is still free and constitutes a source of price distortion. In
1983, the average cost to the nation of irrigation water was estimated as 1.92 Egyptian pounds (LE) per 1000
cubic metres; this included the full cost of multi-purpose structures operated and supervised by the Ministry
of Water Resources and Irrigation (MWRI), but serving purposes other than irrigation (navigation,
hydropower, flood control, etc.).

Municipal water-supply tariffs in Egypt were previously set according to a life-line system, with a flat
rate per cubic metre consumed. The Ministry of Housing and New Communities recently established a new
system of municipal water tariffs and applied it in new communities to distinguish between high-income
areas and areas occupied by those on low incomes and the newly graduated, providing subsidized water only
to those in the latter areas. There is also a higher tariff for water allocated to tourist villages and resorts.

Apart from the small amount of scattered seasonal rainfall on the Mediterranean coastal strip, Egypt
relies on the Nile as its major source of freshwater. There are deep reserves of groundwater in large aquifers
in the western desert, but utilization of this water is limited because it is very costly to pump from such great
depths, and the aquifers are generally considered to be non-renewable. Low flow in the Nile threatens
Egypt’s water security and affects the government’s ability to implement development plans, and the
construction of the HAD and Lake Nasser reservoir helped to control releases of water downstream and store
excess water during years of high flow, in order to meet part of the demand during years of low flow.

1. Drought

Because the 1979-1987 drought was so prolonged, many studies were carried out to help decision
makers and water-resource planners maximize the use of the limited volumes of water available to meet the
various demands from all sectors and avoid a water-shortage crisis. Optimization models were used to study
the effects of changing releases downstream from the HAD and to examine the effect of alternative
cropping-pattern policies on Lake Nasser at the end of the water year under different inflow volumes (Al-
Turbak 1999). Municipal and industrial demands were given priority, the burden of water shortage being
borne by agriculture, and the optimum cropping pattern that would maximize the consumers’ and producers’
surplus was calculated. As a result of these studies, the MWRI took different decisions to mitigate the effects
of the drought.

(a) No releases of water were allowed from the HAD for the sole purpose of power generation. The
Ministry of Electricity developed a national plan to expand the use of thermal power plants to make up any
shortfalls in hydropower generation. The Ministry of Electricity maintained the maximum hydropower
generated from all water structures and made up the shortfall with thermal power plants;

(b) The New Esna Barrage and the new Nag-Hammadi Lock were constructed to allow improved
water control;
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(c) Changes were made in the timing and duration of winter closure periods (which were reduced
from 28 to 21 days, during which time releases from the HAD were minimized);

(d) Releases of freshwater to the sea through the Rosetta branch were minimized;
(e) The national Irrigation Improvement Project was launched (see section 3(b) below).
2. Land reclamation

The Ministry of Agriculture together with the MWRI has developed a land-reclamation plan calling
for the reclamation of:

(a) 1.7 million feddans to be irrigated with water saved through more efficient use of surface water;
(b) 200,000 feddans to be irrigated with water provided by sewage-treatment projects;

(c) 300,000 feddans to be irrigated with non-renewable groundwater in the New Valley (Western
Desert) and Sinai.

Land reclamation in Egypt

The South Valley development project in Egypt (often known as Toshka or the New Valley) was inaugurated in January
1997. The plan aims to create an alternative delta, parallel to the Nile valley, involving large-scale land reclamation linked to
industrial, tourist and mining projects, and the creation of new urban communities to relieve congestion in the Nile valley.
When completed, the project will use 5 billion cubic metres of water per annum from the Nile River. It is intended to settle
some 6 million people, to cultivate between 800,000 and 2.2 million feddans (336,000-924,000 hectares), and to increase the
inhabited land area of Egypt from 4 per cent to 25 per cent.

However, in response to financing constraints, the Toshka project has been scaled down to focus initially on reclaiming
540,000 feddans of desert land. Under the initial plan, a pumping station at Toshka on the western shore of Lake Nasser would
have lifted 25 million cubic metres of water into the main canal per day. In the first phase, the canal will extend 30 kilometres
into the Western Desert, and a further 350 kilometres under the second phase, to the Paris oasis.

The South Valley scheme is part of the much larger National Land Reclamation Project, scheduled to cover 3.4 million
feddans by 2017. The programme includes 150,000 rain-fed feddans on the north-west coast, as well as areas along the Nile
(including ones that border with Sudan) and others that are fed by groundwater, such as East Oweinat in the Western Desert.
The El-Salam canal, inaugurated in October 1997, will carry Nile water from near Dumyat under the Suez Canal to south of El-
Arish in Northern Sinai, irrigating 620,000 feddans of desert land on the way and enabling 1.5 million people to settle in a
currently uninhabited area (EIU 2002).

The implementation of this ambitious plan faces several obstacles, such as resistance at coastal lakes
to water conservation during the winter closure period (owing to the adverse impact on fisheries and the
environment) and constraints in the reuse of drainage water (owing to the increasing pollution in drains).
Moreover, the salt balance in the Delta requires that at least 8 billion cubic metres of drainage water per
annum be flushed into the sea; this could limit future increases in drainage water reuse. On account of these
obstacles, horizontal expansion could be limited. In order for the plan to reach its targets, the following
measures have to be taken:

1. Implementation of a strict scheme for protecting waterways from pollution (there is good cooperation
between the Ministry of Public Works and Water Resources and the Environmental Affairs Agency).

2. Reduction of the areas planted with rice.

3. Modification of the current cropping pattern to incorporate fewer water-consuming crops (replacement
of sugar-cane with sugar-beet).
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4. Modification of the winter closure period to make it more flexible, and conservation of freshwater
otherwise lost to the sea.

5. More accurate calculation of crop water requirements at field level by using new methods for
computing evapo-transpiration losses and aerial photogrammetry or satellite imaging techniques to obtain
actual cropping patterns.

6. Eradication of aquatic weeds to reduce evapo-transpiration losses from canals and lakes.

7. Maximum reuse of drainage water in order to minimize the spillage of drainage water to the sea
beyond the amount needed to maintain the salt balance.

3. Optimal water allocation

Optimal use of all available water resources can be achieved through an integrated plan working at
both the national and local levels. This plan should translate the overall policy targets into long-term
programmes and enable their impacts on socio-economic development to be examined and reviewed. Not all
available resources can be used for all purposes, as there are many interrelated factors that define the optimal
resource for a specific use, the principal ones being environmental conditions, period of availability and
geographic distribution. On the demand side, the main controlling factor is the socio-economic impact
resulting from the utilization of such resources by different users. For example, municipal water demand
must take a higher priority when water is allocated for different uses, and its share must come from
freshwater of good quality. The following is the set of strategies proposed to achieve optimal use of all the
available water resources.

(@)  Minimize water losses
The main strategies proposed for minimizing water losses are:

(a) The use of pipelines to transfer water in newly reclaimed land, especially at locations of high-
porosity soil;

(b) The gradual expansion of groundwater wells for use as a secondary source of water at the farm
level, to reduce conveyance losses in third-order canals;

(c) The replacement of level-based water-distribution systems with flow-based water-distribution
systems through the calibration of control structures;

(d) The introduction of new technologies for canal maintenance and weed resistance;

(e) The improvement of the Nile navigation path and facilities to reduce, or eliminate, the amount of
water released for that purpose during the winter closure period.

(b)  Irrigation Improvement Project (IIP)

The main objective of the IIP in the old lands is to improve the efficiency of the water use at mesqa
(small channels) and farm levels. It also initiates user participation in the operation, maintenance and
management of the irrigation system. The IIP comprises the rehabilitation and improvement in control
structures, modern methods of land levelling/tillage, on-farm development, and the rehabilitation of main
and branch canals and of most mesqas, the use of one-point collective pumping from canals to mesqas, and
the redesign of field irrigation systems. These measures promote equity of water distribution and, through the
formation of water-user associations (WUAs), facilitate cooperation between the irrigation directorate and
farmers. WUAs were recently institutionalized in the Egyptian parliament, through legislation in which they
were defined as private organizations owned and operated by their members. WUA membership is composed
of those who use the watercourse for their own benefit and those who work in the area of water use and
distribution (and all related organizational activities) towards raising agricultural productivity. The MWRI
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established a special fund to finance mesqa improvements in future, additional to the contributions already
made by the farmers themselves; the fund is to be built up from budgetary transfers, foreign grants and loans.

(c¢)  Cost recovery

Increasing demands for water by all users will require continuous improvement and rehabilitation of
the water system, which adds more burdens to the government budget. It is therefore essential to set up a
cost-recovery system in which water users pay for the services of water distribution and network
maintenance. Cost allocation and cost recovery are highly sensitive issues. The first step should be to initiate
a public awareness programme to highlight the importance of water and encourage the setting up of water-
user associations.

One approach to cost recovery that should be structured in Egypt has emphasized the mesqa as the
service-delivery point and its function in cost recovery. The approach identifies six main components, which
include suggestions for making the improvements that should feature in any irrigation-management
programme. It also attempts to integrate into Egyptian irrigation the experience of introducing cost recovery
in Indonesia and highlights the advantage in water management of creating single-point mesqas. The model
suggests the introduction of a mesqa operational fee, as the WUASs’ contribution to the operation and
maintenance costs of the main system, and identifies the institutional and administrative changes that need to
be made (Abu-Zeid 1997, Attia 1999).

(d)  Shifts in cropping patterns

Economic analyses have shown that there are substantial differences in the total economic returns to
different crops grown in Egypt. It was seen that water productivity in some regions is low, since their crops
consume great amounts of water and have low value added. The following policies are proposed to reduce
agricultural water consumption:

(a) The gradual replacement of sugar-cane with sugar-beet, especially in Upper Egypt (taking the
lifespan of existing sugar factories, which were designed to process sugar-cane, into account);

(b) The reduction of the area cultivated with rice to about 900,000—1 million feddans, which would
be sufficient to satisfy national demand, provide some potential for export, and salinity levels in soil rising
and intrusion by sea water;

(c) The replacement of the varieties of rice currently used with the new varieties with shorter
lifespans, higher rates of productivity and smaller water requirements;

(d) The development of new crop varieties using genetic engineering that have higher productivity
and smaller water requirements;

(e) The narrowing of the gap between net revenues of similar seasonal crops to enable the Ministry
of Public Works and Water Resources to encourage the cultivation of crops that consume less water;

(f) The design of an indicative cropping pattern for each region in the country based on
climatological conditions, soil characteristics and the availability of water resources (in terms of both
quantity and quality); farmers should be advised to follow the indicative cropping pattern or pay for excess
water if they deviate.

(e)  Groundwater development strategies
Groundwater policy aims to encourage agricultural development in desert areas. These areas will be

the basis for new communities that can absorb part of the highly concentrated population in the Nile valley
and delta.
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The groundwater in the Nile valley and delta region cannot be considered an independent resource, as
it is recharged only from seepage losses from the Nile, canal and drainage networks, and from deep
percolation losses of irrigated lands. Groundwater strategy depends on the conjunctive use of Nile surface
water and groundwater through:

(a) The utilization of the aquifer as a storage reservoir to supplement surface-water supply during
peak periods—the aquifer is then recharged during periods of minimum demand;

(b) The use of modern irrigation methods in newly reclaimed lands (sprinkler or trickle methods) that
make use of groundwater as the water source—this prevents waterlogging and keeps the water table far from
the root zone;

(c) The use of the vertical wells drainage system in Upper Egypt—this prevents the water table from
reaching the root zone and thus avoids waterlogging and increases productivity;

(d) The use of groundwater as a water source for fish aquaculture—groundwater has a consistent and
steady temperature and is of a good quality;

(e) An increase in canal water supply by pumping groundwater from low-capacity private wells at
the tail ends of long mesqas where water shortage is experienced.

Groundwater in the Western Desert and Sinai is only found at great depths and needs large
investments to be utilized. Future strategies for groundwater utilization therefore include the following:

(a) Modern technologies to determine the main characteristics of each aquifer, its maximum capacity
and safe yield should be employed. This data should constitute the basic criteria for selecting the most
suitable projects that could use such aquifers as a sustainable source of water;

(b) New small communities (2,000—5,000 feddans) in desert areas should be designed to utilize all
available natural resources through integrated planning;

(c) Non-conventional energy sources (solar and wind energy) should be used to minimize the costs of
pumping;

(d) Use should be made of new technologies for farm irrigation in desert areas to minimize field
losses, especially those resulting from percolation due to the high soil porosity.

(f)  Reuse of agricultural drainage water

The reuse of drainage water increases the overall efficiency of the water system, but it must be
regulated to prevent adverse environmental impact in the future. Future strategies for drainage water reuse
include the following:

(a) Increasing the amount of drainage water reuse. This could be achieved through implementing
several projects to expand reuse capacity in different areas. The main projects proposed include the El-Salam
canal project, the EI-Omoom drain project, and the El-Batts drain project;

(b) Improving the quality of drainage water, especially in the main drains that are included in the
Ministry’s plan for drainage water reuse. It is recommended that a series of small treatment plants on
secondary drains or at the locations of reuse pump stations be set up;

(c) There should be separate systems for the collection of sewage and industrial wastewater from the
drainage system;

(d) About 50 per cent of the total drainage water generated in the delta should be drained to the sea to
prevent the intrusion of sea water and to maintain the salt balance of the system;
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(e) After updating and upgrading, an integrated information system should be implemented for
monitoring water quality in drains, using existing data collection networks;

(f) There should be continuous monitoring and evaluation of the environmental impact of the
implementation of the drainage-water reuse policy, particularly the impact on soil characteristics, cultivated
crops and public health.

(g) Reuse of sewage water
Future policy for the utilization of this resource can be summarized as follows:
(a) An increase in the amount of secondarily treated wastewater;
(b) A limit on the use of treated wastewater to cultivate non-food crops such as cotton, flax and trees;

(c) The separation of industrial wastewater from domestic sewage, so that it is easier to treat
domestic sewage (which can be done at minor cost), and avoid the intensive chemical treatment needed for
industrial wastewater.

The best course of action is determined economically in accordance with the attributed opportunity
costs (the marginal benefits of water in its next-best use). From this viewpoint, increased irrigation is
unlikely to generate benefits, because farmers already over-irrigate, on account of the heavy clay soils, which
require extensive irrigation for leaching purposes. On the other hand, the marginal benefits resulting from the
changes in cropping patterns that become possible with increased water supply are reckoned to yield short-
term opportunity costs. Marginal benefits would be at their maximum, representing long-term opportunity
costs, if changes in cropping patterns were combined with land-reclamation projects (see above). However,
since cropping patterns can be changed from year to year, land reclamation is preferred for its potential to
yield coherent water opportunity costs in the long run. Moreover, due to growing population pressures in
Egypt, land reclamation has additional advantages over cropping pattern changes, including relieving
overcrowding in the Nile valley and delta, increasing the overall level of investment, mitigating urban
encroachment on productive land in the vicinity of the Nile, creating job opportunities, etc. Finally, in the
light of current rates of food exports in Egypt (which are 50 per cent, 30 per cent and 80 per cent of the
national consumption of grain, sugar and oil respectively), land reclamation is expected to bridge the gap
between population growth and food production. Annex II gives additional basic data on water and the
agricultural sector in Egypt.

B. JORDAN

Water-allocation policies in Jordan combine both equity and economic efficiency principles. Each
household is entitled to 15 cubic metres of water per month at subsidized prices (equity principle); this
guarantees water for basic needs and sanitation purposes. When consumption exceeds this amount, allocation
is based on economic efficiency principles, including marginal cost pricing.

All discussions of water scarcity in Jordan call for improved sectoral water allocation, as agriculture is
the largest consumer of water (more that 80 per cent), while its contribution to the GDP is between 3 per cent
and 5 per cent. A small reallocation of water away from agriculture could be translated into a very high
increase of water availability in other sectors. Reallocation of a mere 5 per cent of water used by agriculture
could nearly double the total amount of water available in another sector (for example, the domestic sector,
whose share in available water would increase to 15 per cent).

1. Explicit policies

Jordan has developed a water strategy that stresses the need for improved water-resource management,
with particular emphasis on the sustainability of present and future uses and the care needed to protect
Jordan’s water resources against pollution, quality degradation and depletion. The strategy states also that
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government agencies must continually aim to achieve maximum practicable efficiency in the conveyance,
distribution, application and use of water resources. It also recommends that public agencies adopt a dual
approach of demand management and supply management, using appropriate technology to enhance their
resource-management capabilities.

The strategy defines the long-term goals that Jordan is seeking to achieve in the water sector, and
recommends that appropriate governmental institutions should formulate policies to help achieve these goals.
So far, the following four policies have been enacted: (i) a groundwater management policy; (ii) an
irrigation-water policy; (iii) a wastewater-management policy; and (iv) water-utility policies. The irrigation-
water policy, formulated in 1998, addresses issues such as sustainable agriculture, resource management,
technology transfer, water quality and efficiency. Among its most important elements are:

(a) The promotion of the sustainable irrigated agriculture by protecting groundwater resources
(among other methods);

(b) The development of new sources of water, such as wastewater and rainfall;

(c) The use of modern technology, such as genetically engineered plant varieties to enhance
agricultural yield, and advanced irrigation technologies (e.g., cloud seeding for increased rainfall);

(d) The enhancement of water management at the farm level by promoting (for example) the
application of irrigation water by night, the automation of farm irrigation networks, the monitoring of soil
moisture, and examining crop water requirements for micro-climate zones;

(e) The monitoring of the quality of irrigation water at the source and during conveyance, and of the
distribution network, as well as improvement in the quality of wastewater (allowing unrestricted irrigation)
and the testing of soil salinity;

() Improvement in management and administration through better operation and maintenance of
irrigation facilities from sources (e.g., reservoirs, rivers or springs) to farm gate, the use of piped irrigation
networks, the metering of water at the farm, and participatory irrigation management;

(g) The introduction of better water pricing, so that prices can be differentiated according to water
quality, and irrigation water managed as an economic commodity, with prices covering at least operation and
maintenance costs, and, where possible, capital costs;

(h) The introduction of regulation and controls to discourage crops with high water needs through
economic and market forces.

2. Implicit policies

Until the mid-1980s, Jordan witnessed strong economic growth. However, real income growth had
slowed by that time, and the economy actually contracted during the 1988 crisis. In 1989, the country was
unable to meet its external obligations: debt was extremely burdensome (more than 200 per cent of the
GDP), and foreign exchange reserves were very low. Since then, the government of Jordan has embarked on
a phase of broad economic reform, by implementing a long-term structural adjustment process that has been
supported by multilateral and bilateral donors. As a result, many substantial and far-reaching changes have
been made in overall economic and sectoral policies. Among other things, general government policy aims
at:

(a) The containment of external and internal debt;

(b) Fiscal reform, by introducing a VAT system and tax reform;
(c) Improved budget management to reduce the deficit;

(d) Structural reform through privatization.
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The long-term structural adjustment process and the policies related to its implementation have
brought about many substantial changes in the policies of different sectors, including agriculture, food
security and water. The agricultural sector was the first candidate to be reformed, because it was a traditional
recipient of subsidies and was the largest contributor to the government’s subsidy expenditures. In addition,
policy reform, particularly in the agricultural and water sectors, continues apace.

Studies are also recommending that Jordan orient its cropping patterns towards exporting crops of high
value that consume less water (like strawberries, winter vegetables, cut flowers and others), while importing
crops that have high water consumption (like rice, bananas and livestock fodder). It is felt that a water-scarce
country such as Jordan should not export virtual water to water-rich countries in the form of crops that have
high water demands.

Irrigation in Jordan

Irrigation has played a crucial role in the development of the agricultural sector in Jordan. Irrigated agriculture
has helped compensate for the shrinking per capita share of rain-fed land and allowed the cultivation of marginal
land through modern irrigation techniques. It is worth noting that in 1992 cropping intensity was reduced, and crops
received less than the optimum amount of water. This resulted in roughly one half of irrigated water for the Jordan
Valley and Southern Ghor being billed; the break-down for the other half was as follows:

. 7.6 per cent spilled;
. 28.6 per cent normal system losses;
. 13.1 per cent unaccounted for.

This situation requires greater water-resource management skills, improvement in irrigation networks, and the
enhancement of water-storage capacity to reduce spills. Perennial trees are considered high-value crops in Jordan,
and farmers tend to prefer them.

The water supply in the Jordan Valley and Southern Ghor is controlled and rationed by the Jordan Valley
Authority. The volume of water supplied by the Authority to farmers is allocated according to the crop grown and the
availability of irrigation water. In the highlands, irrigation water is mostly groundwater, pumped by the farmer with
virtually no supervision.

3. Optimal cropping pattern and water demand

Agriculture, especially in the Jordan Valley, requires water for irrigation and competes for that water
with the household and industrial sectors. There are substantial differences in the characteristics of water
consumption between the various sectors. For example, compared with agriculture, water demands by
households are not price sensitive, at least for the high-priority uses necessary for human life. On the other
hand, agriculture can utilize low-quality water (recycled, brackish or untreated surface water), while the
household sector and some of the industrial sector can only use freshwater. Another significant difference is
that water supply to households and industry must be extremely reliable, whereas the reliance of the
agricultural sector on a dependable supply of water may not be as important, especially when water is to be
used for low-value field crops. While agriculture is subjected to considerable uncertainty as to water supply,
it also has considerable flexibility with regard to water, since in the same area a large variety of crops can be
grown and other water-consuming activities undertaken.

A linear programming model is being formulated for the Jordan Valley. Its objectives function is the
net agricultural income of the district, which is maximized by selecting the optimal mix of water-consuming
activities. In this procedure, the decision variable consists of the areas of land where the activities are
undertaken. Each activity is characterized by its water requirements per dunum’ (by type of water, soil class,
production technology [whether drip, open field or plastic]) for each district of the Jordan Valley. However,
each activity can, in principle, use one or more types of water. Four water-quality types (freshwater

* 1 dunum = 0.1 hectares.
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[groundwater], surface water, brackish water and recycled wastewater), combined with two production
seasons (autumn and spring) in the three districts of the Jordan Valley produce 24 season/water-quality
combinations. The model can be formulated to support up to 12 different water prices based on season/water-
quality combinations.

4. Tools and institutions used for implementation

Water-policy development in Jordan is initiated by a water-policy committee of the Ministry of Water
and Irrigation (MWI). The committee reviews all relevant documents (including previous policies from other
government agencies) and all literature (including water-policy review papers from the World Bank, the
FAO, other institutions and other countries). The committee has grouped all policies into six major
categories: water resources and supply management; demand management; allocating priorities; water
quality; investment in the water sector; and institutional and legal aspects. Brief policy profiles were
established for each one of these categories.

The irrigation water policy of the MWI and the irrigated-agriculture policy of the Ministry of
Agriculture are in agreement in terms of sustainable use of water resources, irrigation-water management and
irrigation-water quality. Prices and cost-recovery policy for irrigation water are set only by the Jordan Valley
Authority, because it is responsible for delivery and collection of monies. In fact, the role of the Ministry of
Agriculture in irrigation-water policy is limited to public awareness and research, and it has no power in
policy implementation.

Public institutions play a decisive role in the provision of water for irrigation facilities. The price of
irrigation water in Jordan is far lower than that charged to households and the industrial sector and reflects
only a fraction of the true cost of supply. The MWI sets the price of irrigation water and justifies its
cheapness on account of risks at the farm level (e.g., crop failure from disease) and the political demand for
rapidly increasing agricultural production and/or income. The financial deficit that results from this low-
price policy has to be compensated for by the rest of the agricultural sector and by other parts of society.
Efforts are being made by the MWI to set up a tariff system that ensures partial recovery of all operational
and maintenance costs and encourages the efficient use of water.

C. THE WATER SITUATION IN SELECTED OTHER ESCWA MEMBER COUNTRIES

The following sections describe briefly the water availability, the reduction in the agricultural water
share, and the contributions made towards improved water-resource management and irrigation methods in
three countries of the ESCWA region.

1. The Syrian Arab Republic

Surface-water and groundwater resources are used for agriculture in the Syrian Arab Republic; the
domestic and industrial sectors receive water from groundwater resources. However, because of population
expansion and economic growth, competition between the agricultural, industrial and municipal sectors for
the limited water supplies is increasing rapidly. Syrian water development has been designed to irrigate
about 650,000 hectares, even though the area currently irrigated is much less, owing to salinity, waterlogging
and reduced river flows. At present, agriculture accounts for around 85 per cent of the country’s water
consumption. Domestic water production reached 951.6 million cubic metres in 1995, and current
projections suggest that domestic water requirements will increase by between twofold and threefold by
2010. During the 1980s, industrial water demand rose by nearly 900 per cent, and as industrial capacity
continues to grow, current distortions in sectoral water allocation will become more and more apparent.

Irrigation is undertaken primarily on relatively large projects, particularly those in the Euphrates River
basin, where water is provided to private farms, State farms and tenant farmers on State lands. The private
irrigation sector includes farmers who drill wells to extract groundwater and pump water from lakes, rivers
and springs. While the increase in the area irrigated is making important short-term contributions to
economic growth, the current rate of uncontrolled groundwater exploitation is likely to have long-term
social, economic and environmental consequences and will act as a major destabilizing force to the current
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precarious water-sharing situation between different sectors. Significant drops in groundwater levels have
already been documented in the Damascus, Aassi and Aleppo basins (among others), and this diminishing
supply, coupled with growing competition from industrial and domestic water users, is making better water
allocation an urgent concern.

Designing and implementing policies, programmes, projects and techniques to improve water-use
efficiency in all sectors coupled with more effective control of surface-water and groundwater exploitation in
agriculture should be the two most important and urgent concerns for Syrian policy makers. Growing water
scarcity is likely to have important short- and long-term implications for the country’s overall social and
economic development. However, the government is currently addressing a few important water-related
issues, which include among others: better public-sector management of irrigation systems; the introduction
of water-conservation techniques at system and farm levels; the implementation of water-reuse techniques
and water harvesting systems; and the reduction of losses in water-supply networks in towns. These will
improve the overall efficiency of the water sector and should allow greater conservation of water resources,
making the present water-allocation structures more sustainable (Hadeed 1999).

2. Saudi Arabia

The Saudi Arabian government has taken several measures to conserve non-renewable groundwater
resources and to ensure a better balance of water use between agriculture and other sectors by refocusing its
strategy on food security rather then food self-sufficiency. However, there are still critical issues related to
water-resource management in the kingdom: measures for controlling water consumption must be enhanced
to prevent wastage and ensure rational consumption; regulations for conserving water must be reviewed and
strictly enforced; a mechanism for reducing water consumption in agriculture must be developed through
(for example) the expanded use of water-saving technologies; and national standards and specifications for
all water facilities must be prepared. Water consumption and extraction from all sources should be monitored
through effective metering, modernization of water transmission and distribution networks for domestic
purposes, and the adoption of effective measures to improve the collection system. Similar attention should
be given to promoting public awareness through all types of media about the importance of rationalizing
water consumption. All this is expected to lead to greater savings in the quantity of water consumed and, if
coupled with better sectoral water allocation, would allow the net social benefit to be maximized.

The private sector has participated in various water-related activities, such as the drilling of wells, the
construction and maintenance of dams, the provision of drinking water with tankers, the operation and
maintenance of drinking-water distribution networks, the implementation of projects for the reuse of
reclaimed wastewater for agricultural purposes, as well as the supply and installation of pumps and
equipment for water projects. The private sector is expected to play a greater role in the future, not only in
the areas of implementation, operation and maintenance, but also in the domains of finance and management,
thereby helping to improve economic efficiency in its broadest sense (investment, production and
organization). In order to support these initiatives, the government will have to design appropriate policies
that will encourage and enhance sectoral water allocation, such as the development of water markets and
tradable water rights.

In order to save water that could be reallocated to other sectors, the government is implementing a
series of measures. For example, the increasing demand for water for agricultural purposes is being
addressed by reducing the area cultivated with crops with high water requirements (such as livestock fodder
and alfalfa), by suspending the distribution of fallow lands (except in areas with renewable water resources),
by expanding the cultivation of agricultural products with lower water requirements, and by adopting a wide
range of measures to rationalize other water consumption for agricultural purposes. Such measures include
the adoption of advanced irrigation techniques, the determination of water requirements for agricultural
products, monitoring water consumption through the installation of meters on wells, setting tariffs for water
used in excess of the specified water requirement for a particular crop, utilization of the natural comparative
advantages of the various regions to redistribute agricultural products, and the intensification of agricultural
extension programmes to ensure that farmers are aware of the significance of water conservation (Kingdom
of Saudi Arabia, Ministry of Economy and Planning, 2000-2004).
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3. Yemen

Water demands in Yemen are growing because of the high rate of population growth, expansion in the
area irrigated, and rapid industrial growth. The supply-demand gap is widening alarmingly and cannot really
be bridged without rationalizing water use through appropriate water-management and development policy.
The major source of concern is water use in agriculture, as the sector not only accounts for more than 90 per
cent of the total water use in the country, but also has extremely low rates of efficiency of water use, owing
to inefficient water-management practices. Competition among water users for the limited supplies available
is becoming intense and leading to conflict. The government recognizes the problem of depleting water
resources, over-use and mismanagement and has designed a programme that aims to address these issues. It
has outlined the following major objectives for the water sector:

(a) The protection of water resources from over-exploitation, quality degradation, and irreversible
damage;

(b) The allocation of water resources between different sectors to sustain economic growth with
equitable distribution of benefits and balanced demographic distribution;

(c) Satisfaction of society’s need for water, food and ecological stability by meeting drinking-water
requirements, by providing for safe disposal of wastewater and solid waste, by increasing productivity per
unit of land and water, and by maintaining an ecological balance.

The strategy takes into account the specific nature of the natural water-resource systems in Yemen, the
institutional setting, prevailing socio-economic constraints, guiding principles resulting from local custom
and experience, and experience gained elsewhere under similar conditions. It also calls for a halt to
groundwater mining. The strategy consists of a series of general and specific measures that provide the
necessary basis for sustainable economic and social development through the implementation of a
comprehensive water-resource management programme at the national and regional levels. This would
involve, among other things, the planning and implementation of efficient water-resource management
policies in relevant sectors, as well as integrating the management of several water-consuming subsectors at
different levels and improving the current sectoral water allocation. An important element of the strategy is
the proposal to enact legislation to meet national water-management objectives (Essam 1999, Elmahdi 2002).
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VII. CONCLUSIONS AND RECOMMENDATIONS
A. CONCLUSIONS

Water allocation between various uses is an essential mechanism—maybe the most essential—for
adapting to the constraints on water distribution. Agriculture consumes around 80 per cent of the total water
in the ESCWA region, and therefore reallocation of even a small amount of water away from agriculture
could be translated into a very high increase of water available to other sectors. In some countries of the
region, a 5 per cent water reallocation from agriculture could nearly double the total amount of water
available to other sectors, particularly the domestic sector. In Jordan, for example, a 5 per cent transfer of
water from agriculture could translate into the domestic sector’s share in water almost doubling to 15 per
cent (Berkoff 1994).

Efficient sectoral water allocation cannot occur if prices fail to reflect the true costs of water provision
and the scarcity value of water itself. Getting the price right at the subsectoral level is fundamental to
achieving optimal water use not only within, but between sectors. There are many instances where water
pricing in one sector has had a negative impact on water availability or quality in another sector. For
instance, insufficient charges for electricity have been made in pricing groundwater pumping, and this has
resulted in indiscriminate agricultural use and, consequently, the drying up and contamination of domestic
rural drinking-water supplies. Conflicts over water between hydropower and irrigation can also largely be
attributed to the subsidization of water in the agricultural sector. As well as revising the pricing regime,
reforms must also target allocation mechanisms themselves. Key areas are: (i) improvement of the
administrative allocation of water by incorporating economic or value-based criteria into decision-making;
(i1) development of administrative brokering of compensated trades; and (iii) development of formal water
markets, including the establishment of institutional, legal, regulatory and technological frameworks. Reform
in these three areas is based on a common rationale: sectoral water allocation should incorporate an
economic dimension, whether it occurs through negotiation or through ‘automatic’ market exchanges. The
suitability of one allocation mechanism over the other will depend on circumstances, but the end result
should be one of mutual benefit to the parties involved.

The current annual water resources available within the ESCWA region are about 197.61 billion cubic
metres, while the total requirements to satisfy various human activities are estimated at 170.17 billion cubic
metres. If we take the water poverty/scarcity line to be 1,000 cubic metres per capita per annum, it is
expected that most ESCWA member countries will face severe water shortages by the year 2025. The
situation will become critical as the population increases, based on current population projections for 2025
and assuming no changes occur in the availability of water. By 2010, only two ESCWA member countries
(Iraq and the Syrian Arab Republic) will be above the water poverty/scarcity line, and only Iraq will stay
above this line in 2025 (although the water quality in Iraq has been affected by the war there). The situation
is alarming in the extremely water-poor countries such as Jordan, Palestine and Yemen, as is the
deterioration in water quality. The current and future water-scarcity situations need action on both sides of
the water balance equation, either by increasing supply or managing demand better. Most of the available
water (92.53 per cent) is located in only four ESCWA member countries: Iraq (37.38 per cent), Egypt (34.65
per cent), the Syrian Arab Republic (11.60 per cent) and Saudi Arabia (8.90 per cent). These countries also
have the highest population densities and, as their populations increase, their water wealth will be invaluable.

Water allocation is about sharing the available water between the economic development and
environmental considerations of the present and the future. It is also about social equity, not only sharing
between current and future generations, but also about sharing between sectors (public water supplies,
industry, agriculture and recreational use). Several possible allocation mechanisms and policies have been
outlined above. Water allocation policies vary from country to country, with each adopting their own
mechanisms that are dependent on natural conditions, social and economic structures, and political influence.

Water-resource policies should always be evaluated in terms of their effects on the environment, as
well as their economic and socio-political aspects. Some ESCWA member countries already have serious
water-deficit problems arising from insufficient resources for increased populations; other ESCWA member
countries will soon have these problems. It is almost impossible to develop more resources within the
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ESCWA region. Nevertheless, some countries have already started programmes to manage demand by
improving water-use efficiency and maintaining water quality.

Expected droughts will allow the hydro-political agenda to be renegotiated. Such renegotiations
usually involve the introduction of notions of sustainability, linked to a demand-management strategy.
Enforcing water charges may help in water conservation, but it is not of itself enough to achieve an effective
water allocation policy. The solution to the worldwide water shortage is to make the use of water among
sectors efficient, using allocation policies that take the two principles of economic efficiency and equity into
consideration. These two principles together make decision-making compatible with social objectives.

This study has outlined several criteria used to compare appropriate means of resource allocation used
to achieve optimal allocation. Cost-benefit analysis is the most common method for evaluating different
alternatives for a project. The model also can serve as a decision-support device, suggesting to planners (for
example) what crop pattern is likely to prove optimal under different policies. Recently, mathematical
models based on operational research and developed from systems engineering have been used in water
allocation to solve the economic functions, which are non-linear in nature. These models also serve as
decision-support tools, suggesting to planners what crop patterns are likely to prove optimal under particular
policies.

All types of allocation policies are found in ESCWA member countries, including marginal cost
pricing, public allocation, user-based and market allocation. The application of each is subject to certain
conditions, but no single type is best for all conditions. Although user-based allocation is more flexible than
public allocation, its application in the region remains in its early stages, limited to small-scale projects in
Jordan, Egypt and Tunisia. So far, user organizations have not been able to provide services to users in a
sustainable manner.

Only a few member countries in the ESCWA region apply market allocation principles, in spite of the
advantages of the incentives they provide for users to seek the highest-value application of water resources.
Water-market allocation is applied in Jordan on a small scale to all sectors: to the agricultural sector, where
the cost of water is governed by economic efficiency; to the domestic sector, where the price is based on the
cost of water; and to the industrial sector, where the price includes a cost-recovery element. Water market
allocation principles are practised under conditions of scarcity and during crises. Few cases of tradable water
rights can be found, apart from in the Southern Ghor of Jordan, where farmers prefer to sell their rights to
industry. The practices outlined are not regulated, so government should be committed to developing and
supporting water-market and tradable water-rights legislation.

In general for the ESCWA region, the following can be concluded.

1. The role of governments in water allocation has been successful, as they take economic-efficiency and
equity principles into consideration.

2. Agriculture is the last and residual claimer of water, which means that water allocation to agriculture
can be viewed as State policy.

3. The implementation of a water-pricing policy as an incentive for improving on-farm irrigation
efficiency and water productivity has been very successful.

4. The involvement of the private sector in water distribution (by way of management contracts) has
improved system performance and reduced unaccounted for losses at an annual rate of 5-7 per cent (in
Jordan for example).

5. Appropriate pricing and market-mechanism policy have encouraged farmers to grow crops with high
net returns per cubic metre of water that are in demand in the domestic and export markets.

6. Formulation of the National Strategy for Agricultural Development as a tool for agricultural policy
implementation has been successful and is considered to be a first step toward implementation. The main
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reason for its success is the involvement of target groups, individual farmers and decision makers in the
process of strategy formulation.

6. Agricultural reform policy brought a slackening of the economy and investment in the short term
(1994-2000), but the economy has picked up since 2000.

7. The policy of limiting the role of the government to regulation, control and support, such as extension
and research, has been translated in the new agriculture law.

B. RECOMMENDATIONS

A national policy whose aim is access to water for all should be designed in such a manner that
irrigation does not result in long-term harm to soil health and that social equity is ensured in the sharing of
available water. Participatory management of irrigation water resources, including systems of rotational
distribution of water, will help to foster the equitable and efficient use of water. Pricing policies should take
the inter-generational equity aspects of water use into account. The basic objectives of a successful water
policy should be:

(a) To allocate and use available surface water and groundwater in a sustainable manner;
(b) To express allocated water as a volume of water that may be taken and used;

(c) To use water resources efficiently;

(d) To maintain water quality;

(e) To maintain ecosystems dependent on groundwater;

() To maintain aquifers.

Based on the review of water-allocation policies in this study, it is recommended that:
1. Irrigated areas be reduced if there are low returns from the agricultural sector;

2. The saved water be reallocated to the industrial sector, where its return is the highest of all the
economic sectors (this will help create more jobs and will have a social and economic impact as a result);

3. Provision of water for domestic use should not be jeopardized;
4. Agricultural policies should be focused among other things on reducing the amount of irrigation water,

improving efficiency, changing crop patterns, applying deficit irrigation methods, and using modern
irrigation techniques and drip irrigation.
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Annex
COST-BENEFIT ANALYSIS SPECIFICATION

For the consumption of water in agriculture and industry, if y, is defined as the production generated
in year t with a specific water allocation, and c,(y;) as the cost associated with utilizing that water in
production, then the gross returns obtained in year t with the specified water allocation are given by

Ry =pyi—ci(yi)

Similarly, if yy is the production generated in year t with a new water allocation, the returns in year t
would be given by

Ry = Ptyat — Cz(th) — Cat

where c)(y2) is the cost associated with utilizing the water in agricultural or industrial production, and
cy the cost of reallocating the water (additional investments, if any; maintenance costs of bringing water to a
new location, etc.). The net benefit obtained by adopting a new water allocation in any given period would
therefore be given by

NB =Ry —Ry;
wheret=1,2...T.

Variations in agricultural output as a result of a change in water allocation will be calculated
approximately using an FAO (1979) formula, as follows:

YA = (I-Ky).Yp

Y and Yp are respectively the actual and potential output, and Ky a yield response coefficient (for the
major crop produced). Ky describes the fractional reduction in yield relative to its potential at full water
supply (Yp) and has been determined by the FAO for several crops (FAO 1979). To facilitate this analysis,
the rate of evapotranspiration is considered to be zero.

For domestic water consumption, if wy, is defined as actual water consumption, c(wy;) as the cost
associated with the supply of that water, w, as the potential water consumption for a given level of income,
Po as the maximum tariff of water charged at full use, and e as the price elasticity of water demand, then the
returns on water use for domestic purposes in year t with a specific water allocation are given by

Ry = Wopo/(1Fe ) [(Wi/wo) S +2/e+1] — Wiwei (W1y)

Similarly, if wy, is the production generated in year t with a new water allocation, the returns in year t
would be given by

Ry = Wo.po/(14e ™) [(Wa/Wo) S +(0.743 — 1/(1+e™))] — WarCao(Wa() — Cat

where wy is the new level of water consumption, cy(Wy) the cost associated with the supply of that
new level of water, and c, the cost of reallocating the water (additional investments, if any; maintenance
costs of bringing the water to a new location, etc.). As for the industrial and agricultural sectors, the net
benefit obtained by adopting a new water allocation in any given period would be given by

NB =Ry - Ry
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wheret=1,2...T.

Another way to measure the different productive uses of water is to calculate water’s value added in
each sector (Bakker 1999). This value added is also known as the productivity factor of water and is defined
as

VA =Ry/wy

where wy, is the volume of water. Losses and benefits in different periods are discounted back to the
current period and set against each other. If r is the discount rate, then the net benefit, in present-value terms,
of reallocating water to an alternative use is given by

Implementing a new water allocation will be profitable if NPV > 0. If new investments are required to
implement the new water allocation, the net benefit is likely to be negative for the period in which the
investment is made. Several years could pass before the new water allocation becomes more profitable than
the previous one. In that case, additional time would be required before the cumulative benefits of the new
water allocation are sufficiently high to pay back the initial investment. If the investment required is quite
substantial, repayment of the investment might not occur, and implementing the new water allocation would
thus be economically profitable for a particular country or area.

The NPV is the criterion most commonly used to judge the profitability of alternative investments, but
other criteria can also provide good insights. For example, the internal rate of return (IRR) is the discount
rate under which the NPV is equal to zero or (in other words) the discount rate is such that:

C (RZI_RII)_
Z (1+i)’ =0

This measure is most useful when the discount rate to be used cannot be established easily (as is
commonly the case).

It is also often useful to know the number of years before the initial investment is repaid, that is, the
smallest number of years such that

ZT:(R%_R”)>O
= a+)

This measure is particularly useful when the planning horizon of policy or decision makers is
restricted or uncertain.

Cost-benefit analysis does not usually provide any optimization, and because options are usually
considered in pairs, there is no guarantee that other unexamined options may not be preferable to both
options examined. However, the method’s usefulness lies in the fact that it facilitates comparison of
numerous alternative water allocations, so that the most profitable alternative may be chosen. Furthermore,
because cost-benefit analysis is a widely used technique, the results of calculations are simple to
communicate to policy makers. The calculations are easily carried out in a spreadsheet programme, which
has the added advantage of allowing a sensitivity analysis.

For cost-benefit analysis to take place, the consequences of alternative water allocations on the outputs
and quantities of water consumed in different sectors must be quantified. Water use is sensitive to economic
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factors such as prices and incomes (in the case of domestic water demand), and to prices and output levels
(in the cases of commercial, industrial and agricultural water demand) (Renzetti 2000). To analyse water
allocation in the agricultural and industrial sectors, the data required will be aggregate production values; the
quantities of water consumed by sector; and costs, which can be obtained from World Bank and ESCWA
data. Other data, such as the price elasticity of water demand, can be put together from secondary sources
(Ringler 2001, FWR 2001, Manwaring 1998).
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Annex II

ADDITIONAL DATA RELATING TO WATER AND
THE AGRICULTURAL SECTOR IN EGYPT

TABLE 1. PROPOSED CROPPING PATTERN

Area (in thousand feddans)
Crop 2007 2012 2017
Long berseem 1750 1900 2 000
Short berseem 875 875 900
Wheat 2700 2 850 3500
Barley 350 400 400
Beans 380 420 450
Lentils 35 60 75
Fenugreek 50 60 75
Chickpeas and lupins 50 60 75
Flax 50 60 75
Onions 90 125 150
Garlic 50 60 70
Sugar-beet 100 125 300
Vegetables 550 650 800
Medicinal plants 90 160 200
Others 15 20 25
Winter total 7135 7 825 9095
Cotton 1 000 1 000 1 000
Maize (S+N) 2 400 2 750 3150
Sorghum (S+N) 420 450 500
Rice (S+N) 1 000 1000 1 000
Groundnuts 200 250 300
Sesame 150 200 300
Soya beans 150 200 300
Sunflower 150 200 300
Yellow maize (S+N) 200 250 300
Green fodder (S+N) 550 650 850
Vegetables (S+N) 1300 1 600 2 500
Others (S+N) 225 250 300
Summer total 7745 8 800 10 800
Sugar-cane 290 290 290
Fruit 1250 1400 1650
Alfalfa 55 60 65
Total perennial crops 1595 1750 2 005
Total cultivated area 8 855 9700 11200
Total cropped area 16 475 18 375 21900
Cropping intensity 1.86 1.89 1.96
TABLE 2. SHARE OF AGRICULTURE IN EGYPT’S ECONOMY
1980 1985 1990 1998 1999

Share of agriculture in GDP (%) 25.4 19.3 19.9 17.0 16.2
Share of agriculture in export (%) 22.5 17.7 20.3 12.0 ok
Share of agriculture in employment (%) 37.9 37.5 34.2 30.0 30.0

Source: Ministry for Agriculture and Land Reclamation, statistical report.

*** not available.
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