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Preface

This volume is intended to serve as a water handbook. It represents
the collective knowledge about water resources management acquired
over recent years, both within the World Bank water team and with
counterparts working in the Arab countries of North Africa and the
Middle East (MNA).

The chapters offer a cornucopia of ideas and themes. Some chap-
ters are based on background papers prepared for the 2007 “MNA
Development Report on Water.” Others draw on sector work prepared
at the request of client countries. Yet others summarize observations
based on study tours or other learning events sponsored by the World
Bank.

Upon reviewing this lodestone of embedded knowledge, we real-
ized that bringing together our observations and analyses could serve
a useful purpose for public officials, other practitioners, academics, and
students who are interested in learning more about the complexities
of managing water resources management in one of the driest parts
of the world.

N. Vijay Jagannathan
Ahmed Shawky Mohamed
Alexander Kremer
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Introduction: Beyond WRM—
Unbundling Water Management

in MNA Countries

N. Vijay Jagannathan, Ahmed Shawky
Mohamed, and Christopher J. Perry

ver the past two decades, water management in the MNA

countries has been strongly influenced by the idea of inte-

grated water resource management (IWRM). This process
advocated new approaches for the assessment, management, and
development of freshwater resources.

IWRM processes attempt to provide holistic solutions to water
issues. They depend on the commitment of governments and com-
munities to adopt new approaches and back them by “substantial and
immediate investments, public awareness campaigns, technology de-
velopment, capacity building programs, and legislative and institutional
changes” (Salman 20006).

In the MNA context, IWRM is particularly vital because hydraulic
infrastructure plays such a critical economic role. These countries are in
either the arid or hyper-arid zone, depend on seasonal rainfall, have very
few rivers—some of which carry runoff from other countries—and often
rely on fragile (and sometimes nonrenewable) aquifers. Consequently, their
economies are much more sensitive to the way that water is extracted,
conveyed, and consumed than are the economies of other regions.

Frederiksen (2005) distinguishes between resource stewardship
(which is always a function of government, exercised on behalf of the
nation) and service provision (which may be public, private, or coopera-
tive). Once water resources are scarce and the possibility arises that
one use affects another, the stewardship function must set some of the
boundaries for service provision to protect the interests of all users.! If

"' The same point, although described for just the water supply and sanitation sec-

tor, is made by World Bank 2004.
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these institutional processes are inadequate or arbitrary, the outcome

will not be optimal; but rather, one of wasted public finances, conflicts,

and unproductive water use.

New Concern: Climate Change

Looking ahead, climate change poses additional challenges for IWRM:

“Water managers have long dealt with changing demands for water

resources. To date, water managers have typically assumed that

the natural resource base is reasonably constant over the medium

term and, therefore, that past hydrological experience provides a

good guide to future conditions. Climate change challenges these

conventional assumptions and may alter the reliability of water

management systems.”

—Bates and others, Intergovernmental Panel

on Climate Change, 2008, 48

This stark statement applies nowhere more forcefully than in the

MNA countries. While average rainfall worldwide is anticipated to in-

crease marginally, for the MNA region, the picture is quite different. For
North Africa and the Middle East region over the next century, the 2008
IPCC report anticipates declining rainfall (—10 percent to —25 percent);

declining soils moisture (-5 percent to —10 percent), declining runoff

(—10 percent to —40 percent), and increasing evaporation (+5 percent to

Figure 1.1 Large-Scale Relative Changes in Annual Runoff
for 2090-99, Relative to 1980-99

Sources: Milly and others 2005; IPCC 2008.
Notes: White areas: Less than 66% of the ensemble of 12 models agree on the sign of
change. Hatched areas: More than 90% of models agree on the sign of change .

+20 percent) (IPCC, figure 2.8;
ranges are indicative, interpreted
from figures in text).

Figure 1.1 reproduces figure
2.10 of the IPCC report, showing
the details for runoff.

The key IPCC messages for
MNA are the high incidence of
reduced flows; severity of the
projected declines in rainfall;
higher temperatures; and agree-
ment (indicated by hatching in
figure 1.1) of the vast majority
of models on the negative direc-
tion of change. These changes
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will create a new and more difficult context for water management.
They further elevate the significance of the stewardship function of
current generations of water managers for the future generations of
water users for two reasons:

1. The future is likely to experience more competition and conflict
among countries, sectors, communities, and individuals over water.
The farmer lobby likely will demand more water, arguing that crop
needs increase with temperature and rainfall variability. Urban water
utilities will demand more water to meet the needs of growing, more
prosperous populations. Finally, increased environmental flows will
continue to be necessary for rivers and streams to maintain and
regenerate themselves. At either the subregional or regional level,
finding solutions to move water from one location to another (as
from sparsely populated irrigated areas to growing cities, or from a
municipal treatment plant to a water-stressed agricultural region for
reuse) will meet stiff political and social resistance.? At the macro and
international levels, crafting politically acceptable policies that set in
motion the required adjustments among all the affected stakehold-
ers will require institutional mechanisms that mitigate conflicts and
enhance a culture of benefit-sharing.? Under these circumstances,
policymakers are faced with the challenge to craft policy instruments
that balance sustainable water management against the various
political and social conflicts, while learning what is working and
what is not working in existing programs and policies.

2. Agriculture (which utilizes 80 percent—90 percent of water in most
MNA countries)* will not enjoy guaranteed water supply at past
historical quantities. If there is increased variability in rainfall (as
has been experienced in southeast Australia in the Murray-Darling
Basin), increased requirements for municipal and industrial use will
cut into agriculture’s water share.’ Farmers perforce will have to
change water usage patterns at a time when plant water requirements

2 “Subregional level” refers to aquifers and river basins within a country. “Regional
level” refers to watercourses that are shared between two or more countries.

3 See Sadoff and others (2008) for a description of how benefit-sharing concepts
have led to greater cooperation among Nile riparian countries.

4 Share of different subsectors’ water consumption in the MNA countries is avail-
able in the “MNA Development Report on Water” (World Bank 2007).

5 Personal communication from Professor Michael Young, who has been advising
the water regulators of the Murray Darling Basin on how to regulate and manage
these difficult trade-offs.
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are increasing. For areas that already are operating with far less water
than is required, changing water use patterns will make management
more difficult. For areas whose supplies currently are adequate (most
of Egypt, for example), the entirely new challenge of managing
alternating abundance and scarcity will arise.® Country- or region-
specific strategies for agricultural water management will need to be
developed that focus on agricultural income productivity per unit of
water, rather than per unit of land.’

In brief, IWRM approaches so far have advocated a holistic “think
integrated,” but “act disintegrated” approach to water management. In
contrast, the forthcoming challenge—due to climate change—will be to
also manage the social, political, and institutional processes of balancing
the water use interests of present generations vs. future generations.?

What do these trends imply for IWRM programs in MNA countries?
This volume argues that one needs to look beyond IWRM processes
to learn more about the key actions that need to be taken on the in-
stitutional, economic, and technological fronts.

Are the Arab Countries Well-Positioned to Face These New
Challenges?

Most countries in the MNA region face challenges on both fronts,
with regard to both managing water resources in a sustainable manner
and ensuring affordable and reliable water service delivery to farmers,
households, and industries.

m In the case of water resource management, mechanisms for allo-
cating water among countries and among sectors within countries
need to focus on generating sustainable outcomes. The outcomes

¢ [IPCC estimates suggest that, with higher rainfall in the catchment areas of the
Nile River, the inflows into Lake Nasser-Nubia are likely to increase, leading to larger
spillovers into the Toshka depression because of capacity constraints in this massive
reservoir. Meanwhile, downstream in lower Egypt, municipal and industrial uses will
continue to cut into the agricultural water share. The abundance of water is in an
area of hyperaridity and very low population density (Toshka), whereas the scarcity
of water is in the area of very high population density (Nile Delta).

" The good news is that recent developments in technology have the potential to
enable this shift in measurement. See chapters by Bekele and others and Perry and
Bucknall.

8 See Briscoe and Malik 2007.
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must be sustainable in both their social/political aspects (that is,
minimizing prolonged conflicts among competing users), and the
environmental aspect (that is, soundly managing aquifers to avoid
groundwater depletion, and maintaining instream water quality in
rivers and lakes).

m  Regarding water service delivery, responding to user demand is a
continuous challenge that will be exacerbated by climate change. In
addition, several countries in the region have a vicious circle of poor
service delivery exacerbated by high operations and maintenance
(O&M) costs, low end-user tariffs, the resultant tendency to “back-
load” or defer maintenance, and, consequently, poor services.

In summary, water management in general has suffered from
poor accountability (both external to service users and internal within
resource management and service delivery organizations). More and
more investments are being required to remedy the deferred mainte-
nance of already installed hydraulic infrastructure in the region (World
Bank 2007).

Figure 1.2 represents four possible outcomes. The vertical axis
classifies two situations: (I) one in which the financial sustainability
of irrigation and water supply services has been achieved by recover-
ing O&M costs from service users, and (2) the other in which there
is inadequate cost recovery. The horizontal axis classifies countries
in two categories: according to whether they have or have not been
able to sustainably manage the water resource base. It describes their
success in achieving the stewardship function. Predictably, countries
with sources of renewable sur-
face water (such as large rivers)

. . Figure 1.2 Conceptual Framework to Explain Ideal IWRM
do relatively better in water re-  Qutcomes

source management compared

to countries that depend wholly Jordan, Lebanon,

. . . Tunisia, some GCC
on groundwater, which is easier

OV

to over-exploit, and more dif-
ficult to control. Morocco
Of the four possible out-

comes, conceptually only one

Iraq and Iran

NO ;
Yemen, WB&G

Financially sustainable services

(the upper right box) will lead "

Syria

to sustainable outcomes, or the
IWRM ideals. In the other three i L

Sustainable use of the WR base

boxes, failures in policy, or in the
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Box 1.1 What a Water Steward Should Monitor

To avoid the obvious confusion that arises when improved efficiency in one sector increases

the water available for other uses, while improved efficiency in another sector decreases

the availability for other uses, the following terminology was recently adopted by the

International Commission on Irrigation and Drainage (Perry 2007):

Consumed fraction (evaporation and transpiration) comprising

Beneficial consumption, consisting of water evaporated or transpired for the intended
purpose—for example, evaporation from a cooling tower, transpiration from an ir-
rigated crop.

Nonbeneficial consumption, consisting of water evaporated or transpired for purposes
other than the intended use—for example, evaporation from water surfaces, weeds,

moist or waterlogged land.

Nonconsumed fraction, comprising

Recoverable fraction, consisting of water that can be captured and reused—for
example, flows to drains that return to the river system and percolation from irrigated
fields to aquifers; return flows from sewage systems.

Nonrecoverable fraction, consisting of water that is lost to further use—for example,

flows of brine from a desalination plant.

implementation of policy, result in countries falling short of the IWRM
ideals.

The two axes of this diagram (finance, and water) present the
two key facets of IWRM. The vertical axis describes to what degree
a country is managing its water in a financially sustainable manner.
The rules for financial accounting are known and proven—there is
no debate about what constitutes a payment, a receipt, a stock, and
a flow. There is an economic and political trade-off between spending
$1 toward construction of an urban water supply system vs. spending
$1 on an irrigation system. Once the system is constructed, unless
costs of investments, operations, and maintenance can be recovered
from the users, the contingent liability in the Ministry of Finance will
increase rapidly.’

? Countries have major variations in cost recovery policies, with consequences for
benefit incidence. See Shawky chapter on “Benefit Incidence Analysis in Egypt’s
Water Resources and Irrigation Sector.”
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The horizontal axis describes how far a country is managing its
water in an environmentally sustainable manner. This aspect is more
complex in terms of monitoring and building up remedial actions. For
example, when a cubic meter of water allocated to an urban water
supply system goes to a household, most of this water is released back
to the water system as wastewater. If the latter is collected and treated
(requiring capital-intensive investments, of course), the receiving
water body is able to regenerate itself in both quantity and quality. In
contrast, a cubic meter of water delivered to an irrigation project will
largely be consumed— through transpiration by crops and evapora-
tion. The remaining part of the original diverted water is returned to
the hydrological system.

Urban water supply systems  Figure 1.3 Water Consumptive Uses and Losses

serve primarily nonconsumptive

. Consumed fraction
users, while the whole purpose of

anirrigation system is to increase
crop water consumption. “Using”
water is thus not as unambiguous o
as “spending” money, because
agriculture has both consump-

. . Consumed, non-
tive ancl nonconsumptlve uses beneficial

of water. The proportions of the

two categories vary from region Nonconsumed
nonrecoverable

to region. Depending on agro-

climatic conditions, the sustain- Nonconsumed
recoverable

ability of the water resource base

could be severely jeopardized by

unproductive consumption by agriculture and by inadequate policy
attention being paid to managing the recoverable, nonconsumed frac-
tion.!” Figure 1.3 shows these distinctions with illustrative data. In a dry
region such as MNA, minimizing nonbeneficial consumption (such as
evaporation from reservoirs, open canals) and optimizing the extraction

19 Definitions: (a) Water use is water made available deliberately by rainfall or other
natural means for an identified activity. The term does not distinguish between uses
that remove water from further use (evaporation from wet soil or wetlands; tran-
spiration from irrigated crops, forests) and uses that have little quantitative impact
on water availability (navigation, hydropower, most domestic uses).

(b) Withdrawal is water abstracted from streams, groundwater, or storage for any
use, comprising (1) groundwater sinks, deep aquifers that are not economically ex-
ploitable, or (2) flows to the sea.
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of recoverable fractions (such as sewage flows and farm runoffs) clearly
become key policy priorities of future stewardship.

Organizational Framework for the Contributions to This Volume

The volume is organized around the observation by Perry (2003, 2008,
and forthcoming) that water management at a time of societal competi-
tion for the resource could be viewed in terms of five elements:

1. That the water supply is known and accessible to the user
groups—not necessarily precisely, but at least based on experience.
Over time, and with experience, the users are able to ASSESS the
availability of water and what institutional measures it would take
to keep this availability in future years.

2. The users at each level have agreed on the principles for sharing
water (for example, prioritized by use or shared in accordance with
land-holding or contribution to the original development). This is
a BARGAINING process.

3. The agreed principles for sharing are translated into operational
rules that govern day-to-day distribution of water. This is a process
of CODIFICATION.

4. Where necessary—particularly for larger schemes in which a number
of farmer groups exist—intermediate responsibilities and arrange-
ments for implementation are defined. This is DELEGATION.

5. Finally, delivering the service requires infrastructure—
ENGINEERING.

Taking a historical example, the Egyptian irrigation system evolved
over several millennia as riverine communities learned how to harness
the annual floods to develop irrigated agriculture in an arid climate.
Through collective action that involved defining individual and group
roles and responsibilities, these communities constructed inundation
canals, and later devised the sakia, or Persian wheel, to lift water to
their fields. Similarly, in the coastal areas of Yemen, communities
harnessed flash floods or spate flows from the highlands through an
elaborate system of earthen dikes and irrigation structures to grow food
and cash crops. Developing complex institutional rules that created

"'"The framework was adopted during a meeting in Abu Dhabi in July 2008 to consider
the proposed Arab Water Academy as a hub for organizing research and training.
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incentives to collaborate and constructing physical structures that
provided irrigation water to groups and to farmers within groups were
the two key features of Yemen’s process. Obviously, another key ele-
ment was the learning and feedback loop, through which institutions
evolve and more hydraulic infrastructure gets augmented.

Where there was more than one level of management (as in
Egypt’s inundation systems, or among the spate structures of Yemen),
the framework can be applied at both levels—first allocating the main
supply among user-groups, then allocating the group supply among
individuals.

Organizing this book around the ABCDE framework enables the
reader to appreciate the multifaceted nature of water management. In
other words, public, private, and individual actors all contribute to
successful water resource management; a variety of technologies are
useful; both written laws and customary practice are effective; and
facilities may be collectively owned, or constructed and operated by
government. Successful water resource management requires that all
the ABCDE elements are in place and are mutually compatible. The
key is not particular patterns of ownership, types of water rights, or
irrigation technology, but rather that each component is compatible
with the other parts. Because they are integrated, when any of these
components is changed, there will be significant implications for other
components.

Compatibility among the ABCDE components is a feature of tradi-
tional water management systems that are based on limited information
but extensive experience, simple technologies, and predictability of
natural events (floods, droughts, seasonal rainfalls). For example, the
organization of spate irrigation in Yemen, aflaj in Oman, ganat in Iran,
and mesqas in the Nile delta was based on the knowledge passed down
from one generation to another of water stocks, flows, and seasonal
variability. Bargaining within groups led to the internalization and in-
stitutionalization of behaviors within and among groups. Codification
took place either informally through norms and conventions, or formally
through Islamic jurisprudence. Certain rights and responsibilities were
delegated among farmers, while others devolved to village leaders and
sheikhs. Decisions on when and what to construct were based on a long
process of community engagement that was fairly well grounded in terms
of (1) awareness of water availability and constraints, (2) institutional
rules that were accepted by community members, and (3) construction
technologies familiar to communities.
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Much of traditional water management has changed in the past 50
years. New technologies arrived that short-circuited traditional pro-
cedures for accessing and utilizing water. Financing options for lumpy
investments changed relationships within communities and, more im-
portantly, between communities and the state. In the latter situation,
state agencies assumed the full responsibility for the assessment phase,
as well as for codifying rules to access investment finances. In practical
terms, the state appropriated the right to decide where and when to
invest in hydraulic infrastructure and to whom to provide the resultant
water services. Under these circumstances, bargaining processes that
had centered on local, well-understood norms and conventions were
supplanted by communities “receiving” irrigation and water supply
services from large government-sponsored programs. The decline of
informal norms and conventions led to examples of water capture by
elites, particularly when energy subsidies gave wealthy landowners
privileged access to powerful pumpsets. Overall, these capital-intensive
investments substantially impacted delicate water balances, altered
the flow of rivers, increased the pace of groundwater extraction, and
aggravated competition among water users.

Observed Variants of the ABCDE Model

In this section, some observed “unbundled” practices are described in
terms of the ABCDE framework.

Moving Straight from A to C

In this variant, assessment of water availability is based on historical
data and onsite technical investigations by a state agency. Little atten-
tion is paid to water accounting (box 1.1). The state agencies usually
assume that, because water is available at the proposed investment
location, the water “surplus” can be used either without detriment, or
with suitable compensation, to existing users. The state agency also
makes no attempt to define a formal specification of a water entitlement.
Under these circumstances, not enough attention gets paid to assessing
what worked and what did not work in existing informal institutional
arrangements. Codification is focused around financing rules, because
the state typically finances the capital investments. However, it im-
poses weak conditionalities for cost recovery from users. Once funds
are made available, engineering solutions are implemented.
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Moving Straight from A to C and Then to D

In response to the weaknesses of the earlier approach, the codification
process recognizes the need to delegate responsibilities with a modified
set of rules that separates the public and private good aspects. The for-
mer are paid by the state; the latter are paid by water users who benefit
from using the service. Concerning water resources, in the absence of
a basin- (or aquifer-) level accounting framework, there is no certainty
that water entitlements are consistent with overall availability.

Introducing B in the Process

Given today’s climate change concerns, assessments of water availability
based on past data are no longer reliable. For example, in Morocco’s
river basins, recent precipitation has been 30 percent—40 percent lower
than the historical trends (although 2009 rainfall has been adequate).
Irrigation infrastructure in the large-scale irrigation perimeters (ORM-
VAs, or regional irrigation and agricultural development agencies) was
designed based on rainfall data of past decades. Thus, this infrastruc-
ture over-designed water conveyance networks and under-served the
beneficiary farmers. Farmers respond to the lack of reliable surface
water by investing in pumping groundwater, often in excess of safe
yields. Under these uncertainties, A and B become immediate priori-
ties. Assessments and feedback of the risks to water resources from
accelerating climate change, financing constraints, and population
shifts to cities require information and knowledge-sharing among all
water stakeholders in the country. Different forms of bargaining and
institutional arrangements ranging from informal contracts to tradable
water rights become relevant policy options that need to be debated.

Organization of Chapters

The chapters of this book are organized to present MNA staff obser-
vations and analyses of various aspects of IWRM through 3 types of
activities commissioned over the past 3 years:

1. First and most significant, the MNA Sustainable Development
Department’s economic and sector work (ESW) in Arab countries.
This work was summarized in the 2007 “MNA Development Report
on Water” and in other initiatives of individual team members.

11
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2. Insights and analyses by the MNA water unit staff on specific country-
oriented topics that could be of general interest in Arab countries.
3. Observations from study tours and project-level engagements by

MNSSD staff.

The organizing principle for these chapters has been the ABCDE.
Predictably, the assessment section has the largest and most diverse
selection of chapters. They range from general themes such as gov-
ernance and climate change to specific assessments of topics that of-
fer useful learning and knowledge-sharing to the reader. The second
(B) section illustrates the importance of bargaining among water stake-
holders to reach sustainable solutions. The third section reviews the
various “rules of the game”—both formal codification experiences in
the region vis-a-vis water laws and specific financing rules that alter
incentives for water service delivery. The fourth (D) section reports
on specific country-level initiatives that have delegated water service
responsibilities to the lowest appropriate level. The final section evalu-
ates the emerging opportunities offered by innovative technologies that
could be harnessed to meet the emerging water challenges.

Assessments of Water Availability and Water Management

A1. Bridging the Practice Gap in Water Management: Lessons N. Vijay Jagannathan
from the “MNA Development Report on Water”

A2. Egypt: Water Sector Public Expenditure Review Ahmed Shawky Mohamed and N. Vijay
Jagannathan

A3. Assessing the Efficiency and Equity of Water Subsidies: Ahmed Shawky Mohamed, Alexander

Spending Less for Better Services Kremer, and Manish Kumar

A4. Applications of Latest Technologies and Hydrological Models  Bekele Debele Negewo, Julia Bucknall, and
in Water Resource Management and Planning in MNA Region Ahmed Shawky Mohamed

A5. Water Resource Assessment in the Arab World: New Christopher J. Perry and Julia Bucknall
Analytical Tools for New Challenges

A6. Egypt Case Study: Energy Efficiency CDM Program: Abdulhamid Azad
Irrigation and Drainage Pumping Sector

A7. Accountable Water and Sanitation Governance: Satoru Ueda and Mohammed Benouahi
Japan’s Experience

A8. Tunisia’s Experience in Water Resource Mobilization Mohamed El Hedi Louati and Julia Bucknall
and Management

A9. Lessons from the Rehabilitation of the Water Supply Sana Agha Al Nimer
and Sanitation Sector in Post-War Iraq

A10. Governance in Yemen's Water Sector: Lessons from Maher Abu-Taleb and Richard Calkins
the Design of an Anticorruption Action Plan
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The first 10 chapters summarize the World Bank Middle East and
North Africa Region (MNA) findings from assessments of key policy
issues relating to water management in terms of the resource itself
(both in terms of quantity and quality), financing, and implications for
global public goods.

m  The first chapter summarizes the lessons from the 2007 “MNA
Development Report on Water.”

m  The second and third chapters describe the findings of a Public
Expenditure Review (PER) on water in Egypt, and analyze who
among the various stakeholders have benefitted from existing public
expenditures on water.

m  The fourth chapter describes how remote-sensing (RS) data and
modeling techniques provide new tools for water planners and
project managers.

m  The fifth chapter looks at how irrigation management practices need
to be changed to effectively respond to climate change predictions.

m  The sixth chapter describes the new financing mechanisms made
available to the irrigation sector in reaction to rising global concerns
about climate.

m The seventh chapter presents the Japanese experience in bench-
marking the performance of the water and sanitation service
providers.

m  The eighth chapter presents the case of inter-basin water transfers
in Tunisia.

m  The ninth chapter describes the lessons learned in Iraq toward
reforming the water supply and sanitation sector after the war.

m  Thelast chapter discusses new institutional arrangements in Yemen
aimed at governance and anticorruption reforms.

Bargaining among Water Stakeholders

B1. Water Allocation Conflict Management: Case Study Rachid Abdellaoui
of Bitit, Morocco

B2. How Did a Small, Poor, and Remote Rural Village in Sarah Houssein, with Julia Bucknall and
Djibouti Recently Become a Government Priority to Receive Nathalie Abu-Ata
Water Supply and Sanitation?

B3. Water Conflict in Yemen: The Case for Strengthening Christopher Ward
Local Resolution Mechanisms

B4. Water Diplomacy in the 21st Century N. Vijay Jagannathan
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The second group of chapters is devoted to bargaining, by which
affected stakeholders are able to exercise voice and choice in decisions
that relate to their water resources and water services.

m  Thefirst chapter discusses how bargaining and consequent trading
of informal water rights have taken place in a Moroccan village.

m  The second chapter describes how a poor community in Djibouti
was able to exercise its voice with the government.

m  The third chapter describes the role of tribal and local traditions
in resolving conflicts over water in Yemen.

m  Thelast chapter describes the emerging lessons for water diplomacy
or bargaining among countries sharing watercourses.

Codification Experiences in MNA

(1. Comparative Analysis of Water Laws in MNA Countries Jackson Morill and Jose Simas

(2. Subsidies for the Poor: An Innovative Output-Based Aid Approach ~ Xavier Chauvot de Beauchéne and Pier
Providing Basic Services to Poor Periurban Neighborhoods in Morocco  Mantovani

(3. Use of Output-Based Aid to Jumpstart a Rural Water Supply Xavier Chauvot de Beauchéne and Pier
Service Market in Morocco Mantovani
(4. New Approaches to Private Sector Participation in Irrigation: Aldo Baietti and Safwat Abdel-Dayem

Lessons from Egypt’s West Delta Project

The third group of chapters is elucidates codification in the water
sector.

m The first chapter describes the region’s experience with formal
codification through water laws and regulations.

m  The next two chapters summarize an experience of targeting
subsidies to poor households so that they are able to access safe
drinking water with house connections in urban and rural areas
in Morocco.

m  Theforth chapter describes a new set of project rules aimed at gen-
erating public-private partnerships in Egypt’s irrigation sector.

Delegation to the Lowest Appropriate Level

D1. Participatory Irrigation Management and Cost-Sharing in Naji Abu Hatim and Ahmed Shawky
Yemen Mohamed

D 2. Community Management of Rural Water Supply: Evaluation of  Susmita Dasqupta, Craig Meisner, Andrew
User Satisfaction in Yemen Makokha, and Richard Pollard



D3. Rural Sanitation within an IWRM Framework: Case Study of
Application in the Delta Region, Egypt

D4. Water Management in Spain: Highlights Relevant
for MNA Countries

Introduction

Ayat Soliman, Ahmed Shawky Mohamed,
Maged Hamed, Wendy Wakeman, and
Mohammed Mehany

Ahmed Shawky Mohamed, Abdulhamid
Azad, and Alexander Bakalian

The fourth group of chapters describes MNA staff experiences

with delegation of services to the lowest appropriate level.

The first chapter analyzes an interesting experience in participatory
irrigation management and cost-sharing in Yemen.

The second chapter evaluates user satisfaction with community-
managed RWSS services in Yemeni villages.

The third chapter discusses new planning approaches to rural sani-
tation in Egypt, incorporating both extending sanitation services
and improving water quality in receiving bodies.

The last chapter is a report based on a joint study tour to Spain by
MNA water staff and counterparts. During this trip, they learned
how that country implemented delegation to the lowest appropri-
ate level in both aspects of water management: the resource itself’

and water supply, sanitation and irrigation services.

Engineering New Approaches

E1. Egypt: Irigation Innovations in the Nile Delta

E2. Water Reuse in the MNA Region: Constraints, Experiences, and
Policy Recommendations

E3. Desalination Opportunities and Challenges in the Middle East
and North Africa Region

E4. Enhancing the Socioeconomic Viability of Spate Irrigation
through Conjunctive Use in Coastal Areas in Yemen: Case Study of
Wadi Ahwar

Jose Simas, Juan Morelli, and
Hani El Sadani

(laire Kfouri, Pier Mantovani, and Marc
Jeuland

Khairy Al-Jamal and Manuel Schiffler

Arjen de Vries and Tarun Ghawana.
Supervised by Ahmed Shawky Mohamed

The fifth group discusses engineering aspects and comprises

forward-looking studies of new water investment approaches.

m  The first chapter presents a very interesting experience in Egypt,

whereby engineers “right-sized” design standards with community

participation.

15



16 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

m  Thenext two chapters summarize the findings of World Bank MNA
staff studies that evaluate the potentials of wastewater reuse and de-
salination, which, given climate change, are two important areas.

m  The last chapter looks at the findings of a study on conjunc-
tive use of spate irrigation and groundwater in the coastal areas
of Yemen.
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Bridging the Practice Gap
in Water Management:
Lessons from the “MNA

Development Report on Water”
N. Vijay Jagannathan

n March 2007, the Middle East and North Africa Region (MNA)

of the World Bank launched the “MNA Development Report on

Water.”! It was the culmination of two years of consultations, stud-
ies, and analyses of water issues in the region.?

The report had three main conclusions:

1. Water is scarce and has competing uses. Thus, it needs a manage-
ment strategy that goes beyond merely finding engineering solutions
to include revisiting the rights regime, regulatory framework, and
public-private partnerships.

2. Toimprove water management, accountability—whether external to
users of water, or internal to sector financiers and policymakers—needs
to be deliberately promoted. To this end, information about water—on
both public expenditures and environmental impacts of existing pat-
terns of use—should be fully shared among all stakeholders.

3. Toimprove water management, policies outside the water sector often are
as important as those within the sector. This conclusion applies to mac-
roeconomic, trade liberalization, agricultural, and urban policies.

The overall point of the report is that although the principles of
water policies are quite well understood, public policy choices get circum-
scribed by political, legal, or social considerations. For example, reforms
introducing sensible pricing and tradable water rights are constrained by
political and social resistance. Fiscal prudence is inhibited by inadequate

"World Bank 2007.
2 This chapter is a modified version of an essay in honor of Dr. V.S Vyas (IDS 2009).
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monitoring of wasteful public expenditures in hydraulic infrastructure.
Irrigation subsidies encourage crops that yield low “crop per drop.”

The Challenge

The challenge confronting water policy lies in bridging the “practice”
gap between choices that would lead to sustainable outcomes and
the perceived feasible set. This practice gap could be construed as the
chasm between the universally recognized principles (as confirmed in
major sectoral events such as Dublin, Rio, Kyoto, and Mexico City) and
observed expediency in decisionmaking. For example, the importance
of sound water management for sustainable economic development,
universal public reverence for clean water, and the potential of lever-
aging expanding knowledge of the surface and subsurface water cycle
all are accepted by stakeholders. However, in the “pragmatic” dimen-
sion, decisionmaking is severely constrained by political considerations.
Water governance is the business of all levels of the government and
is very sensitive to prevailing norms and conventions. In countries of
the Middle East, for example, many leaders are reluctant to charge
for water services because they fear creating political opposition that
could exploit a widely held belief that Islamic traditions require water
to be a free commodity.

Box 2.1 Water Is Everybody’s Business: Morocco

This photograph of a river basin in Morocco illustrates the reason that stakeholders outside

the sector are so important for water reforms. The winding river services the farms and

a growing urban and regional economy.

Improved agricultural practices have
been fuelled by excellent road connec-
tions to the export market for fruits and
vegetables. Large urban centers have
become magnets for migrants from rural
areas, attracted by off-farm jobs. How-
ever, these centers’ untreated wastes
pollute the river downstream. Water is
everybody’s business, and its manage-
ment is influenced by policy within and
outside the water subsectors.
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If pragmatism requires focusing on the feasible set of policies, the
basic question is: Where does this leave policymakers in an environment
in which politics triumphs over principles but in which every succeeding
generation faces the cascading of the harmful consequences of past
water policy missteps? T he thesis of this chapter is that outside drivers
often are critical factors in bringing about principled pragmatism.

“Outside” Drivers That Bridge the Practice Gap in MNA Countries

The most important driver from “outside” the water sector in MNA
countries is the increasing political recognition of the irreversible adverse
consequences of global warming.

“Outside Driver” 1: Climate Change

The recent International Panel on Climate Change (IPCC) findings
confirm trends observed over past decades in Algeria, Morocco and
Tunisia: that historic data on rainfall patterns no longer provide accu-
rate projections for future precipitation.® For example, over the last
three decades, dams constructed in Algeria and Morocco have been
able to store, on average, only approximately half their design capacity
because of inadequate annual precipitation. As a consequence, farmers
have become acutely aware of the uncertainty of their water rights,
and irrigation agencies in the command areas struggle with rationing
uncertain water supply to the

politically important farmer  Figure2.1 Projected Decreases in Rainfall, 200070
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constituency. The [PCC report
confirms these trends, and what
earlier was seen as a prolonged
drought is now being interpreted
as a secular decline in precipita-
tion caused by global climate
change (figures 2.1 and 2.2).
The problems of global

warming will affect other re- ~ T T e

Erail 10 Y 5 1 m

gions as well. For example, water
resources in Bang]adesh’ Bhu- Source: Background paper, Stern Report.

3 Bates and others 2008.




22 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

Figure 2.2 North Africa Estimates of Change in Runoffs tan, China, India, Nepal, and

Temperature increase (degree Celsius) Pakistan are llkely to face rapld

shrinking because of reductions
~104

. in water stored in the Himalayan

glaciers as a result of changes

30

404 \ in the duration and intensity

50 \\\_ %”j‘ of rainfall. The effects in the

60+ | Western Himalayas are likely to

:ZZ' | | | \N. be particularly dramatic—with
0-1 1-2 23 3-4 45 increased flows over the next 4 or

North Africa (range of % change in runoff) 5 decades FO“OWQCI by dramatic
)

reductions—of 40 percent—60
percent of flow—over the subsequent century. Since the rivers flowing
from this massif support the “breadbaskets” of South Asian countries,
the impacts will affect agriculture and urban water use (figure 2.3 shows
predicted declines in Indus River flows in Pakistan).

The secular decline and increased variability in rainfall will radically
affect the flows and seasonality of major rivers in the subcontinent,
and seriously put in doubt past assumptions on how to design hydraulic
infrastructure.

The solution is to develop a package of reforms that tackle both the
demand (incentives to shift to crops with high water productivity) and
supply (water conservation through modernized irrigation and better
tracking of the water/evapotranspiration cycle) sides.

“Outside Driver 2”: High-Value

Figure 2.3 Projected Changes in Flow of the River Indus, Farming Changes the Politics

2005-15 (%) of Irrigation
Indus at Bisham Cila

123: A second set of factors outside

60 the water sector that is helping

s ‘2‘8: to narrow the practice gap is the

£ pressure from farmers benefiting

g o = _ from the recent growth of high-
::g: \-\. value agriculture. These farmers

=84 have secured significant gains in

o 0 2 4 6 B 10 income by adopting agricultural

Decade in the future
+0.03 degC/yr —— +0.05 degC/yr

+0.10 degC/yr —— +0.15 degC/yr enabled them to JOln the supply

Source: Rees 2005, chain to get high-value consumer

and irrigation practices that have
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markets in Europe and North America. Their prosperity is reflected in

a change in water consumption usage. They earn significantly higher

incomes per drop of water than conventional irrigators are able to

earn. The hope is that such leading-edge farmers will support demand-

management measures.

The key policy question here is how to allocate water efficiently

between its two different forms, namely, high-security water, which

is needed by those making major investments in annual crops and in

industry; and low security water, which farmers use for annual crops

when it is available. Managing water as different products is performed

well by water markets in Australia, Chile, Mexico, and the western US.

In these countries, users of low-security water sell their water to users

of high-security water in times of scarcity, making both parties—by

definition, since the transfer is voluntary—better off.

Figure 2.4 illustrates the trends of water use in MNA countries.

Green represents renewable sources (from both surface and ground-

water), and includes desalinated water, an important source of re-

newable water in the Arabian
Peninsula and North Africa. The
pink shaded area represents the
proportion of water extracted
from nonrenewable sources,
and the brown represents the
water “virtually” available as the
water used to grow agricultural
commodities that are imported
through trade. For example,
increased rice, wheat, dairy, and
beefimports result in much more
virtual water being available
to local consumers, whereas

Figure 2.4 Role of Renewable, Nonrenewable, andVirtual
Water in MNA Countries, 2005 (%)
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Source: World Bank 2007.

exports of citrus, olives, and vegetables generate equivalent or higher

value exports with relatively low water use.

The preconditions for high-value farm exports were the physical

access and information access necessary for supply chain management,

that is, roads, high-speed internet, and container terminals. Each of

these facilitated the growth of two-way trade, principally with Algeria,

Egypt, Israel, Jordan, Morocco, and Tunisia. A similar pattern has oc-

curred in all of these growth centers:
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I. Investors and farmers were able to respond to the growing demand
for high-value farm products.

2. Farm products in which the Region has comparative advantage—
olives, citrus, herbs, and other fruits and vegetables—constituted
the bulk of exports.

3. These products generated more value per drop.*

State-of-the-art technology is used to sort, pack, and store; and
to enable conveyance technologies to bring fresh farm products to the
supermarkets within the contracted period (a few hours to Europe and
a week to Canada and the US).

Agricultural practices have begun approximating the norms of'
efficient business enterprises. However, regarding labor productivity,
more jobs are generated in the logistics and supply chain aspects than
in conventional employment of farm labor. The new paradigm suits
the expectations of a changing labor force; rural youth desire a higher
quality of life than the drudgery of traditional farming can provide.

Two key actions outside the water sector unleashed the potential
of high-value agriculture:

4. Onthe demand side, changing demand patterns in the EU encour-
aged large supermarket chains to search for reliable suppliers of’
cheaper, high-quality fruits and vegetables.

5. On the supply side, the farmer’s ability to manage supply chain
risks hinged on reliable, good quality, irrigable water.

Typically, a farm entrepreneur begins—with no support from the
surface irrigation bureaucracy—by investing his or her private funds
in water-conserving irrigation infrastructure (usually drip or sprinkler),
and by carefully monitoring his water quality. S/he then invites the
supermarket chain to inspect the facilities to ensure that the fruits and
vegetables are produced using acceptable technologies. These include
being irrigated by water that is free of contaminants, both chemical and
biological. Thereafter, the farm secures a Good Agricultural Practices
(GAP) certificate from an independent European certification agency.
This seal of good housekeeping facilitates contracting with the very
quality-conscious European supermarkets. Passing the GAP criteria,

4 These crops generate more value per unit of evapotranspiration (ET) (see chapter
by Perry and Bucknall for a discussion on the significance of ET).
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rather than the much laxer national regulatory laws, ensures respect
for international water quality standards.

The key point is that these entrepreneurial farms have invested
in groundwater-based irrigation to informally create water rights for
themselves. Furthermore, these farmers expect little, if any, support
from the substantial surface water irrigation infrastructure. They are
aware that these public sector organizations have neither the institu-
tional capability nor accountability mechanisms to serve the specific
quality and timing requirements of the export-oriented farms. In the
few cases in which these farmers use surface irrigation, they privately
finance investments to mitigate water supply risks by (a) excavating a
part of the farmland as a storage reservoir, then (b) developing a pres-
surized, piped drip, sprinkler, or pivot irrigation distribution system.
However, these individual, private solutions are socially costly because
productive farmlands are being lost to water storage. They also are
inequitable because small farmers who lack financial resources and
knowledge of supply chain management are de facto excluded.

Even when a farmer has been able to mitigate supply risks from
surface water irrigation, a major remaining risk is the farm’s ability to
maintain water quality norms required by the importing country’s en-
vironmental regulations. Nowhere is this challenge more visible than in
Egypt. Farms on the desert and scrubland in the periphery of the Nile
delta have been able to participate in the export market though ground-
water-based irrigation systems. However, hundreds of thousands of
farmers in the delta a few miles east and north are unable to do so. The
surface water that they receive through Nile surface irrigation system
is highly polluted, and therefore not capable of meeting the demanding
EU water quality standards for all edible export crops.

Pressure from the high-value farm lobby is helping to narrow the
practice gap in water management. For example, in the West Delta
area of Egypt and in Guerdaine, Morocco, investors financed high-
value agriculture in desert lands that have access to groundwater.
Utilizing their knowledge and connections to obtain credit, technical
knowhow, and access to European markets, these groups have created
large export-oriented markets for grapes, citrus, and other fruits and
vegetables. While their entrepreneurship is laudable, the income and
employment generated in the regional economies also enabled them to
successfully lobby governments for supplemental surface water irriga-
tion once groundwater started getting depleted. On the positive side,
one could argue that these groups have influenced political leaders and

25
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water policymakers to appreciate the benefits of transferable water
rights, irrigation modernization, and water conservation.’

Moreover, high-value farm exports generate better jobs with bet-
ter pay in the services sector. Thus, they help reduce the exodus of
the rural population to urban centers and Europe in search of better
livelihoods.

With a large and increasingly affluent urban middle class in MNA,
the demand for high-value crops is growing. To meet this demand,
countries have begun investing in large-scale investments in irrigation
modernization. The preconditions for such investments are an adequate
road infrastructure to ship the produce in a timely manner to markets
and ports, stabilizing rural electricity services, and speeding up border
procedures. These broad and deep changes must be made for demand
for water-conserving irrigation technologies to become strong enough
to increase pressure on policymakers for reform.

“Outside Driver 3”: The Call for Clean Water

A third set of factors outside the sector that is narrowing the practice
gap has been political pressure on decisionmakers to focus more on
water quality. Obviously, the exporters of high-value farm products
have been one of the influential lobby groups creating this pressure.
However, there have been other contributors. Many countries are
benefiting from a tourism boom, as “package tours” from Europe and
the Gulf countries to the historic and seaside resorts of several MNA
countries have grown enormously. Along the Mediterranean and Red
Sea coasts alone, many resorts have been developed in the past two
decades to take advantage of this boom. By contrast, some other high
potential areas, such as the coastline of the Nile delta, have not been
able to take advantage of these opportunities because of beach contami-
nation by polluted Nile waters. Tour operators and resort owners are

5 For example, in both Guerdaine and West Delta, financing has been obtained
from the World Bank Group for surface irrigation infrastructure via public-private
partnerships (PPPs). For the former, half of the investment costs was financed by
a capital subsidy from the government. For the latter, the investment costs were
financed by an IBRD loan but were recovered from the water users. Both projects
have enabled the governments to test new models of service provisioning (see Baietti
chapter). For the West Delta project, most of the transferred water will originate
upstream of the delta barrages, that is, before it gets polluted by the agricultural or
sewage return waters. The concentration of the water pollutants in the Rosetta
branch culminates only in the downstream.
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powerful interest groups who  Figure2.5 Estimates of Environmental Degradation Costs,

have joined environmentalists 2005 (%)

and farm exporters to lobby for Cost of Environmental Degradation of Water
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better water quality manage- ’s

ment (WQM).

Analytical work also has
helped build the case for this
coalition of interests to demand
better WQM. For example, the Agera  Egypt  Iran  Jordan Lebanon Morocco
World Bank initiated a series of
studies estimating the oppor-
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tunity costs of environmental degradation in major MNA countries,
including both water pollution and groundwater degradation (figure
2.5). These estimates, shown as a percentage of forgone GDP, were
disseminated to a wide range of stakeholders through workshops, media
events, and publications. The study findings coincided, particularly in
Egypt, with growing public dissatisfaction with water quality in irrigation
canals, so were picked up by the media. The studies’ conclusion that
poor water management harmed the economy by slicing off'percentage
points of GDP resonated with decisionmakers in economic ministries
and pushed governments to pledge significant increases in public fund-
ing for remedial actions.® Figure 2.6 estimates the opportunity costs
to GDP due to savings losses.

Emerging Lessons from MNA for Bridging the Practice Gap

The analysis suggests that countries in the region have taken steps
to narrow the "practice” gap
in response to powerful po-

Syria  Tunisia

Figure 2.6 Cost of Over-extraction of Aquifers, 2006 (%)
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this, policymakers need to regularly evaluate and feed back the lessons
to the sectoral decisionmaking process.

Based on past assessments, the “MNA Development Report”
suggests three insights in this regard:

. Reforms are inherently a political process and one in which the
technical and political dynamics are difficult to separate. Politically,
an initial driver of change (such as farmers’ demand for better water
quality) could be leveraged if there were a preexisting broader coali-
tion of stakeholders willing to support more broad-based reforms
than the farming lobby wants to promote.

2. Non-water policies are critically central to water policy reforms
because the coalition becomes energized when colleagues outside
the water sector (agriculture, energy, environment, trade, transport,
and banking, to name a few) already are engaging, or are willing
to engage, in complementary actions.

3. Improved accountability of government organizations to users of
water services is a third essential leg for reducing the gap. Mecha-
nisms for public accountability form the bridge between users of
water and their governments by channeling relevant information and
voice and ensuring fairness in resolving conflicts that may arise.

How to Bridge the Practice Gap in Developing Countries

Coordination and Strategic Monitoring of Water Policy Actions

The problem of coordination is accentuated by divided responsibilities
for water management among various levels of governance, typically,
the center, governorates, and citizens. This institutional confusion is
compounded by a tendency of rules and norms that focus more on the
planning and resource allocation phase than on the actual implementa-
tion phase and on thoroughly evaluating outcomes.

For example, in large river basins such as the Nile Delta, pollution
from human settlements affects water quality downstream, which in
turn reduces the crop choices of farmers. For example, a farmer in
the Nile Delta cannot think of growing high-value, export-oriented
crops because the water quality does not meet the minimum EU
Good Agricultural Practices (GAP) irrigated water standards. The
Ministries of Water Resources and Irrigation, Housing, Agriculture,
Local Government, Health, and Environment must devise coordinated
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responses to this challenge. Within the Water Resources and Irrigation
Ministry itself, multiple sectors (mechanical and electrical engineering,
drainage, irrigation improvement, and planning) need to work together
seamlessly to make the irrigation service meet the farmers’ needs for
high-value agriculture.

On the sanitation side, the practice gap does not get bridged
because tackling pollution requires staff from various agencies to
work outside their silos, think laterally, and, most importantly, engage
stakeholders who are outside their internal organizational structures.
Common observations on factors that contributed to this practice
gap are:

m  Key stakeholder groups were disinterested. Pollution abatement had
downstream benefits, so was not politically attractive to political
leaders and even the local public.

m  Operations and maintenance (O&M) burdens were heavy. Moreover,
in a context in which tariffs are substantially below operating costs
and environmental regulations rarely enforced, sewage treatment
plants get shut off. The untreated effluents are bypassed to down-
stream water bodies.

B Raw sewage can be used for free for high-value fruits and vegetables
by surrounding farmers because environmental regulations are
neither enforced nor internalized by communities.

The practice gap can be bridged by coordination and strategic
management with stakeholders who have an interest in achieving
planned outcomes. Active engagement and dialogue are required
among sewerage engineers with urban planners, agriculture and en-
vironment ministry staff, and program beneficiaries in both planning
and implementation.

Establish Water Executive Management Programs

The solution is to radically redefine the learning and capacity build-
ing program for water management. Water executive education
programs need to be developed to inspire and train water man-
agers to see beyond their narrow specializations. The inspiration
comes from successes in the field of business management through
executive management programs that promoted “lateral” thinking
by visionaries such as Alfred Sloan and Peter Drucker.” Through
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these programs, business management became a more systematic
process of directing and motivating people and entities to accomplish
an enterprise’s goals.

Water management is as multidisciplinary as running a modern
business enterprise. The former requires the integration of the dif-
ferent ways of thinking of a diverse range of stakeholders from farm-
ers, slum dwellers, other civil society, media, and political leaders to
civil servants, planners, economists, and engineers. Key stakeholders
need to debate and discuss the practice gap, and reach a common
appreciation of what is required for long-term sustainability in water
outcomes. This consensus requires appreciating the human, finan-
cial, environmental, and technological aspects of water management
through the systematic engagement of stakeholders in learning about
water management.

The MNA countries have recognized this challenge. Through the
leadership of the Arab Water Council (AWC), they have established
an Arab Water Academy so that such learning events are organized
and a new genre of “water managers” and water stewards are created
from different disciplines and represent all sections of society.

Inclusion of Stakeholders in Water Dialogues

Water is both a finite resource and subject to intense competing de-
mands. Political realities in all developing countries hinder, or prevent,
water policymakers from using normal economic policy instruments,
such as water pricing and transferable water rights, as mechanisms for
resource allocation. In their absence, informal arrangements dominate
the institutional environment (Shah 2007). The most noticeable evi-
dence of these are the explosive growth of tubewells, fuelled in most
countries by subsidized energy; inadequate water resource regulations;
and self-provisioning by urban households (HH) for water supply and
sanitation facilities.

Over time, the adverse environmental consequences have become
unavoidable, notably in the form of continuous groundwater draw-downs.
These sources provide the mainstay for farm production in several regions
of the world, despite the knowledge that the long-term consequences
will be disastrous to these very same farming communities. Equally

" McDonald and others 2003; Business Week 2005.
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visible is the unequal access to this water by the poor in both rural and
urban areas.

Several MNA countries are facing the devastating consequences
of similar trends because their groundwater resources, having a
very low renewal rate, are already running out. In some of the
most affected countries, such as Yemen, entire farm communities
have had to leave their villages because the groundwater extraction
rates greatly exceeded the replenishment rate, fuelled in particular
by cheap subsidized electricity. MNA has other variants of this
type of “tragedy of the commons,” especially those resulting from
unchecked pollution of water bodies from urban, industrial, and
agricultural runoffs.

The way out is to communicate with and engage the affected
stakeholders in finding solutions. No amount of executive training and
management will work unless there is an educated and informed group of
water users who are aware of the consequences of today’s actions on
tomorrow. In other words, water management requires all individuals
to understand that that they are a part of the problem as well as the
possible solution.

Managing the Equity Dimension of Water

An equally important policy instrument is the use of redesigned subsidies
to put in place incentives for public finance to target the poor and the
environment. Some MNA countries now recognize using output-based
subsidies as an effective tool.2 These subsidies work in:

m  Urban areas—by targeting low-income households with free piped
water supply connections (thereafter, these households must pay
tariffs for operating costs)

m Rural areas—rewarding water conservation in surface irrigation
areas by subsidizing part of investment costs of low-income farmers
who switch from open channels to drip, sprinkler, or other more
modern irrigation technologies

m  River basins and sub-basins—by reimbursing utilities/operators for
every unit of treated effluent that meets national standards.

8 See chapters 17 and 18 by Xavier Chauvot de Beauchéne and Pier Mantovani.
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Focus on External and Internal Accountability

The practice gap can be narrowed by developing a culture of lateral
thinking in water management similar to modern business management
practices. Participation of all stakeholders and use of targeted subsidies
are suggested as the first and second legs of this model. The third leg
is putting in place mechanisms to enhance accountability. Account-
ability has two dimensions: (1) an “internal” aspect in which water
organizations are accountable to their financiers and management
structures, and (2) an “external” aspect in which they should respond
to water user preferences and willingness to pay. The practice gap has
arisen because, for both aspects, MNA countries have experienced
institutional design failures.

The internal failure is accentuated by government pledges of
general subsidies for the water sector, with no follow-up to track
outcomes of programs (as illustrated by GAP 1). In the urban areas,
cross-subsidies for urban water supply reduce the incentives of utilities
to manage services based on commercial principles, while the benefits
end up being appropriated by the middle class urban consumers. Fur-
thermore, while this group benefits from the higher tariffs charged to
industrial and service water users, the poor pay more while buying
poor-quality water from vendors. In the irrigation sector, farmers do
not have clear, predictable water rights on the basis of which they
can plan their planting decisions. Instead, officials of the various state
irrigation bureaucracies have the discretion to assign irrigation turns
to the water user associations (WUAs) and farmers. This power gets
often misused through graft and corruption (Wade 1985; Jagannathan
1987). In both situations, water service organizations have been unable
to set in place governance mechanisms that ensure internal account-
ability of staff to the organizational goals and external accountability
to the water users.’

Figure 2.7 illustrates how accountability gets diluted by three levels
of scarcity observable in the region (World Bank 2007):

. Scarcity of the water resource. In conditions of water scarcity the
response has been to build “solutions” through dams, canals, and
distribution systems. These solutions required large outlays of

? For discussion on MNA initiatives to improve accountability, see chapter 11 by M.
Abu-Taleb and R. Calkins, and chapter 24 by J. Simas, J. Morelli, and H. El Sadani.
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ous water users, and meet the growing needs of the economy.
3. Scarcity of accountability to achieve sustainable outcomes In the
past decade, with climate change concerns raising serious concerns
about sharply declining water availability in the MNA region, this

third level has assumed prominence."

The thesis of the “MNA Development Report” is that, with
the growing scarcity of water, policy focus needs to shift to allocative
efficiency among competing water uses. For irrigation, which uses 80
percent—90 percent of all water, redesigning incentives that direct
farmers toward maximizing income per drop is one obvious focus.
On the urban side, the focus needs to be on rationalizing water and
sanitation subsidies. As mentioned earlier, general subsidies in MNA
have tended to benefit the well-to-do (water), or no one (sewerage
investments). Establishing clear rules for subsidies that are based on
measurable outcomes is one obvious solution. Tracking the effective-
ness of public expenditures through regular public expenditure reviews
is another obviously useful instrument.

External accountability is generated when lobby groups outside
the water sector (NGOs, high-value farmers, tour operators, resort
owners, media) pressure political leaders for efficient and high quality
water services. As the MNA illustrations indicated, these fairly narrow
drivers could be leveraged for broad-based reforms when the debate is
opened up to the other suggestions in this chapter (targeted subsidies,
user participation, and effective use of public funds that foster internal
and external accountability.

10 See chapter 4 by Shawky Mohamed and others in this volume.
' See chapter I, figure 1.1, and subsequent discussion on this topic.
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However, there is a need to set up appropriate organizational
structures to govern water management. T he experience of the MNA
Region suggests that empowering river basin organizations, branch
canal users, or aquifer-based user associations is necessary to create
awareness of water management issues. T hese are relatively new or-
ganizations and have difficulty in acquiring legitimacy when faced with
conflicts with established national or local political or administrative
groupings, such as governorates, provinces, and districts. Obviously,
there are no general solutions. Each country must work out solutions
that fit its own context.

Concluding Remarks

Bridging the practice gap requires a fundamental rethinking of the way
that water is managed and that stakeholders learn about sustainable
management of water resources and water services.

Over the last three decades, the dramatic shift from surface to
groundwater in many parts of the world—by agriculture, municipal
users, and industry—has been essentially a water privatization process,
with no rules of the game. What is needed now are to (1) acknowledge
de facto rights and (2) make a major effort to educate and inform on
the need for “rights, but with rules.”

The experience suggests that water managers must recognize and
manage the several external drivers of water use. Policies outside the
water sector often cause unintentional harm to it. Water manage-
ment, therefore, requires active engagement, discussion, and debate
among all parts of society before the practice gap between principles
and pragmatic solutions can be bridged.
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Egypt: Water Sector Public

Expenditure Review
Ahmed Shawky Mohamed and
N. Vijay Jagannathan

Key Findings

In 2003-04, the Government of Egypt (GOE) budget spent 4.087 billion
LE on water infrastructure in the irrigation and agriculture subsectors,
and 6.697 billion LE in the WSS subsector.” Of this, approximately 79
percent and 6] percent, respectively, were allocated for new investments;
the balance was allocated for recurrent costs. The outcomes of such
significant public outlays have been mixed. On the positive side, there
have been impressive gains in agricultural productivity due to water invest-
ment and in water supply and sanitation coverage. On the negative side,
fiscal dependence on the government remains, and a new concern that
requires significant public finance needs immediate policy attention. The
latter has arisen because of pollution externalities in the lower Nile Delta,
which are exacting a heavy toll on public health and the environment.
A 2002 World Bank study on the costs of environmental degradation
estimates the damage costs at 1.6 percent—3.2 percent of GDP.

This chapter assesses the recent trends of public expenditures of
the water sector. It focuses particularly on the irrigation and water
supply and sanitation (WSS) subsectors, the two major recipients of
public financing in the water sector. It also investigates different sources
of fiscal stress and sources of finance, and explores the efficiency and
equity implications of the current arrangements.!

T This chapter updates World Bank Water Policy Note 2 (2005), written as part of
the analytical work supporting the 2005 Public Expenditure Review (PER) in Egypt,
a Government of Egypt-World Bank collaboration.

! See chapter 4, “Assessing the Efficiency and Equity of Water Subsidies: Spending
Less for Better Services” by Shawky Mohamed and others in this volume.
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The following is a summary of the key findings:

Finding I: Most investment as well as operation and maintenance
(O&M) costs of water services in Egypt are funded from the national
budget.? Cost-recovery levels still are below international comparators.
As a consequence, the sector is heavily indebted.

Finding 2: Over the last two decades, the composition of water-related
public expenditures has changed. A higher proportion is being allocated
to new investments—at the expense of recurrent expenditures and
debt repayments, thereby increasing the sector’s long-term liabilities.

Finding 3: Water service coverage (in relation to both drinking water
and irrigation) is adequate in the Nile Delta area. However, it is gen-
erally lacking in the rural/southern areas, in which water services are
particularly inequitable for low-income communities.

Finding 4: Reallocating budget appropriations among different budget
chapters of water agencies, among departments within agencies, and
among water user groups (WUGs) requires a fundamental rearrange-
ment of current budget planning and management.

Finding 5: The irrigation and water supply and sanitation (WSS)
subsectors have three options available to finance future O&M and
investment costs. These are identified in the Integrated Water Resource
Management (IWRM) Action Plan:

a. Increase contributions from users, requiring changes in legislation.

b. Decrease transaction costs and overhead expenditures through
decentralization and improved efficiency in service delivery. The
main sources of “avoidable” transaction costs are overstaffing,
duplication of responsibilities, oversized designs, suboptimal tech-
nology, and procurement inefficiency.

2 O&M costs pertain to the following items in the budget chapters of the water-
related ministries:
a. Partly chapter 1: Wages that relate to O &M, as opposed to planning and other
central administrative functions.
b. Chapter 2: Goods and services for O&M.
c. Partly chapter 3: Only regular/preventive rehabilitation (as opposed to occa-
sional/major rehabilitation).
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c. Facilitate private sector participation in financing, developing, and
operating the irrigation systems in line with user preferences and
willingness to pay.

Finding 6: The WSS subsector is moving toward corporatization.
It urgently needs to address the debt overhang caused by the past
policy of service expansion without cost recovery. Under the present
circumstances:

a. For the holding company to fulfill its mandate of reforming the sec-
tor, restructuring and/or writing off existing debt is inevitable.

b. Any debt write-off needs to be contingent on achieving monitor-
able financial and operational performance outcomes.

c. Future donor financing could be structured around assisting the hold-
ing company to achieve the above outcomes in the medium term,
perhaps through a sector-wide approach (SWAp) operation.

Sector Background

Egypt is an arid country with very limited rainfall. The Nile-Lake-
Nasser system is one of the largest hydraulic infrastructure complexes
in the world. It consists of a series of large barrages, canals, pumping
stations, water and sewage treatment plants, and water supply and
sewerage networks.

Importance of Water Resource Management
for the Egyptian Economy

The Nile-Lake-Nasser system is Egypt’s only renewable supply source
for surface water, and constitutes 95 percent of the country’s total
water resources. T he rest of Egypt’s water resources is mainly fossil
(nonrenewable) groundwater found in the coastal zones, deserts, and
Sinai; and estimated at 3—4 BCM/yr.

Egypt’s water requirements are increasing as a result of growing
population, rising living standards, and the needs of industries and ag-
riculture (particularly in the reclaimed new lands). Of the subsectoral
shares, agriculture (including fisheries) is the major user; it consumes
approximately 70 percent of water. Municipal/potable and industrial
subsectors consume only 3.5 percent and 1.5 percent, respectively.
The balance, estimated at roughly one-quarter of the overall water
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stock, is lost through evaporation (5 percent), and, more significantly,
as drainage water (20 percent) discharged into the Mediterranean Sea
and the desert fringes of the Nile system.

Sectoral Challenges

A major challenge facing Egypt is to close the gap between the limited
water resources available and the escalating demand for water from
competing users. Available water per capita per annum amounts to
some 900m?3, which is already below the “water poverty” index of
1000 m3/capita/annum. This figure is expected to fall to 670m?* by
2017, unless policies are implemented to sustainably manage growing
demand. Managing sustainably requires developing appropriate pricing
and financing rules along with an institutional framework that encour-
ages sustainable use.

Until the early 1990s, GOE’s attention was focused on “balancing”
water supply and demand through supply augmentation. The result
was significant investments in water supply, drainage, and rehabilitation
of'irrigation infrastructure, from both the national budget and donors.
Nonetheless, by the mid-/late 1990s, the need for a more integrated
approach became apparent due to:

Continued deterioration of water quality
Growing demand-supply gap
Intensification of inter-sectoral and inter-regional water allocation
problems

m Inadequacy of government funds to sustain new investments and
O&M at current levels

m  Poor operational performance of water agencies.

Since then, the government policy has shifted to integrated water
quality and quantity management. The integrated water resources
management (IWRM) approach seeks to address sectoral concerns
through a mix of institutional reforms, changes in incentive structures,
and technical innovations.

“Public-Good” Perspective to Water Services

Water resource management (WRM) is seen as a cornerstone of
national security. Consequently, a significant part of the hydraulic
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infrastructure is regarded as a public good and receives financing from
the national budget. This infrastructure includes not only the “trunk”
system, comprising the production, treatment, and distribution of
water to various users/subsectors from a system of dams, barrages,
and main canals; but also the recipient or “feeder” subsectors, which
include irrigation, municipal, industrial, navigation, and hydropower
users. For the latter system, there is both a public and a private good
dimension because these users obtain privately appropriable benefits
either by consumption or by using water as an input in production.

Past policies have not rigorously distinguished these two aspects.
For example:

m  An Egyptian farmer in the Nile Delta pays the incremental cost
of water delivery at the farm level but not the conveyance (and
lifting costs) from the river system.

m A water supply consumer pays a tariff of approximately only 20
percent of the treatment and delivery costs.

The rest of the “feeder” costs gets picked up in the public goods
account. One could argue that apportioning the public and private costs
in this very large, integrated hydraulic system is complex. Nevertheless,
there clearly is significant potential to increase user contributions for
water usage that yields private benefits.

However, greater user financing of water services requires a fundamen-
tal reorganization of Egyptian water delivery systems—from sectors and
departments that rely on budgetary subventions to service-oriented
utilities that respond to user preferences and willingness to pay. For
example, in Egypt’s WSS subsector, users receive subsidized but poor
quality services from utilities. These consumers are unwilling to pay
higher tariffs because their expectations of service improvements
from these providers are low. However, unless higher tariffs are paid,
the utility will never be in a position to reduce its dependence on the
national budget.

While public money is financing private services, a genuine public
service is in desperate need of public funding: infrastructure to improve
water quality. Concerns with water quality distress urban and rural
users of water in the Nile Delta area. The areas of concern require
actions on several fronts: from technological innovations with greater
user feedback and participation to improved coordination among water
agencies.
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Figure 3.1 Irrigation and WSS Expenditures
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This vicious cycle of poor performance, debt overhang, and private
sector lack of interest must be broken. The current attention on public
expenditures provides one such opportunity.

Consequent Institutional Challenges

Centralized but fragmented management and inadequate mechanisms
for ensuring accountability to service users affect sectoral financial and
operational performance. For example, responsibilities—planning, de-
sign, construction, operation, research, monitoring, and regulation—are
carried out through multiple agencies and departments within these
agencies, and each is funded through a parallel budget line. These
agencies are in the nature of “budget-maximizing” bureaucracies and
have very little incentive to be accountable to the service users.

In recent years, GOE began moving toward addressing these
concerns. On the institutional side, “holding companies” have been
established for both irrigation services in the “new lands” outside the
Nile Delta and for WSS services. The explicit objective is to reduce
the recurrent fiscal burden of the government, while improving the ef-
ficiency and sustainability of O &M services. The eventual objective is
to convert these holding companies to off-budget entities that attract
private sector participation.

In the irrigation subsector,
two holding companies have
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been established: one for the
South Valley/West Delta and

one for Northern Sinai. For the
WSS subsector, a holding com-
pany subsuming 14 subsidiary
companies nationwide has been
l established. However, before

FY01

FY02 FY03 FY04 FY05 they can be effective, these hold-
Total irrigation expenditures M Total WSS expenditures 1ng companies .Face two major

Source: MOF annual data on expenditures of the two subsectors. challenges:

1. There is still no suitable regulatory framework that enables tariff-
setting to respond to user demand.

2. There is no strategy on how to write off/restructure the overhang-
ing debt and create organizational structures that can respond to
user demand/attract private sector participation.
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In the Nile Delta area, the IWRM action plan already has instituted
measures that enhance user voice in the O&M of services. MWRI

successfully delegated O &M responsibilities to water user associations
(WUAS) at the tertiary-canal (mesga) level. MWRI also is embarking
on an action plan to empower Water Boards to manage irrigation and

drainage O &M at the secondary or branch-canal level. The key measure
required is an amendment to Law 12/1984 (to empower WUAs), which
is expected to be enacted by the end of 2009.

Assessment of Expenditure Trends

Trends in Water Expenditures

Total water expenditures, thus including investment and recurrent invest-
ments, implemented between 1981 and 2000 reached LE 23 billion.
The notable trend was variability in WSS project investments over

2001-05, marking the end of an
expansion phase that began 2
decades back. It generated an
increase from 5.8 million m3/
day in 1982 to 18.2 million m3/
day in 2000. Coverage figures
achieved during this period were
quite impressive vis-a-vis MDGs:
potable water supply coverage
was almost 100 percent and
95 percent for the urban and
rural populations, respectively.
Per capita potable water use
increased from 130 liters/day in
1981 to 275 liters/day in 2000.
Sewerage and sanitation cover-
age also increased substantially:
from 1982-2000, wastewater
collection increased eight-fold.
On the MWRI side, the trend line
was steadier, perhaps reflecting
its consistent appropriations to
maintain the “trunk” hydraulic
infrastructure.

Figure 3.2a Trend of Irrigation Public Authorities’
Expenditures to Total Expenditures (%)
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Figure 3.3a Trend of WSS Public Authorities’ Expenditures New Investments vs. Maintenance
to Total Expenditures (%) Unlike other sectors of the econ-
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higher priority than the opera-

tion and maintenance of existing
assets. These practices could lead to significant costs in the future in
deferred maintenance and should be investigated.

Water Resources and Irrigation Subsector

Among MWRI departments, which are responsible for these activi-
ties, Sovereign Services Aid and Domestic Loans annually comprise
on average approximately 75 percent of financing. However, domestic
loans are actually long-term subsidies. The reasons are that they are
either (a) not repaid (for example, National Water Resources Center),
or (b) only partly repaid (for example, Egyptian Public Authorities for
Drainage Projects, or EPADP, which repays approximately 28 percent),
or (c) expected to be repaid by holding companies that do not have the
requisite cash flow from revenues. In general, user/service fees repre-
sent only a few percentage points for most departments (figures 3.4



and 3.5). The same issue applies
to the WSS subsector: Figures
3.6and 3.7.

Inaggregate terms, from 2000
to 2005 approximately 12 billion
LE has been spent on national ir-
rigation infrastructure and water-
resources related programs. This
level of spending translates to an
average annual rate of 15 percent
of total Egyptian public invest-
ments since 2000.

User contributions: Costs of
publicly financed investments
in subsurface drainage are fully
recovered from farmers, while
investments in tertiary-canal (or
mesqa) improvements are partially
recovered through the land tax.
Overall, farmers incur approxi-
mately 43 percent of the tertiary-
canal improvement costs.

In some cases (such as the
World-Bank-supported Irrigation
Improvement Project), farmers
are fully responsible for O&M
of the improvements provided
by MWRI at the tertiary-canal
(or mesqa) level. Collections
are made through land taxes,
levied at 30 LE/feddan/year on
average, which accrue to local
governments at a collection effi-
ciency of 60 percent—75 percent.
The collected taxes amount to
only 20 percent and 6 percent
of the recurrent and total bud-
get appropriations, respectively,
channeled by the Ministry of
Finance (MoF) to MWRI.
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Figure 3.4 Irrigation 0&M Cost Recovery Ratio (%)
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Figure 3.5 Financial Resources of Irrigation Subsector, 2001-05
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Total 814,629 1,058,328 1,087,872 1,198,336 1,218,945

Sources of Financing MWRI - Irrigation Department Budget

Services fees 4%
Grants 7%

Foreign loans 16%

Sovereign services aid 31%

Source: MWRI data.

Change in credits 3%
Other sources 1%

Domestic loans 38%
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Figure 3.6 Financial Resources of the WSS Subsector: Cairo

Sovereign
service

Domestic
loans

Foreign
loans
Grants

Internal
finance
Services
fees
Change in
credit
Other
sources

Total

2000-01
553,932

104,925

3,189

2,662
130,693

347,544

285,848

201,720

1,630,513

2001-02  2002-03 2003-04 2004-05
527,485 623,159 493,234 468,500
114,599 74962 174,000 229,000

796 1,164 4,000 4,000
210 42 0 0
167,402 153,183 559,818 494,068
387,433 411,030 515500 576,645
125,089 0 285847 285847
220,242 458,536 0 0

1,543,256 1,722,076 2,032,399 2,058,060

Sources of Financing Cairo Potable Water Authority Budget

Change in credits 11%

Internal finance 17%

Domestic loans 8% Other sources 10%

Sovereign services aid 29%

Services fees 25%

Source: MWRI data.

Figure 3.7 Water Supply and Sanitation: Cost Recovery (%)
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Source: World Bank Cross-country data (2003-2004).
Note: Ratio > 1 indicates user repayment not only for recurrent costs, but also for

capital costs.

For the future, there are
two means of financing the ris-
ing O &M and investment costs:
(1) increase contributions from
users through reforms of the
pricing system or (2) reduce costs
by improving efficiency of service
delivery. Through the Integrated
Irrigation Improvement and Man-
agement Project (IIIMP), MWRI
has been testing new options
to enhance cost recovery from
water users in the Nile Delta. In
addition, the proposed (World
Bank-supported) West Delta irri-
gation project would test full cost
recovery from farmers producing
high-value agricultural products
in the new lands reclaimed from
the desert.

WSS Subsector

The WSS utilities are responsi-
ble for the management of water
supply and sewerage networks
serving domestic, institutional,
and industrial water users. Nor-
mally, these networks should be
expected to recover at least all of
the O&M costs. The PER data
indicated a continued reliance
on the public budget, perhaps
because these utilities had been
caught in a vicious circle of low
tariffs, poor services, and low
consumer expectations of ser-
vice improvements, which in-
creased consumer resistance to
price increases. T here is a wide
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Table 3.1 Recurrent Unit Costs and Associated Subsidies in WSS

NOPWASD GOGCWS AWGA
System (Municipalities) (Cairo) (Alexandria)
LE per m?
Estimated capital, 0&M costs 1.0° [NR NA
Subsidy 0.8 0.9 NA
Average user fee® 0.2 0.2 0.3
Rate: Piaster /m3¢ 15-25 15-25 25-35

Notes:

a. National Organization for Potable Water and Sanitary Drainage.

b. General Organization for Greater Cairo Water Supply.

¢. Alexandria Water General Authority.

d. Wastewater tariff is 20% of water tariff for Cairo and 35% for Alexandria.

e. These are applicable to the residential units, which have water meters. Those who do not have meters or whose meters are not working pay a
fixed monthly charge for water consumption (LE 5—20 monthly/unit). The charge changes with house area.

gap between the actual costs of water supply (0.8—1.00 LE/m?) that
they incur and the user-tariffs (average 0.15 LE/m3) that accrue to
them. For example, Cairo water tariffs are among the lowest among
developing country megacities and pay for only 25 percent and 10
percent of the actual costs of water supply and sanitation, respec-
tively. Cost recovery in secondary cities/towns is better for water
supply (Alexandria’s is as high as 50 percent), although equally low (10
percent) for sanitation. Consequently, since establishing NOPWASD
(1981) and the economic authorities (1995), these entities regularly
have been bailed out through sovereign aid and domestic loans that
are never repaid.

Recent attempts to increase Cairo’s tariffs are awaiting concur-
rence from the local councils and the national Parliament. Low tariffs
not only impose a heavy recurrent fiscal burden on the national budget
but also generate disincentives for operational efficiency and respon-
siveness to consumers.

Prior to establishing the WSS holding company, governors had the
authority to set water prices to a ceiling of LE 0.23 /m?®. Although this
ceiling was below actual production costs by a factor of 3—4, not many
governors utilized even this authorization.

The final outcome was that domestic loans and sovereign ser-
vices aid (figure 3.6) became the sources of finances for even routine
O&M. The O&M subsidies to the subsector were estimated at
3—4 billion LE/annum, or 2.0 percent—2.5 percent of total public re-
current expenditures. Thus, the debt overhang of the WSS subsector
reached 14 billion LE.
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Sou

rces of Debt

In Egypt the WSS debt overhang has escalated (figure 3.9) for two
reasons:

First, WSS economic authorities (overseen by governorates) are
expected to pay for their O&M costs through user fees. How-
ever, there is a wide gap between the actual cost of water supply
(0.8-1.00 LE/m?®) that the authorities incur, and the user-tariffs
(0.15 LE/m? on average) that accrue to them. The consequence is
that since the National Organization for Potable Water and Sanitary
Drainage (NOPWASD) was established in 1981, and the economic
authorities in 1995, these entities have been bailed out regularly by
sovereign aid and domestic loans that rarely get repaid.

Second, in the absence of adequate cash flow from service users,
these agencies are fully dependent on O &M government budget
transfers. As these transfers often are based on historical prec-
edents, they often become biased toward paying wages rather than
toward creating an effective O &M; or they become biased toward
existing assets (such as water/wastewater plants and distribution
networks) rather than new ones. The consequence is “deferred
maintenance,” a situation that leads to unnecessary deterioration
of assets and (eventually) costly rehabilitation that could have been
avoided by less costly routine/preventive maintenance.

The rehabilitation of WSS infrastructure triggers cycles of debt be-

cause the utilities/NOPWASD are forced to borrow from the National
Investment Bank (NIB) or seek (often off-budget) subventions to meet

Figure 3.8 Poverty and Access to Water and Wastewater
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A similar analogy can be
applied to MWRI’s holding com-
panies for new lands. However,
GoE has not been as apprehen-
sive about the debt of the irriga-
tion subsector as it has about
that of WSS. The reasons are
two. First, irrigation debt has
not reached such an unwieldy
level as has WSS (figure 3.9).
Second, much of the irrigation
debt has been used to finance
trunk-infrastructure investments
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Figure 3.9 Cumulative Debts of WSS and Irrigation
Subsectors

20

LE billions
=
1

T T T
2000-01 2001-02 2002-03 2003-04 2004-05
WSS cumulative debt M [rrigation cumulative debt

Source: MOF annual data on the debt repayment by, versus loans to, the irrigation and
WSS subsectors (reference year is 2000).

of the “public good” type, which can be deemed sunk costs.

Inequitable Outcomes

The equity impacts of the existing sectoral arrangements can be

summed up in four points:

Customers in secondary cities and rural areas incur higher WSS
service prices than in major cities. In many rural/periurban areas,
water vendors supply potable water to households that have stand-
pipes, charging more than 10 times the actual cost for piped-water
prices. Moreover, poor farmers already pay as much as 10 percent
of their incomes for wastewater removal from cesspools, which
fact suggests their willingness to pay for a better service-provision
option.

WSS tariffs are heavily subsidized. Hence, increasing block tariff
structures may end up targeting cross-subsidies on the nonpoor
(for example, because the nonpoor may have smaller families or
may be able afford to use water-saving appliances, compared to
the poor), not penalizing the wasteful users.

Poorer areas have the worst WSS services (figure 3.8).

Afee of 70 LE-100 LE per feddan/year is estimated to be adequate
to meet the full O&M costs for irrigation services. This amount
would be an average reduction in farm incomes of 5 percent, a
percentage likely to be affordable to big and medium holders. In
the absence of targeting, subsidies are benefiting the richer farm-
ers, who use the most water.
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Responding to Challenges: GOE Policy Actions Taken

The government’s vision for sustainable financing for the water sector
is to (a) explore alternative cost-sharing arrangements with decentral-
ized service delivery institutions, (b) progressively turn over financial
responsibility for O &M to water utilities or water user organizations,
and (c) establish full cost-recovery arrangements between the govern-
ment and farmers/investors in the new lands.

GOE proposes to encourage public-private partnerships (PPP) in
the financing, operation, and management of irrigation and water sup-
ply infrastructure. Recently established holding companies are being
encouraged to seek out private partners who can share capital and
O&M costs for both the expanded irrigation network in Toshka and
El-Salam canal, and for the WSS subsectors.

Irrigation

The Water Boards Project is testing ways to transfer water management
responsibilities at the secondary level of the irrigation system from MWRI
to user organizations. This transfer would reduce the government’s con-
tribution to O &M costs by approximately 50 percent. The extra burden
on farmers is expected to be partially compensated by exempting them
from paying land taxes to local governments. The IIIMP will be testing
new organizational arrangements that link the MWRI’s investment and
operational functions to user organizations’ responsibility for operating
and maintaining the irrigation network below the branch canal level.

Water Supply

While GOE'’s efforts at WSS decentralization have focused on changing
the institutional arrangements, the latter have not as yet adequately
addressed service efficiency concerns:

m Increased WSS tariff collection responsibilities at the governorate
level very well could end up simply topping-up employee wages,
unless the latter are made contingent on either increased labor
productivity or improved O &M services.

m  There are as yet no policies for penalizing nonpaying customers.
Government and public sector institutions often are exempted
from paying water bills.
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m The cost of water treatment and distribution has not been fully
borne by industrial users because government subsidies support-
ing O&M costs benefit all users (for both water and wastewater
treatment). On average, for example, industries are billed | LE /m3
for water, which is often substantially below the costs of delivering
the service.

m There also is a pronounced regional bias in WSS services that
favors major cities in the Nile Delta and along the Suez Canal.
Even though rural population densities are high in the delta, there
is almost no sewerage in Upper Egypt or generally in rural areas.
Sanitation has been defined as an urban public service, and no
institution/agency has adopted providing sanitation to the rural
areas (figure 3.8).

Recommended Policy Orientations

Increase Recovery of Recurrent Costs

Egypt’s hydraulic infrastructure has been constructed over several
millennia and is dependent on a storage, distribution, and collection
system around a single river. The public-good aspect of a significant
part of MWRI expenditures (headworks and main canal systems)
always will remain. However, significant budgetary savings could be
accomplished by devolving irrigation and WSS service functions to
locally accountable institutions. To this end, holding companies should
be vested with wider authorities to raise tariffs and recruit employees.
These companies also should be entrusted with more proactive roles
beyond O&M and undertake new investments. Concerning WSS
services, the medium-term policy should focus on recovering O &M
and amortization costs from the users. Increased private sector inter-
est will take place only when there is clear evidence of reliable cash
flow from users.

Over recent decades, public finance of irrigation expansion in
the “new lands” has taken place over vast expanses of the desert
around the Nile River system. Mega projects such as Toshka in
southwest Egypt, and El-Salam Canal east of the Nile Delta and
Sinai have been implemented. These decisions have been based on
economic, social, and political considerations that include developing
agroindustrial communities and investment zones outside the Nile
Valley to decongest the valley system. However, there are significant

51
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opportunity costs of these investments, which have absorbed bil-
lions of dollars of scarce public resources. Future investments could
follow two criteria:

1. Maximize “crop value per drop,” meaning that the revenues gen-
erated from irrigated agriculture should focus on high-value crops
that generate income and employment opportunities.>

2. Cost-recovery through volumetric pricing of water services.

Use a Part of Recurrent Cost Savings to Leverage Investments That
Focus on Low-Income Communities and Urgent Environmental
Expenditures

The recurrent cost savings could be used to leverage donor financing
to support a nationwide targeted program aimed at improving water
and sanitation services in low-income communities. For water supply,
the focus could be on the low-income communities of Upper Egypt
through national budgetary finance. Concerning water quality, one
subregion’s untreated wastewater becomes the downstream com-
munity’s pollution problem. Moreover, the financing requirements to
tackle the costs of environmental degradation are enormous and require
significant long-term donor concessional commitments.*

Establish Criteria to Ensure That New Public Investments
Do Not Substitute for the Maintenance of Existing Hydraulic
Infrastructure Assets

Until the above reforms are instituted, public expenditures will continue
to be the main sources of maintaining existing assets. In this case,
developing new assets financed through public appropriations® should
not substitute for public appropriations to maintain existing assets.°

3 The “old lands” in the Nile Valley are restricted by heavy soils, very small ten-
ures, and traditional farming systems dating back thousands of years. Each of these
restrictions impedes fostering a cropping pattern that maximizes net exports.

4 See Shawky and others, ““Assessing the Efficiency and Equity of Water Subsidies:
Spending Less for Better Services” in this volume.

5 Chapters 3 and 4 of the budget (according to the budget structure of the Ministry
of Finance in 2005).

¢ Chapter 2 of the budget for regular/preventive maintenance and chapter 3 for
occasional/major rehabilitation.
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Decentralize

Decentralization of governmental responsibilities and community
participation in service planning and delivery must be deepened. It
requires the participation of water user groups in the planning, design,
implementation, and O&M of water works; in setting and adminis-
tering tariffs; and in supervision and quality control. Decentralization
also intends to eliminate government involvement in routine O &M/
rehabilitation of irrigation systems. In the WSS sector, utilities need
to be accountable to local users and elected bodies, such as municipal
councils. Meaningful participation cannot be achieved unless there is
greater transfer of responsibility, authority, and resources to grassroots
user groups.

Deal with Debt

Most of the water sector’s domestic debts have short maturity and
therefore are not appropriate instruments to finance this type of long-
term investment. Furthermore, as the domestic debt is not actually
repaid through revenues from water tariffs, its write-off by the gov-
ernment becomes inevitable.

As in the Philippines (box 3.1), the long-run success of decentral-
ization requires the resolution of the debt overhang.

A possible solution is to link debt relief with the accomplishment
of the key institutional reform milestones: improving financial and op-
erational efficiency. For example, the WSS holding company’s debts
could be written off after the accomplishment of milestones linked to

Box 3.1 Water Management in the Philippines

In the Philippines, after the law devolved O &M responsibilities from the National Irriga-
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tion Administration (NIA) to the local governments/communities, local governments/

communities have been reluctant to take over the O &M of communal irrigation systems. In
addition to the lack of capacity at the local level, reluctance was due to the debt overhang
that also was to be passed from NIA to the local governments/communities. Eventu-
ally, national legislation was necessary to write off most of the debt. NIA also offered

a pilot program in which a considerable part of the debt is waived if local governments/

communities contribute immediate equity through fostering local private investment in

irrigation and raising user fees.
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financial and operational efficiency. Performance could be monitored
through five key indicators, such as debt service ratio, unaccounted-
for-water (UFW) percent,” number of staff per 1,000 connections,
total number of connections, and 100 percent metering of all water
connections/subscriptions.® External support through a sector-wide
approach (SWAp) operation or debt restructuring could improve ser-
vice performance.

Address Procurement Inefficiencies

One glaring example of procurement inefficiencies is the lack of trans-
parency. Inappropriate procurement practices can be controlled if
oversight of the tendering process explicitly involves the participation
of beneficiary communities. Current procurement practices are designed
to safeguard the integrity of public spending but often end up creat-
ing the opposite effect. Delays in awarding contracts and in honoring
government payment commitments to contractors result in the lack
of interest among highly competent Egyptian companies in bidding
for government contracts. Overstaffing in departments has resulted
in unnecessary procedures and paperwork, often as “make-work”
assignments for government staff. Furthermore, the practice of retain-
ing retirees as senior management advisors/consultants demotivates
middle-level staff.

Ensure Appropriate Design of Water Facilities and Choice
of Technologies

The technologies selected in providing water services often are oversized
and not cost-effective, and increase O&M costs to users. An example from
the irrigation subsector at the tertiary-canal level is pumping facilities
(pump set and pump house) and pipelines that have been oversized to
“guarantee” reliable irrigation deliveries. A cost-effective alternative
would be to involve the Ministry of Agriculture and Land Reclamation
(MALR) inimproving extension services and MWRI in improving the abil-
ity of a farmer to receive water on demand, that is, through continuous

" Unaccounted-for-water (UFW) includes leaks and water supplied to illegal
connections.

8 See example on Egypt’s WSS benchmarking indicators in chapter 4 by Shawky
and others.
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flow. These concepts are being Figure 3.10 Actual Expenditures vs. Needs (1 [£/yr)
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tested in the [IIMP? 7000
Rather than being unilaterally 6000
imposed by one agency solely to £ s+
meet engineering/technical crite- & 400+
ria, technology choice should be E‘ 30001
based on comprehensive (multi- = 2007
agency) and cost-effective plans. !
These comprehensive plans ’ Addmms " Additional expenditures | Total ACTUAL

should be coordinated jointly
by MoF, Ministry of Planning, toimprove water quality - to improve water qualty

and public health and public health
NOPWASD, Egyptian Environ-
mental Affairs Agency (EEAA), Source: MOF (2004) data and World Bank (2005).
MWRI, Ministry of Health and
Population (MoHP), and Ministry of Local Development (MoLD).
Therefore, sequential and prioritized spatial coverage of services and
adoption of low-cost technologies should be sought.

In figure 3.10, actual public expenditure'® (light blue) vs. needs
(orange plus blue) show that savings from expenditure rationalization
can be reallocated to meet the unfunded needs.

Savings from the public expenditure can largely be achieved
through:

m  Theaforementioned policy orientations | and 2: financing recurrent
expenditure through targeted end-user fees will free some public
funds that then can be spent on public-like needs, such as water
quality. This is an example of an “allocative” efficiency.

m Theaforementioned policy orientations 6 on procurement efficiency
and 7 on “right-sizing” the works. These are technical efficiencies

Rationalize the Institutional Architecture

There is room for cost-saving toward through reducing overhead costs.
The WSS subsector has begun to reduce overheads through establishing

? See in this volume the chapter entitled “Egypt: Irrigation Innovations in the Nile
Delta” by Jose Simas and others, in which the W-10 pilot has tackled this oversizing
issue (albeit on a demonstration scale).

10 Summation of the long-term capital investments “annualized” for 2004, plus
recurrent expenditure actually spent in 2004.

NEEDED for the NEEDED for the expenditures of
irrigation subsector WSS subsector the water sector

in 2004
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the holding company described above. In the irrigation subsector, MWRI
is piloting programs to reduce overheads within the governorate level,
namely, at the water directorates and water districts levels. Supported by
a USAID project and IIIMP, MWRI is piloting Integrated Water Manage-
ment Districts IWMDs), which assume the O&M roles. The IWMDs
are entities integrated at the district level based on hydrological rather
than administrative boundaries. To remedy the current fragmented
structure, in the IWMDs, all MWRI departments are represented in
one organization. T his structure is expected to reduce O &M transac-
tion costs as well as to improve O&M at the district level. The next
step is to pilot Integrated Water Management Directorates, which assume
design and construction roles. The lessons from these pilots will be used
to scale up the concept throughout Egypt.

It is advisable to change the accounting practices by posting all
water-related costs under one account within the general state budget.
This change could unify the present fragmentation among different
institutions.

Form Partnerships with the Private Sector

Beyond the adoption of holding companies, more advanced PPP mod-
els in irrigation and WSS need to be piloted. The depth and mode of
private participation will depend critically upon measures taken to
improve cost-recovery.

Recommended Immediate Actions

The short-term policy recommendations drawn from this PER analysis
are:

I. a. Amend Law 12/1984. Irrigation Management Transfer (IMT)
to water user associations/groups is envisaged to reduce the fis-
cal burden on the government, while improving local irrigation
services. These groups need the authority to collect, retain, and
administer user fees. There is an enforceable legal basis for WUAs
to raise (land) taxes to recover O&M costs of the tertiary canals,
because these canals are privately owned by farmers. However,
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branch canals are public assets, and there is no legal basis for WUAs
and Water Boards to recover O&M costs. Unless Law 12/1984 is
amended, the suggested reforms cannot be effected.

2. b. Putin place a subsectoral investment and restructuring program
in WSS. By virtue of two presidential decrees," a legal basis has
been initiated for the WSS holding company and its affiliated com-
panies to raise tariffs and achieve financial autonomy. However,
these utilities face a difficult organizational challenge. The basic
infrastructure, such as universal metering, is not in place; users are
skeptical of their capacity to improve services; the debt overhang
restricts the flexibility of financial management; and the organiza-
tions are heavily overstaffed.

What is required is a wide-ranging investment and restructuring
program to simultaneously improve service quality and the financial
autonomy of WSS companies.

References
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'In 2004, two Presidential Decrees were issued that regulated the WSS subsector
under the responsibility of the MHUNC. The first decree, 135 for 2004, is concerned
with the creation of a Holding Company for Drinking Water and Sanitation and its
affiliated companies that include the General Economic Authorities for Drinking
Water and Sanitation operating in the governorates. The second Presidential Decree,
136 for 2004, covers the creation of the Central Authority for the Drinking Water and
Sanitation Sector, and Protection of the Consumer. This decree aims at regulating and
monitoring for quality control and consumer-price control.
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Assessing the Efficiency and
Equity of Water Subsidies:

Spending Less for Better Services
Ahmed Shawky Mohamed, Alexander Kremer,

and Manish Kumar

Background and Objective

This chapter is a sequel to chapter 3 on water sector issues and expen-
diture patterns in Egypt.' This chapter identifies how public expenditure
could be reallocated to improve equity and productivity.

Water Has Public and Private Features

A public good is “nonexcludable” because it is costly or unrealistic to
link end-user charges to usage. A public good is also “nonsubtractable”:
one person’s use of the infrastructure or the service does not detract
from another person’s use. Trunk water infrastructure’—multipurpose
dams/barrages, multipurpose conveyance canals, flood control infra-
structures, and major water/wastewater treatment plants—are public
goods. They may be efficiently funded by flat charges or general/
sovereign revenues, and there is no reason to link end-user payments
to their usage.

However, when water reaches the end-user, it becomes a pri-
vate good. A private good is subtractable, meaning that one person’s
use subtracts from another’s; and excludable, meaning that one can

' This chapter originated as Water Policy Note 2 (World Bank 2005b), the sec-
ond on Egypt’s water sector, as part of the analytical work supporting the Public
Expenditure Review (PER) in Egypt, a collaboration between the Government of
Egypt and the World Bank. The aim was to inform government decisionmaking on
increasing the value added from water and curbing the socioeconomic costs of water
pollution, while reducing the burden on the government budget.

2 This is true for the infrastructure although not, of course, for the water resource
base.
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stop nonpayers from using it. In other words, it is efficient to charge
the user and earmark user charges to cover the costs of the service.
Charging can help to ensure that the good is not over-consumed. One
example of a private good is “on-farm” water, the water flowing into
tertiary/quaternary canals of the irrigation network. Another example
is household water supply and sanitation connections.
Figure 4.1 Breakdown of Capital Spending between Public Government Spends
and Private Goods on Private Goods
Capital expenditures
1000007 Egypt’s capital spending on irriga-
tion is primarily for public goods,
o 10000007 but the Egyptian government
g also makes a major allocation to
5000007 private goods (figure 4.1). The
message in figure 4.2 is more
. ' ' ' dramatic: public recurrent expen-
[ ubegoot friate goud Hietuood diture has been almost entirely
on private-good aspects of water
Figure 4.2 Breakdown of GOE Recurrent Spending delivery.
on Public and Private Goods This observation can be cou-
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Recurrent expenditures pled with the observations of
chapter 3 (first published as World
Bank 2005a). Egypt’s water infra-
structure is suffering from inad-
equate maintenance. Increased
user charges for downstream
operations and maintenance
' ' ' (O&M) could release public re-

sources for priority maintenance
of deteriorating upstream infra-
structure. These resources, in turn, would reduce the need for public
funding of infrastructure rehabilitation. They also would release public
resources for under-funded public priorities such as wastewater collec-

tion and treatment.

Potential Efficiency Gains

One can measure the potential for improved efficiency by benchmark-
ing institutions’ performance.
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of water application, mea-

sured at the root zone and (2) the adequacy and reliability of irriga-
tion delivery, assessed against engineering/technical benchmarks.
b. [Internal indicators. These compare system outputs with inputs. The
indicators may include (1) assessing the ratio of the water usage
to the water actually delivered at various levels of the system and
(2) economic efficiency (cost-benefit ratio).
c. Comparative indicators. These indicators assess impacts of irrigated
agriculture across compa-
rable irrigation systems and/  Figure 4.4 On-Farm Water Demand/Supply Ratio
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Better use of water and efficient irrigation practices
The analysis supported by figures 4.3—4.11 draws from a 2002-03
dataset, which may not be representative of the current nationwide

3 See International Programme for Technology and Research in Irrigation and
Drainage, www.fao.org/iptrid/
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Figure 4.5 Canal-System Efficiency of Water Delivery
(Water Supply at Canal Level vs. Farm Level) (%)
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Source: Agriculture and Rural Development Department (ARD), World Bank,
communicated by Safwat Abdel Dayem, former World Bank Drainage Advisor.

context. Therefore, the results
and the argumentation drawn
may not apply to all irrigation
schemes in Egypt. The inten-
tion was more to make a case
for scaling up the benchmarking
exercise (when more ample data
sets are available), as part of the
IWRM ASSESSMENT exercise
advocated in this volume.
Figures 4.3—4.5 compare the
irrigation technical efficiency of
6 branch-canal command areas
in Egypt. They show that some

regions use water much more productively than others. Figure 4.3

compares seasonal water supply per hectare; figure 4.4 compares the

on-farm water supply-demand ratios; and figure 4.5 compares the

canal-system efficiency of water delivery.

The branch canal level is the secondary level in the Egyptian irriga-

tion delivery system, below the trunk/main canal level. Being under

public ownership, the branch canal level is managed and financed by

the Ministry of Water Resources and Irrigation (MWRI). However,

the MWRI piloted various programs to hand over its management

Figure 4.6 Annual Irrigation Supply per Unit Irrigated Area
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to Water Boards (World Bank
2005). The rationale was that the
canal-drainage system is a private
good from the branch-canal level
downward.

The data in figures 4.3—4.5*
depict a significant disparity in
performance among the 6 com-
mand areas. MWRI distributes
water among command areas
in proportion to crop water re-
quirements, adjusted for cropping
area. Therefore, any variation in
water availability per unit area at

* Figures 4.4 and 4.5 lack 2 of the 6 observations of figure 4.3 due to lack of data.



the field level can be attributed
only to water management in-
efficiencies downstream of the
allocation point, namely, at the
secondary level and below.

Figures 4.6—4.8 compare
the technical and operation-
al performance of Balaqtar, a
representative canal in Egypt,
with comparable canals in In-
dia (Sriramsagar), Mexico (Rio
Yaqui), and Kenya (Malindi)
(World Bank 2003). The compar-
ison reveals a significant potential
for improving the operational and
managerial performance of the
feeder level of Balagtar.

The data in figures 4.3-4.8
support the argument for trans-
ferring the management and
finance of the nonheadwork
canal systems to water user
organizations (with temporary
technical backstopping from
MWRI). This would not only
reduce public spending but also

ensure more efficient irrigation
practices (World Bank 2005).

Economic efficiency of irrigation

Figure 4.9 compares the eco-
nomic efficiency of irrigation in
Egypt and other countries. The
monetary value of agricultural
production per unit of water is
used as an indicator of economic
efficiency. Although the crop-
yield-per-unit-area in Egypt is
quite high (particularly with rice),
figure 4.9 clearly suggests that
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Figure 4.7 Cost-Recovery Ratio
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Figure 4.9 Average Production Value per Unit of Irrigation
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duction Value per Unit Irrigation Supply the economic returns to irrigation
water in Egypt are lower than

0.70 4
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0.50
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0.20

international norms.
Figures 4.10 and 4.11 (World
Bank 2003) support this argument
B I I by comparing the performance
of Balagtar Canal with com-
parable canals in India, Kenya,
and Mexico.

0.10
000 The causes of the low socio-
S & & @ & & economic returns to irrigation
¥ water are twofold:

a. Inefficiency in agricultural production and supply chains. Even
though this is outside the water sector, it reduces the return on
irrigation sector investment.

b. Low technical efficiency at the canal/farm level.

Figure 4.11 Production Value per Unit Irrigated Area, Potable Water and Sanitation

Incdluding Multiple Cropping (USS/ha)
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Robust indicators for the WSS
subsector have been established
I I and used world-wide. Cost-

recovery in Egypt is very low

(table 4.1).

Unaccounted-for Water (UFW)
Is High

Unaccounted-for water (UFW) is
one of the most important indica-
tors of efficiency in the WSS sub-
sector. UFW is defined as water that is not metered or billed to customers.
It is calculated by subtracting the metered consumption from the total
amount of water supplied to the water system. UFW comprises:

. Apparent water loss arising from meter inaccuracies and improper
accounting of water used in filling new mains, connections, and
service reservoirs, and for flushing the water distribution system
during maintenance.
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Table 4.1 Benchmarking Water and Sanitation Subsector
Capital cost- Consumption Debt service
Governorate/ indicator recovery ratio (%) (liter/capita/day) ratio (%) No. staff/1000 connection
Benchmark (norm) 50 80 rural/150 urban 1103
Water Wastewater

Aswan 3 108 —383 NA 10
Alexandria Water 4 351 -16 14 DNA
Alexandria Wastewater 32 NA 41 4 NA
Beheira 14 85 m 8 NA
Beni Suef 6 52 -8 7 20
(airo Water 3 252 -192 NA 14
(airo Wastewater 9 NA —450 14 NA
Dakahlia 6 DNA —4 6 6
Damietta 14 DNA 0 7 DNA
Fayoum 8 102 —15 4 DNA
Gharbia 5 81 -3 7 17
Kafr El Sheikh 12 124 0 7 15
Minia 6 DNA 0 9 DNA
Shargeya 7 100 —4 6 10

Source: Personal communication with USAID.

Notes: NA = Not applicable; DNA = Data not available.

1. Capital cost-recovery ratio = Revenues/total net fixed assets.

2. Debt service ratio = Debt service/operating profit (loss) before depreciation.

2. Actual water loss due to leaks and theft.

In Egypt, quality UFW data is scarce. Studies on specific areas
show UFW values from 50 percent—67 percent. This percentage is
usually higher for smaller municipalities. A data set for 15 governorates
shows a UFW range among governorates of 15 (Cairo) to 56 percent
(Fayoum), with a weighted average for the 15 governorates of 30
percent.

In developed countries, UFW usually ranges from less than 10
percent for new systems to 25 percent for older systems. However,
some Eastern European and African countries regularly reach 40 to
50 percent, or even 60 percent.

Comparing the indicators for Egypt with those observed from the
comparable international norms, one can conclude:

m A number of staff per 1,000 population served well above 5, indi-
cating heavy overstaffing
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Very low cost-recovery ratios and debt service ratios
Accurate UFW percentages not known, but probably at typical
developing-country levels (30 percent—50 percent)

m Large disparities in liter/capita/day usage rates across country.

Government policy is that water utilities should be financially au-
tonomous. However, because of low end-user tariffs, the government
inevitably bails out loss-making utilities with grants from the Ministry of
Finance and loans from the National Investment Bank (NIB). Higher
rates would help GOE to achieve its goal of financial autonomy for water
utilities. Rate increases also would enable and encourage the utilities to
improve technical efficiency (unit service per unit expenditure).

In conclusion, Egypt’s water and sanitation services are less finan-
cially sustainable than the developing-country norm. Regarding water
management efficiency, the country’s services are possibly on a par
with utilities in Eastern Europe and Sub-Saharan Africa.

Improved Wastewater Disposal Will Benefit the Entire Nation

We have shown above that a disproportionate volume of public spending
is allocated to private goods. At the same time, there are great unre-
alized opportunities for public spending on public goods. Wastewater
disposal is a case in point.

As part of the Country Environmental Analysis of Egypt (World
Bank 2005), a study was undertaken to estimate the socioeconomic
cost of the disposal of maltreated or untreated wastewater. Three
policy options were compared:

I. Business as Usual (BAU), the status quo

2. Government-led centralized actions including those executed in
urban and suburban areas, as proposed by the National Plan for
the Protection of the Water Resources of Egypt (2003)

3. Option b plus community-based and hygiene measures to control
the unsafe disposal of rural sewage.

The study has estimated that the socioeconomic cost of maltreated/
untreated wastewater is higher than LE 9 billion, or 2 percent of GDP
(figure 4.12). These costs represent the harm caused to human health,
agriculture, and fisheries.
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Better wastewater disposal Figure 4.12 Cost-Benefit Analysis of Improving
is a classic case of a public good ~ Wastewater Disposal

67

because it would benefit the Forgone benefits (damage costs) ™ Cost of added treatment/control

entire nation, particularly those e

o
5
-
6 -
s
.
s

downstream who cannot easily
protect themselves. By imple-
menting the measures cited in

the 2003 National Plan for the
Protection of Water Resources,

Total costs LE billion/year

Egypt could achieve a net benefit 2
of LE 2 billion. The addition of 19 e
community—based and self-fi- ’ BAU I Central measures I Central + community

nanced sanitation programs could
produce an extra net benefit of
LE 1 billion. See details in appendix 2 and in chapter 3 (World Bank
Policy Note 2005).

Do Water Subsidies
Support Incomes
of Poorer Households?

As argued above, downstream O&M expenditures provide private
goods and should be covered by user charges. Switching to user charges
would release public expenditures for priority public needs, such as
wastewater treatment.

However, one possible justification for public subsidies to downstream
O&M is that it is an efficient way to support the incomes of poorer
households. According to this argument, water subsidies would play the
role of a social welfare transfer from the taxpayer to the poor.

The methodology of Benefit Incidence Assessment (BIA) can test
whether water subsidies are an effective social welfare transfer. BIA
studies the distributional impact of public expenditures and whether
it is pro-poor. A subsidy is defined as progressive if the absolute value
of the benefit is greater for a poor household than for a rich one. The
information acquired can be a useful input for policymakers concerned
with the improved targeting of programs and subsidies.

This BIA analyzes whether the current irrigation subsidy is progres-
sive (appendix A4.1). The analysis is run for two samples of agricultural
households from the western areas of the Delta region

&hygiene measures



68

WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

There are inherent difficulties with BIA of the irrigation sector. BIAs
for education or health services utilize the difference in participation by
the poor vis-a-vis the rich. However, this methodology is inadequate
for irrigation because households use irrigation to different degrees.
Therefore, the study attempts to differentiate the level of participation
among households. Ideally, this differentiation would be achieved by
measuring water utilized on each household’s farm, but it is difficult to
measure water utilized on a farm. In fact, in Egypt, irrigation water is
not metered at canal-to-farm turnouts. Irrigation water utilization is a
function of area cultivated, crop type, soil type, climate, and on-farm
irrigation technology.

Two samples were taken at different times and in zones with
different socioeconomic characteristics. Sample A was taken from
districts in three governorates and used landholding as a proxy for
water use. Sample B was drawn from 7 villages in | governorate and
included water-use data collected by interviewing a random sample
of rural householders.

Findings

Figure 4.13 Farmer Land and Income Distribution Sample A

acres/household
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Land and income distribution Figure 4.13 shows the relationship

[ 60000 between households’ landholdings
= 50000 . .
and incomes. Households in the
- 40000 ) : )
richest income decile own on av-
- 30000

LE/household/year

0000 erage 10.8 acres, compared with

I 1.4 acres in the poorest decile.

On the assumption that wa-

2 3 4 5 6 7 8 9 10

Decile ter use and subsidies are pro-

Veamacesih —motiean camelih portional to landholdings, there
is a strong correlation between
a household’s income and its
benefit from water subsidies. The richer households benefit most.
According to the data in this sample, exactly 75 percent of the water
subsidy benefits the richest 50 percent of households, whereas only 25
percent benefits the poorest 50 percent. Only 9.7 percent of the total
public subsidy is received by the poorest 25 percent of households.
These findings indicate that irrigation subsidies are not justified as
a policy instrument for the redistribution of income. The main benefi-
ciaries of subsidies are the rich, not the poor.
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The average value of the irrigation subsidy is LE 137/acre. Using
this figure, it is possible to (1) calculate the importance of the irriga-
tion subsidy as a percentage of total household income for richer and
poorer households and (2) see whether removing the subsidy would

have a disproportionately severe impact on the livelihoods of poor
households.

The irrigation subsidy is Figure4.14 Irrigation Subsidy as Share of Income
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worth 2.5 percent—4 percent of

the income of rural households 120%
of allincome classes (figure 4.14). 100%
There is no clear correlation 8.0% -
between household income and A

the importance of the irrigation o

subsidy as a share of income. The 2%

irrigation subsidy is therefore not

0.0% -

a major contributor to household 12 3 4 5 6 1 8

. Decile
income for the poor.

The delegation of the man-
agement and financing of down-
stream irrigation systems to water user associations (WUAs) would
involve an increase in water charges to farmers. Delegation also would
help farmers improve their crop yields through better water manage-
ment. Therefore, it is useful to calculate the irrigation subsidy as a per-
centage share of farmers’ crop income. This method would show the
increase of crop income needed (as a result of better water management)
to compensate farmers when the irrigation subsidy is withdrawn.

The required increase in crop income to compensate farmers for
losing the irrigation subsidy would range from 6 percent—l1 percent.
The required increase in crop production is higher for poorer farm-
ers than for richer farmers. The reason is that richer farmers achieve
higher levels of crop income per acre, so the subsidy is lower as a share
of their crop incomes. However, even for poorer farmers, the yield
increases required are well within the range that is expected to result
from improved water management.

Sample B

Sample B represents 60 farms (not households) in the Western Delta
area. This zone of newly developed land is characterized by larger, more
commercial operations specializing in high-value cropping. Thus, it is
not representative of Egyptian farming as a whole. For Sample B, farm

W Subsidy/income Subsidy/crop income
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Figure 4.15

Mean Water Use by Crop Income Quintile
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crop income—not household
income—has been the measure
according to which the income
quintiles are established.

As noted above, the dataset
for Sample B includes estimates
of'water use in irrigation by farm.
Thus, it is possible to do without
the assumption that water use
is proportional to landholding.
Indeed, water use per unit area
is significantly different among
farmers of different income
groups.

Figure 4.15 plots the benefit
incidence by income quintiles.
Again, the allocation of the
subsidy is regressive, meaning
that most of it is captured by
high-income farms. In this case,
the 50 percent of farms with the
lowest incomes receive only 36
percent of the subsidy, and the 25
percent of farms with the lowest
incomes receive only 13 percent
of the subsidy.

The reason that the subsidy
distribution in Sample B is less
regressive than that in Sample
A is that the larger farms in
Sample B are more likely to use
water-saving irrigation equip-
ment (drip and/or sprinkler),
instead of furrow irrigation. For
this reason, even though the land
area is significantly larger, the
volume of water used per farm
is slightly lower in the fourth and

fifth income quintiles than in the third. Rates of usage of water-saving

equipment are illustrated in figure 4.16. Investment in such systems is
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a characteristic of the high-value commercial farming practiced in the
Western Delta region, from which Sample B is drawn.

However, it is likely that the analysis above understates the regres-
sivity of the water subsidy. According to the data from Sample B, the
volume of water used per cropped feddan in the fifth quintile is ap-
proximately a one-tenth of that in the other 4 (lower-income) quintiles
(figure 4.17). While part of this difference may be attributable to the
use of water-saving systems, the differential is too great to be cred-
ible. It is possible that the larger farmer operations have understated
their levels of water consumption, leading to an underestimation of the
regressivity of the water subsidy.

Conclusions from the Benefit Incidence Assessment

Water use by the poorest 25 percent in Sample A was 9.7 percent of
the total, implying that 90 percent of the irrigation subsidy is being cap-
tured by the non-poor. The annual subsidy in the irrigation subsector
(recurrent plus amortized capital expenditures spent on quasiprivate
goods/services) is approximately LE 1.8 billion. Thus, approximately
LE 1.6 billion annually, or approximately 0.3 percent of Egypt’s GDP,
could be being spent on irrigation subsidies for the non-poor.

Targeting this money at the poorest would significantly reduce
poverty rates. If the irrigation subsidy received by the richest 75 percent
in Sample A instead were allocated to the poorest 25 percent, it would
raise their total household incomes by as much as 30 percent.

Conclusions

The findings of this analysis are:

m  Thereis a pressing need for additional state expenditure on waste-
water collection and treatment, a public good that could add at
least | percent to GDP.

m Adisproportionate volume of public expenditure on water is on “pri-
vate” (nonheadwork/trunk) water infrastructure and services.

m  When benchmarked against established performance norms, this
expenditure is inefficient.

m  There is no equity justification for public irrigation spending on
private water benefits because most of these benefits are captured
by the better-off farmers.
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These findings provide a quantitative foundation for the recom-
mendations proposed in chapter 3 in this volume, namely, the gradual
transfer of the finance and management of downstream infrastructure
and services from public agencies to WUAs and autonomous utilities.
Responsibilities to be delegated to water user organizations would in-
clude water allocations and the assessment and collection of charges.
Such reforms would release funding for priority expenditures on public
goods such as upstream maintenance and wastewater management.
These reforms also would improve the equity of water-financing
by ensuring that farmers’ contributions are more proportionate to
their benefits.



Assessing the Efficiency and Equity of Water Subsidies

Appendix A4.1 Data Used in the Benefit Incidence Assessment

The B/A analysis is based on two separate surveys, Sample A and
Sample, B. They were conducted by local consultants over different
periods and followed different methodologies. Besides other variables,
the first survey has data on area used for cultivation; the second includes
actual irrigation water used. Finally, the sample sizes were different;
and the survey data represent 2 distinct rural compositions.

Sample A was drawn from a random sampling survey conducted
over 8 counties in 3 governorates of Egypt’s West Delta region. These
governorates and the counties are listed below, with the number of
samples from each region in parentheses:

1. Beheira Governorate: Zarcoon (45), Depono (65), Barseeq (40)

2. Alexandria Governorate: Mohagrein (20), Abu-Sombel (27),
El-Basrah (27)

3. Matrouh Governorate: El Ola (30), El-Tanmiah (30).

The Sample A survey collected data at the household level for
2003-04 on the following:

Land owned by the household (net area cultivated)

Gross income from the farm

O &M cost for water management on the farm

Net income from livestock

Net income from off-farm activities

Total net income (net farm, net livestock, and net off-farm income)

Nk W

Number of family members.

The per-unit irrigation subsidy was computed using the expen-
diture of MWRI for the corresponding year. The figures were taken
from Egypt Public Expenditure Review, May 2005, table | (World
Bank 2005). The review note states that in 2003—04 approximately
LE 4.09 billion was spent on water infrastructure by the irrigation and
agriculture subsector, of which nearly 79 percent was spent on new
investments. Table | of the review also gives MWRI expenditure as
LE 1.2 billion, which includes 0.04 billion collected as user fees. The
total irrigated land in Egypt is 8.45 million acres. The per-unit irrigation
subsidy therefore is computed as follows:
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Unit subsidy = (1.2-0.04)/0.00845 = LE 137 per acre (approx.).

Sample B collected data from the following villages in the Western
Delta area:

El Hussain

Bostan

Nobaria

Bangar Souker/Banger Elsokar
Rowaisat

El Fekra Station

El Omayed.

Nk w

Sample B was undertaken over a short period and is representative
of the rural area constituted by the villages above. Consequently, the
result of this analysis is not generalized for the country. However, the
survey provides insight into the differential subsidy allocation within
the sample range.
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Appendix A4.2 Assessing the Social Benefits of Sanitation

As part of the Country Environmental Analysis of Egypt (World Bank
2005), one study evaluated the full social and economic costs and ben-
efits of the country’s water use and disposal. The study put particular
emphasis on rural water and sanitation. Three policy options were
analyzed: (1) Business as usual (BAU); (2) centrally planned actions, as
of the National Plan for the Protection of the Water Resources of Egypt;
and (3) the latter plus controlling rural water pollution (assuming both
partial and full coverage).
The study factored in:

m  Threekey at-recipient parameters: Fecal coliforms (combined with
“exposure-risk” parameters)® to infer health benefits, dissolved
oxygen (DO) for fishery production benefits, and total dissolved
solids (TDS) for crop production benefits.

m  Corresponding “dose-response” for estimating the fishery/crop losses,
and corresponding “exposure-risk” for estimating the disease inci-
dences; translation of the forgone benefits into monetary values.

m  Weighing the discounted forgone benefits against the discounted
expenses regarding each of the three inaction/action options.

For the BAU option, the damage cost assessment undertaken for
water pollution included two types of forgone benefits:

5> Agricultural damages were estimated at the “Consumer and Producer Surplus,”
forgone as a result of the high TDS concentration (using FAO yield-to-salinity pro-
duction functions). Health damages were based on relating the diarrhea incidence
rates to the risk factors associated with the level of “water, sanitation and hygiene,”
as these factors are determined by the following transmission pathways:

a. Transmission through ingestion of water

b. Transmission caused by lack of water linked to inadequate personal hygiene

c. Transmission caused by poor personal, domestic, or agricultural hygiene

d. Transmission through contact (through bathing or wading) in water containing
organisms such as Schistosoma

e. Toa certain extent, transmission through vectors proliferating in water reservoirs
or other stagnant water or certain agricultural practices

f. Transmission through contaminated aerosols from poorly managed water sys-
tems.

Thereof; six exposure scenarios were considered. Each is associated with a combina-
tion of different levels of water supply, sanitation, and hygiene. Thus, each scenario
reflects a different fecal-oral pathogen exposure. Populations were grouped according
to their level of water and sanitation access, and each group was attributed a differ-
ent relative risk (obtained from the literature) of contacting the disease. Hence, the
total respective incidence rates of diarrhea were estimated.
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m /ncome losses from the use of polluted water (for example, crop/
fishery/livestock production losses due to salinity and toxicity), as
well as well-being losses, for example, from water-related diseases,
food chain contamination, and occupational health impacts.

m  Cost of avoiding the use of polluted water such as (I) added cost
of pumping groundwater when surface drainage water was too
polluted to be reused and (2) forgone benefits when (a) farmers
unofficially reused highly saline water from secondary drains, and
(b) official reuse from main drains was halted because of pollution
by untreated sewage. The study included the additional costs of the
erected hydraulic, mechanical, and electrical facilities that became
idle due to the halting of a number of drainage reuse schemes.

Results of the Study

The study estimated the total cost of forgone benefits as approximately
LE 5.35 billion in 2003, or 1.8 percent of GDP (World Bank 2005,
figure 7). In 2014, factoring in population growth and if no additional ac-
tions are taken, the forgone benefits will reach as high as LE 9.5 billion/yr
or 3.2 percent of national GDP. On average, from 2003-14, the costs
of inaction would average 7.4 billion LE/year (undiscounted).

On the other hand, if taken, the intervention corresponding to
the National Plan for the Protection of the Water Resources of Egypt
(Central Action) would cost approximately | billion LE/year. However,
in 2014 the plan would reduce the damages to only 6.7 billion LE/yr,
or a decrease of 30 percent.

An alternative intervention corresponding to the national plan
but adapted to include community-driven-and-financed, low-cost/
unconventional remedies for rural areas (central plus decentralized
actions, including improved hygiene) could be carried out for a total
cost of 2.0-2.5 billion LE /yr. Using this option, in 2014 the value of the
damages avoided would be reduced by an additional LE 2.5 billion/yr,
or by a total of LE 5.3 billion/year (9.5-6.7+2.5) billion.

The above results suggest that the best option is the latter. It would
comprise government central/sectoral plans for the urban/district areas
augmented by community-driven-and-financed unconventional plans
for controlling rural water pollution.
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Applications of Latest Technologies
and Hydrological Models in
Water Resource Management

and Planning in MNA Region
Bekele Debele Negewo, Julia Bucknall, and
Ahmed Shawky Mohamed

Water Resource Management (WRM): A New Approach
for Monitoring Water Use

The Introduction to this volume suggests that the management of
water resources in the Middle East and North Africa (MNA) region
is likely to become far more challenging in the rest of this century
because of increased variability in rainfall and increased demands on
the resource from rapidly growing populations. These new challenges
require investing much greater effort in monitoring the use of water
by various sectors of the economy than in the past—particularly on
whether this resource is being put to its most beneficial use. For ex-
ample, consumptive use through irrigation could have a sizeable non-
beneficial component if either water from open canals and reservoirs
is lost through evaporation, or profitable plants (such as bananas) use
up considerably more water through transpiration than other less
water-intensive plants. Under these circumstances, evapotranspiration
(ET) rates become a key benchmark of efficient water use. Similarly,
concerning nonconsumptive water use, despite increased urbanization,
with the appropriate investments in treatment, a growing proportion
of wastewater is recoverable for beneficial use.

This chapter suggests the need to develop new approaches that
comprehensively monitor the water balance as a means of managing
variations in water supply as well as demand. Such an approach basically
improves understanding of the sources and sinks of water by collecting
better quality datasets and by employing state-of-the art models to
advise water regulators, policymakers, and communities on the state
of a country’s water resources at a given point in time.
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Applications of New Technologies to Collect and Process
Water-Related Data

An understanding of the availability and quality of water resources
as well as current and future uses of these resources is necessary for
sound water decisionmaking. Furthermore, clear, undisputed informa-
tion on water availability and consumption is a critical component of
improving governance and accountability in the sector.

Nevertheless, developing and disseminating good information on
water remains a challenge in MNA for a number of reasons. First,
data collection and analysis are costly. Second, countries lack data
management systems. T hird, neither definitions nor data management
is standard across countries. Fourth, communities and policymakers
(outside the narrow group of WRM specialists) are still not fully aware
of the benefits of investing in reliable data on water usage.

On the supply side, technological developments are beginning to
enable scientists to combine traditional water data systems with models
and remote sensing (RS) information in ways that greatly reduce the
cost of collecting data and increase its accuracy. T hese advances include
a combination of the use of geographic information systems (GIS),
RS, data assimilation, and modeling techniques. Figure 5.1 provides a
detailed illustration of (1) how the latest technologies help collate both
dynamic and static characteristics of the land, vegetation, and climate;
and (2) how to combine these datasets with the latest hydrological
modeling capabilities to produce outputs that facilitate making critical

water resources decisions in wa-

Figure 5.1 Latest Technologies in Water Resources

Data Collection, Assimilation, and Modeling to Improve
Decisionmaking
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variables that directly or indirectly dictate the movement and availability
of water resources in a basin to the extent that can be done today.
This array of variables includes topography and land use/land cover at
as low as 30m resolution; and soils, soil moisture content, and climate
data at sub-km resolution. Thanks to advances in computer capacity
and GIS technology, resource managers can better mimic the reality
on the ground. Today, if one has the primary data and model structure
at any spatial scale, computer capacity and GIS technology support
the analyses to provide water resource managers and decisionmakers
with the decision tools needed at the scale of interest.

Advances in GIS technology become especially important when
dealing with complex river basins whose climate, soils, and land use/
land cover distributions vary significantly with space. GIS technology
is equally important in addressing a basin being used and managed by
multiple actors. In this case, to facilitate optimal joint resources man-
agement and development decisions, one needs to spatially identify
the sources and sinks of water and associated pollutants. GIS tools
will help identify hotspots within a given basin whose WRM needs to
be the focus, and for which the
maximum dividend is expected Figure 5.2 Sample Applications of GIS (ArcVIEW)

from implementation of some in SWAT Model Use

best management practices. r"{?";" ““mhmIlr:'u':r:::“"”"ﬂ“' AVSWAT
Figure 5.2 depicts a sample ap- SHALDus
plication of GIS in organizing and ,,;% m

assimilating physiographic data ] [t et e

(topography, land use/land cover,
soils) and climate data (precipita-

tion, temperature, wind) for use = |
in one of the complex hydro- ejsi kv ~r.=uu|_-r_r__’ - ) ﬁ ,Af'r
logical models (Soil and Water - ..[.:::;—IJ}!LL
Assessment Tool, or SWAT) in ;EE?GT" " ArcView M
WRM.

Source: DiLuzio and others 2002.
Note: SWAT is a complex hydrological model designed to assess the impacts of land
ogy are eXtreme]y diverse: from  management on water resources.

Applications of GIS technol-

epidemiology (monitoring disease

outbreaks) to analyzing the vulnerability of water resources to point
or nonpoint source pollution. In water resource management, GIS
facilitates the manipulation of spatial data that otherwise are difficult
(if not impossible) to handle. The manipulation includes storing, que-
rying, displaying, integrating, and analyzing spatial water-related data
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in a complex basin. For example, using GIS, one can overlay the map
of land use/land cover with a soils map to generate a unique map of
hydrologic response unit (HRU), the smallest unit of water balance
computation in some hydrological models (figure 5.2). Similarly, GIS
is used to generate hydrographic maps from topographic maps (digital
elevation maps, or DEM) (figure 5.2). Such hydrographic maps docu-
ment stream networks in a given basin that drain water from one end
of a basin to the basin outlet. The same GIS can help to determine
stream orders, lengths, and slopes—all of which are critical factors in
the computation of hydrological variables such as runoff and soil ero-
sion. Finally, given its rich selection of colors and ability to designate
each item with a different color, GIS is an extremely helpful tool in
creating pleasing and easily accessible figures and tables.

Applications of Remote Sensing Technologies in WRM

Advances in RS technology in recent years have given water resource
managers and decisionmakers the ability to capture—from a distance—
the detailed characteristics of physiographic and natural resources
(surface and groundwater, vegetation, soils, topography) and climate
variables (temperature, precipitation, solar radiation). For example, the
technology of remote sensing is such that one can now measure the
amount of precipitable moisture in the atmosphere, air temperature,
evaporation and transpiration (ET), soil, moisture content, and aqui-
fer storage of the soil, without putting a sensor close to the objects of
measurement. Table 5.1 depicts a partial list of variables that can be
measured/estimated by remote sensing.

In WRM, given the need to capture the variability of resources
distribution across space and time, RS technology also should offer
such capability. Whereas some state variables can be assumed to be
stable over a certain period (topography, geology, soil texture), others
change very frequently (weather conditions, vegetation growth, soil
moisture) By the same token, some variables can be assumed to be
stable over a given swath of area (air temperature') whereas others
are not (soil properties, elevation, precipitation).

! Air temperature can be assumed stable over a good-sized field unless the field
has a sharp rise in elevation over a short distance, in which case the elevation lapse
rate comes into play.



both spatially and temporally. Therefore, it is imperative to select the
most appropriate remote sensing technique (and data) to address a given
water resource issue. For example, a satellite that provides observations
every week may not be appropriate to study water resources issues on
a daily basis. Similarly, a RS technique that provides observations at
100-km pixel would not be appropriate to analyze the water resources

Applications of Latest Technologies and Hydrological Models

In general, however, most state variables in water resources vary

issue at plot-scale level, that is, a 10-km by 10-km area.

names) in measuring/estimating water-related variables. Common links
to water-resource-related datasets also are provided in appendix A5.1.

Table 5.1 also provides the spatial scope of a suite of satellite (mission

Table 5.1 Summary of Spatial Data Availability from Remote Sensing
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No. Data type

1 Rainfall

2 Skin soil moisture

3 Root zone soil moisture

4 Air temperature

5 Solar radiation

6 Leaf Area Index

7 Biomass production

8 Snow cover and snow accumulation

9 Land use/land cover

10 (rop types, surface albedo, vegetation fraction

11 Crop yield

Secondary spatial data

12 Air humidity

13 Wind speed and direction

14 Water depletion by land cover

15 Water productivity

16 Stream flow and water quality

17 Groundwater recharge/abstraction; terrestrial
water storage

18 Irrigation water demand, irrigation intensity,
and irrigation efficiency

19 (arbon sequestration

20 Topography, geology

21 ET (based on, e.g., SEBAL and METRIC

approaches)

Spatial scale

3t025km
25km
30mto 1km
1km

1 km
30mto 1km
30mto Tkm
30mto 1km
30mto 1km
30m

30m

1km
1 km
1km
30m
1km
30mto1km

30mto 1km

30mto 1km
30 m to 250 km

30mto 1km

Satellite name/mission name

TRMM (25km); GOES; NEXRAD; METEOSAT; IRS; ESA

AMSR-E

Nimbus SSM/I (25km);
AVHRR

AVHRR

MODIS; LANDSAT
LANDSAT; MODIS
GOES

MODIS; LANDSAT
MODIS; SPOT-4
MODIS; LANDSAT

NASA'S UARS
LIDAR

MODIS

MODIS

LANDSAT; MODIS
GRACE

MODIS; LANDSAT

MODIS
ASTER; RADARSAT
MODIS (30 m to 1 km); LANDSAT




84 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

Figure 5.3 Availability of Remote Sensing Data at Various
Spatial and Temporal Coverage

§
:

Source: Droogers 2006.

Figure 5.3 depicts the availability
of various RS data sources at dif-
ferent spatial resolutions and sea-
sonal coverage (percent). Figure
5.3 provides a menu of options for
water-related data sources to be
used under a range of data needs
(small plot scale, river basin scale,
national scale).

Sample applications of RS

Remote sensing has been utilized
for different purposes, from
monitoring deforestation and
predicting the effects of climate

change on glaciers in the Arctic and Antarctic to estimating the amount
of water in the clouds. Some use RS to capture distributions of climate
variables such as thunder storms, hurricanes, and floods in real time.
Others use RS for early warning—including for flood and drought.
Still others also use RS to monitor changes in land use/land cover and

soil moisture content. Some also use RS to estimate the amount of

water lost to ET.

Figures 5.4 and 5.5 depict sample applications of RS technology in
WRM. In both figures, RS is used to gather relevant data to estimate

Figure 5.4 Where Is Water Not Used Productively?
Data from Sacramento, CA

Source: Bastiaanssen 2007.
Note: Legend depicts a water productivity range of 50%—175% of the average water
productivity in the Sacramento Valley, implying a wider range of water productivity.

water productivity in irrigated
agriculture to guide WRM deci-
sions. In figure 5.4, RS was used
to analyze the productivity of
water to spatially evaluate where
water was being productively
used. Such information can be
used to make decisions to real-
locate water among different
users, leading to improved total
water productivity. In contrast,
in figure 5.5, RS was used to
estimate the amount (liters) of
water used to produce a liter
of wine. As can be seen from
both figures, water productivity
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is not uniform across the Sacra-  Figure 5.5 Water Productivity in Sacramento, CA:
Liters of Water Needed to Produce 1 Liter of Wine

i " = I k

mento Valley. Figure 5.5 clearly
shows that farmers in the north-

ern parts of the valley use more
water to produce the same
amount of wine than do their
southern counterparts. Such
data are very important for
WRM’ partlcularly n mak}ng Source: Bastiaanssen 2007.

CleCISIOﬂS on water allocatlon Note: Legend depicts the amount (liters) of water needed to produce one liter of wine
and pricing across the Sacramento Valley.

RS also can be used to aug-

ment available data and to fill Figure 5.6 Agricultural Lands Served by “Mazzak” Canal in
data gaps, including in areas in Wasit Governorate before and after Project Implementation

which collecting data through _ fOTGTE(FYOG) _ After rehab (FY07)

traditional means is constrained.
For example, since 2003, the
World Bank has been using RS
techniques to supervise the im-
plementation of Bank-supported
irrigation projects in Iraq, in
which ground accessibility has

- H

been limited for security reasons Eha S i i
Source: World Bank 2006.
Note: The red rectangles on the “After” map show areas that were put under cultivation

ﬁgure 5.6, differences between after rehabilitation of the canal systems,

(figure 5.6). As can be seen from

areas served by the Wazzak Ca-

nal before and after the canal rehabilitation are notable. In contrast,
incremental productivity (project outcomes) has been validated through
low-resolution satellite images. The impact evaluation for the incremen-
tal outcomes can be performed through either of two approaches:

1. Comparing the before-project and the after-project cases (thus
comparing over time, which was the approach followed in Irag
(figure 5.6)

2. Comparing the without-project and the with-project cases (thus
comparing in space, that is, comparing with an adjacent command
area outside the project’s command borders).

The Bank is assisting several MNA governments to obtain more
accurate and up-to-date water-related RS data in the water-stressed
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areas (Egypt, Gaza, Morocco, West Bank, and Yemen). As a result
of coordination among the Arab Water Council, NASA, USAID, and
the World Bank, a new regional initiative is being launched to help
MNA make better WRM decisions and share comparable data across
member countries. Such coordination envisages developing a set of
tools that, taking advantage of the latest technologies, will provide
regular, accurate, and standardized information on the availability and
consumption of water resources in the Arab world.

Cautionary note: The latest RS technologies have enabled water
resources decisionmakers to use easily accessible information to make
better decisions. Nonetheless, to ensure a reality check, it is very
important to calibrate the data collected through RS techniques against
those collected on the ground. RS technology changes rapidly. To keep
up with such rapid advances, one needs to continually compare the
quality of data derived from each generation of techniques with those
obtained on the ground.

Moreover, satellites lack the ability to take measurements over
small footprints (smaller spatial resolution). Similarly, satellites cur-
rently are unable to have “active” systems that can penetrate the soil
below a certain depth. For now, the final word is that, in the foresee-
able future, RS will not replace ground measurements. However, RS
measurements can provide important augmentations to other data to
improve the quality and spatial coverage of existing data.

Data-sharing also is cost-sharing and obtaining better data. In many
MNA countries, multiple agencies collect similar data, often not knowing
that the other agencies are collecting the same data. Moreover, when
one agency/country wants to do an assessment, it often starts from
the beginning without first talking to the other agencies/countries to
find out what data they already have. The amount of wasted resources
expended in this way cannot be underestimated. Agencies should instead
first identify what already has been done, then document and improve
upon the data already present. To this end, data-sharing among agen-
cies and/or countries is a prerequisite.

Applications of Hydrological Models in WRM

Need for Hydrology

For any realistic implementation of WRM at a basin scale, a better
and fuller understanding of the hydrology of the basin is crucial. For
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example, the quantity and quality of runoff measured at a basin/sub-
basin outlet are a collective signal of the characteristics of the whole
basin/sub-basin, in the same way that pathological tests can tell much
about the well-being of a person. Therefore, WRM requires a good
hydrology dataset to provide an accurate basis for water accounting.

Hydrological Models

In parallel with the advances in GIS and RS, there have been many
improvements in the understanding of the physical processes and
interrelationships between climate-soils and ecosystem response.
A large number of mathematical equations have been developed to
mimic the understanding of these interrelationships—from simple
black-box empirical models to more sophisticated, physically based
and distributed parameter models. As a result, the number of hydro-
logical models today is so large that many users spend a great deal
of time selecting the most appropriate model for the problem(s) at
hand. The fundamental principle of any hydrological model emanates
from closing the mass, energy, and momentum balances. All hydrologi-
cal models should respect at least one fundamental principle: a mass
balance signifying continuity.

Equation 1 (Eq. 1) provides the general continuity equation of hy-
drological balance, which dictates that the summation of all inflows

® Inflow,

=1

minus the summation of all outflows

L

Outflow,

=l
over a period of time (t) should equal the change in storage (A Storage)
over the same period of time (t).

Inflow, - Outﬂow/ = (Storage)t (Eq. 1)

J=l

L

i=

t

where m and n are the different categories of outputs (extracts) from
the system and inputs (additions) to the system, respectively. For most
common hydrological models, Eq. 1 is rewritten by expanding the water
balance components (figure 5.7) as in Eq. 2 below.
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Figure 5.7 Major Components of the Hydrological Balance

PCP~(ET +Runoff +R,, )= S (Eq. 2)

where PCP = total precipitation (snowfall + rainfall); ET = amount of
water lost to evapotranspiration; Runoff = total net water amount that
leaves the system as surface and subsurface runoff (this is a net figure
after subtracting inflow to the system from adjacent basins—runon,

return flows, and inter-basin transfer); R, = is the net water amount

dee
lost to deep aquifer (this is a net figure aff’)cer subtracting extractions
from deep aquifer); and AS is the change in water storage of the system
over a given period of time—the same period over which total inflow
and outflow are computed.

Equation 2 above could equally be subdivided into water consump-
tive uses and losses as described in the Introduction (figure 1.1). For
example, the ET in Eq. (2) could be subdivided into beneficial and
nonbeneficial ET based on where in the basin the water is lost to ET.
Runoff from the system could be subdivided into recoverable fraction
and nonrecoverable fraction based on where the water that is lost to
runoff is destined. In a similar way, the amount of water that is per-
colating to deep aquifer and stored in the upper soil horizon could be
subdivided into recoverable and
nonrecoverable components

based on their accessibility for
further use. In this case, whereas
it is feasible to further divide the
water balance components into

Raflectad and

consumable/nonconsumable
and recoverable/nonrecoverable
for water accounting purposes,

bdvwaedboen

Hao i

keeping Eq. (2) above intact is
still very important, especially
for hydrological analysis in the
upland watershed.

Source: Toll 2008.

Similarly, for the energy
balance, the summation of all
incoming energies

o £

incomingi

[=!

minus the summation of all outgoing energies
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-
o F

incomin gi
=l

must equal the change in the amount of energy stored

( E Stored )

within the system (Eq. 3).

¢ Einco mingi - EOutgoingj = (EStored )t (Eq : 3)

i=l j=l .

where rand s are the different incoming and outgoing energy categories,
respectively. More complex and physically based models account for
more than one physical principle (for instance, mass and momentum,
mass and energy, or a combination of all balances).

Another very important issue to consider when dealing with hydro-
logical models is the spatial scale to be incorporated in the model and
how much physical detail should be included. Figure 5.8 illustrates the
negative correlation between the physical detail of the model applied
and the spatial scale of application. Figure 5.8 also depicts the position
of some commonly used hydrological models in this continuum.

Application of Hydrological Figure 5.8 Most Commonly Used Hydrological Models and

. . . Their Suitability in Both Physical and Spatial Scal
Modeling and Its Classification erourairy™n Jomh hySica ancopama >ae

Hydrological models commonly Continent SLURP/DHS
A . VM/DL BRM
are categorized based on their /SWAT/HSPF
. . . @ Basil (_/-—
physical detail (physically based g . MIKE SHE
models, empirical models), spa- & bt
. P . ) p & System //IQQM
tial coverage (spatially distrib- //SWAP
uted models, lumped parameter e Vet
models), and temporal coverage N o
(event-based models, continuous Physical detail

time models). Hydro]ogical mod-  Source: Debele 2008 modified from Droogers 2006.

els also can be grouped based on

their uses, such as for water quantity and/or quality assessment, water
allocation among different users (riparian countries, sectors), evaluation
of policy impacts on water resources, or payment for environmental
services or assessment of climate change impacts. Whereas some
models are multipurpose in their applications, others are developed
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to tackle specific water-related problems. The following are the main
reasons that most people use hydrological models.

Models are economically more feasible than monitoring (M&E).

Once a model is calibrated against available data and the state of the
system as a whole, and the causal relationship is established, the model
can be used as a tool to monitor the implications of changes in inputs or
outputs, instead of collecting primary input and output data at every
time interval. These models provide additional benefits, such as running
scenario analyses to guide decisionmaking in WRM. Scenario analysis
could be done without having access to observed input data. This is
a very powerful advantage of models: they help not only to monitor but
also to guide any future decisions.

With the help of the latest technologies in RS and GIS to collect
and process/assimilate data, models also could be used for monitoring
and evaluation (M&E) of water projects. As indicated in the previous
section, the Bank’s use of RS data to (I) monitor project implementa-
tion progress in Iraq and (2) estimate water productivity using a com-
bination of hydrological model and RS tools are good examples of how
models can be used as an M&E tool. For example, in the case of water
productivity monitoring in the Sacramento Valley, a hydrological model
(in combination with SEBAL?) was used to determine crop water con-
sumption. Alternatively, a METRIC3 approach could equally be used to
determine the amount of water consumed by crops. Hydrological models
have also been successfully used to monitor and evaluate the impacts
of best management practices on in-situ soil and water conservation,
and management of groundwater recharge and diffuse pollution.

Models advance scientific understanding in water resources and help
identify knowledge gaps.

Some models also are tools to further understand the linkages among
different variables and how each factor dictates overall water movement
in and above the soil surface. Models that come under this category
include the physically based and spatially distributed models that simu-
late the interrelationships among soils, climate, and vegetation response
in the ecosystem. Models under this category usually are developed

2 SEBAL stands for Surface Energy Balance Algorithm of Land.
3> METRIC stands for Mapping Evapo-Transpiration with High Resolution and
Internalized Calibration.
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from mathematical equations that fulfill the continuity, momentum,
and energy balances in all relevant dimensions. Such models are used
primarily to deepen one’s understanding of the processes involved in
water resources movement and storage. All other models are derived
from models under this category by simplifying one or another param-
eter, or combining a few parameters.

Models enable good decisionmaking and guide policy options.

Models are tools best suited for guiding decisionmaking at various
levels. This function ranges from identifying what datasets to collect
for what sets of decisions to make to achieve certain goals in an inte-
grated water resource management (IWRM) setup. Similarly, models
are used to guide the selection of policy choices in the water sector.
For example, one can employ a combined hydrological and economic
model to assess the implications of various water allocation measures/
policies on different sectors that are competing for shares of the same
water. In a similar fashion, one can use hydrological models (especially
those that are physically based and spatially distributed) to assess the
implications of different best management practices on improving in-
situ soil moisture and groundwater recharge, and reducing nonpoint
source pollution. Such an exercise can be done either before project
implementation to see the implications of various “IF” scenarios, or
after project implementation to monitor and evaluate the impacts of
such interventions on the end results.

Inan IWRM setting, models are useful to identify the optimum ob-
jectives that take into account the social, economic, and environmental
issues in a given basin, including interests of its upstream and down-
stream riparian users. For example, many models have been developed
to identify the optimum number and locations of water projects and
compensation mechanisms (payment for environmental services, or
PES). One very good (win/win) example of models’ applications in PES
is the New York City (NYC) water supply. The NYC Department of
Environmental Protection (DEP) uses hydrological models to identify
areas that are hotspots in the watershed to bargain (to support onsite
land management and/or provide cash for easements) with farmers
who own the lands to implement best management practices that will
reduce diffuse pollution. In this way, the city benefits by preserving
the pristine water quality of NYC (instead of spending billions of dol-
lars to treat its water supply to the EPA standards, as required by the
US government). The farmers also benefit by obtaining funds (PES)
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from NYC to protect their lands, and hence protect the NYC water
supply watersheds.

Another equally important but less known application of such
models is in the implementation of the PES initiative in Costa Rica. The
purpose is to reduce deforestation to (a) sequester carbon dioxide and
(b) improve the water quality of groundwater for mineral water pro-
duction industries. The authorities used hydrological models to identify
areas in the watersheds in which groundwater recharge is significant
and pay farmers accordingly for the environmental services that their
lands provide. This initiative is very successful in reducing the rate of
both deforestation and groundwater contamination.

As indicated earlier, the latest advances in GIS and RS technolo-
gies have improved the application of hydrological models to assess the
implications of different water projects on overall water resources avail-
ability. For example, the World Bank has supported the government of
Tunisia in its assessment of the implications of water-saving investments
in Tunisian agriculture (World Bank 2008). Over the last decade, the
Tunisian government has been implementing modern irrigation schemes,
including sprinkler and drip irrigation, to better manage its agricultural
water resources. The study used remotely sensed data to determine
the water balance in its irrigated areas. It disaggregated the water bal-
ance into its components (precipitation, ET, soil storage, and runoft)
and was able to evaluate the impacts of water-saving investments on
the country’s overall water resources availability.

The study concluded that although implementation of water-
saving investments is very important, equally essential is the need to
properly manage the saved water. For example, investing in modern
irrigation schemes may reduce the amount of water that is applied to
a given farm land. However, if one decides to use the saved water to
increase irrigation intensity and/or horizontally expand the area of
irrigated land, in the end, the amount of water saved at a basin scale
might be none or even become negative (more water withdrawn than
previously under traditional irrigation schemes). Therefore, one needs
to approach water resource management from a comprehensive water
balance perspective and at a basin scale.

To date, in the Arab region, regional integration and inter-regional
collaboration on development and management of shared resources
have been weak. For this reason, a combination of objective water-
related data and decision-aiding hydrological models would be very
useful in the use and management of their shared water resources.
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Moreover, even at a country/basin level, optimal allocation of limited
water among various competing needs/sectors can be addressed using
a combination of hydrological and economic/social models.

Conclusions

This chapter discusses the use of the latest technologies, such as GIS,
RS, and hydrological models, in the WRM of the MNA Region. It
highlights the applications of such technologies to capture, store, and
process most datasets needed for making water resources decisions. The
chapter also explores the many types of hydrological models available
and their very useful and flexible applications to guide decisionmaking
and balance the demands of different uses.
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Applications of Latest Technologies and Hydrological Models

Appendix A5.1 URLs for Water-Resources-Related Datasets

m Real-time Heavy Rain Maps (updated every 3 hours)
http://trmm.gsfc.nasa.gov

m Hydrology for the Environment, Life and Policy
http://www.unesco.org/water/ihp/help

m Regional Visualization and Monitoring System (“SERVIR”)
http://servir.msfc.nasa.gov/

m  Global Hazard System (Floods) Quasi-global Runoff Model
Running in Real-Time
http://trmm.gsfc.nasa.gov/publications_dir/potential_flood_
hydro.html

m  Stream flow Monitoring and the Dartmouth Flood Observatory
http://www.dartmouth.edu/~floods/

m  Remote Sensing Application In Irrigation
http://www.sage.wisc.edu

m ET Estimation
http://www kimberly.uidaho.edu/ref-et/
http://www.cimis.water.ca.gov
http://www.sebal.nl/

m  Real-time Precipitation Forecast and Other Remote Sensing
Products
http://chrs.web.uci.edu/
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Water Resource Assessment in
the Arab World: New Analytical

Tools for New Challenges
Christopher J. Perry and Julia Bucknall

his chapter examines how, over millennia, societies in Arab

countries developed arrangements for water management that

reflected the region’s conditions of extreme water scarcity. It
notes that these traditional arrangements have been undermined by
growing imbalances between demand and supply, exacerbated by new
technologies that disturb stable traditional systems. The first step toward
putting replacement arrangements in place, especially as climate change
exacerbates the imbalances, is to build a shared understanding of the
hydrology of the system in which one is working.! This chapter shows
the role of hydrological information as a basic element of establishing
sustainable water management. The chapter concludes by showing
how remote sensing (RS) applications can contribute to knowledge
of the status and trends in hydrological data.

With very limited exceptions, the Arab countries are water short,
and supplies are highly variable from year to year.? Definitions of water
availability are not always consistent, which can lead to confusion when
different source materials are quoted. However, UNESCO (2002) used
the FAO-AQUASTAT database and FAOSTAT population data to rank
180 countries on the basis of water availability. Of the Arab countries,
only Sudan ranked above the bottom quartile. The majority of Arab
countries—including Bahrain, Gaza, Jordan, Kuwait, Libya, Oman, Qatar,
Saudi Arabia, Tunisia, UAE, and Yemen—were in the bottom 10 percent.
Even within this select group of water-short countries, the disparities
in endowment were enormous. The most water plentiful of this group,

'"Throughout this chapter, “hydrology” is used to include both surface and ground-
water.

2 Based on a background paper prepared by the authors for the Arab Water Council
for the Fifth World Water Forum, Istanbul, 2009.
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Tunisia, has less than 25 percent of the availability of Sudan. The least
plentiful, Kuwait, has less than 0.5 percent of the availability of Sudan.

The basic human needs for drinking and sanitation are rather small.
Gleick (1996) researched actual water use in various scenarios and
climates and estimated the following ranges of water needs (in liters
per capita per day):

Table 6.1 Ranges of Human Domestic Water Needs (1/cp/day)

Drinking water 2-5
Sanitation 0-75
Bathing 5-70
Cooking/kitchen 10-50
Average total 50 (= 18 m*/year)

Thus, | m® of water supplies the various needs of | individual for
20 days, or the absolutely fundamental need for drinking water for as
much as | year.

According to these data, only Kuwait (10 m3/cap/year) has less
than the total human requirement. In striking contrast, Yemen—widely
identified as one of the most seriously water-short countries in the
world—is endowed with more than 200 m3/cap/year. (Of course, the
timing and location of supply may be quite different from the timing
and location of demand.)

The problem, the competition, and the scarcity arise when irrigated
agriculture is significant: the same | m?® of water that provides drinking
water for | person for | year produces only | kg of food grain when
used for irrigation in a dry climate. Thus, Singapore, with less water
per capita than Yemen, is not considered water scarce because the
water is used almost exclusively for residential and industrial needs.
In contrast, the demand for water for irrigated agriculture in Yemen
creates a situation of extreme scarcity.

In the Arab world, irrigated agriculture is the dominant user of
water and is thus the primary topic of this chapter. Scarcity of water
in the Arab countries is not a new phenomenon—although population
growth and economic development exacerbate the scarcity. Therefore,
it is useful to examine how the problem has been dealt with during
millennia of experience in the Arab world.

Historically, countries (at the national, local and individual levels)
have developed indigenous approaches to cope with water scarcity.
Four examples with several millennia of experience are:
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I Inundation canals in Egypt diverted the Nile’s annual floods
onto farmers’ lands via below-grade channels, from which
the farmers, usually operating in groups, would pump water
by animal-powered sakias.?

2. Spate irrigation systems have been significant in a number of Arab
countries since the early 1990s (table 6.2). They account for ap-
proximately 20 percent of the irrigated area in Algeria and Yemen.
These systems consist of dams—often temporary—that divert
water from fast-flowing ephemeral streams onto farmers’ fields
after heavy rain.

Table 6.2 Spate Irrigation in Arab Countries, 1989-1995

Country Data (yr) Spate irrigation (ha) Total irrigation (ha) Spate (%)
Algeria 1992 110,000 555,500 19.8
Morocco 1989 165,000 1,258,200 13.1
Sudan 1995 46,200 1,946,200 24
Tunisia 1991 30,000 385,000 7.8
Yemen Rep. 1994 98,320 481,520 20.4

3. Qanats (also variously known as kareez, foggara, aflaj) are found in
many Arab countries, probably after originating in Iran. Certainly,
in the early part of the last millennium, the Moors took the tech-
nology to Spain (where some are still functioning). The Spanish,
in turn, took the technology to Mexico, and ganats are now found
in Peru and Chile as well. A

qanat consists of a tunnel Figure 6.1 Cross-Section of a Qanat
that starts at ground level in

foothills and is cut into the
hill, sloping upward at a lesser
angle than the ground so that
the tunnel becomes progres- bedrock
sively deeper, eventually

intersecting the water table
in the hillside (Figure 61) ) Source: Livius.Org, with permission

Qanats are essentially man-

made springs that provide a route for infiltration from higher areas
to flow out at a single point. The vertical shafts allow access during

3 Sakia is also known as the “Persian wheel.” It is an effective technology for lifting
water from canals with animal or mechanical power to irrigate farmlands.
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construction. Some ganats are kilometers long. One example in
Jordan exceeds 90km.

4. Shallow wells are found everywhere that the groundwater table
is relatively near the surface. Historically, wells had to be shallow
due to the limits of suction lift pumps (approximately 10 meters).

These are four quite different technical approaches to enhance local
water availability: exploitation by inundation of the regular heavy Nile
River floods; diversion of irregular flash-foods in wadis; exploitation
of infiltration into hillsides; and exploitation of shallow water tables.
Nevertheless, they have a number of important similarities that offer
important insights into how scarce water has been managed success-
fully, productively, and sustainably by irrigators in the Arab world.

Each approach exploits natural flows. Each approach, therefore, is
limited by actual rainfall and the resulting runoff. These restrictions, in
turn, mean that over-exploitation is not possible (unless shallow wells
are over 10 meters in depth).

Experience over the years has given water users a clear idea of
how much water to expect—on average—in a wet year and in a dry
year. This knowledge has provided the basis for them to decide how
the water should be allocated. Where farmers had collectively built
the infrastructure (as in the case of ganats and spate systems, and
sometimes in the case of wells), the beneficiary group was already
clear. However, contributions might not have been equal. Differences
in cropping patterns might require nonuniform allocation of water, or
priority to domestic or livestock use. In Egypt, for example, by the time
that flood irrigation had evolved millennia ago, the scale of the system
was already such that there were at least two levels of management:
one for the major diversion structures and one for the local distribution
of water among users at the sakia.

For qanats, Mehraby (undated) describes the distribution process
as follows:

“Since ancient times, there have been laws as to how to distribute
water fairly among various small and large villages on the kariz routes
to prevent any disagreements resulting in consequent disorder, clashes

or disturbance.

“The distribution of the water of a kariz route is based on time as

determined by the users through their representatives. If the flow of
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akariz is considerably high and the users of the water are numerous,

the distribution of the water has to be under a trustworthy official

known as mirab who is chosen by the joint users or the government

and is paid a certain salary.”

Mehraby’s brief summary delineates three elements:

. The principles for allocation of the water among users have been

agreed.

2. There are rules implementing the allocation (“based on time”).

3. A management structure to oversee the operation may be

necessary.

The nature of the rules and
how they are implemented will
vary among these different tech-
nologies. In Yemeni spate sys-
tems, for example, it is reported
that the farmer is entitled to take
water until the depth reaches his
knee. The signal that the next
irrigator should divert the water
to his field is for the first farmer
to fire a gun into the air.* While
this may seem crude, it ideally
suits the need in a spate system
to share a very uncertain quan-
tity on the basis of simple rules
and quick communication. The
outcome is an apparently rather
uniform distribution of water
among users in a wadi (figure

6.2).

Figure 6.2 Spate System in Yemen

Photo: Gerhardt Lichtenthaeler.

The infrastructure of all of these systems provides the capacity

to deliver the service that the other elements—how much water is

available, priorities for sharing, rules, and management arrangements—

combine to define. In addition to the channel or diversion structures

that deliver the water, the infrastructure also may comprise facilities

4 Charles Abernethy, personal communication.



102 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

Flgure6 3 Water-Dmdmg Structure ina Foggara Algerla to assist in allocation. Figure 6.3
"—-“'l i.. =

shows a water-dividing structure
in a foggara in Algeria.

: ? Abdullah Al-Ghafriand oth-

| ers (undated) describe various

a timing devices, ranging from

pots with holes in the bottom

' ] that provide a measure of time

rl while slowly sinking, to complex,
seasonally adjusted sundials.

These techniques are de-
Photo: Gerhardt Lichtenthaeler signed to enable water shares,
first divided among user groups
by structures such as shown in

figure 6.3, and then subdivided by time among individual farmers.
This brief review of the successful and sustainable local approaches
that have developed in the Middle East to deal with water scarcity sup-
ports some significant, generalizable conclusions. These are described

in the Introduction to this volume as the ABCDE approach.®

Current Challenges

Thus, we know the ingredients of sustainable and productive water
resource management. Moreover, the Arab countries have developed
successful approaches that have been exported to, and implemented
in, Europe and South America. We can assume that farmers receiving
scarce but well-defined water supplies will use these as productively
as circumstances such as market opportunities and input availability
permit. Overall production may be lower because water availability
will be lower, but the expertise exists in the region to make the best
of whatever is available. So what is the problem?

The central problem is that variations in availability have surpassed
the “typical” range to which “traditional” operations were adapted. Water
management systems are now out of tune with water availability pat-
terns, requiring changes in the associated processes to determine which

5 A = Assessment, B = Bargaining, C = Codification, D = Delegation, and E =
Engineering. Such features are identifiable worldwide in successful systems. For
example, see Trawick (2003) for a sociologist’s perspective, derived largely from
experience in the Andes, which reached similar—certainly compatible—conclusions;
and Frederiksen and Vissia (1998) for an engineering viewpoint.
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sectors or users will suffer and by how much. These changes require
the political bargaining process to be reopened, may change the rules
of operation, and require new or revised institutional responsibilities.
Infrastructure also may require modification.

Four important challenges to “traditional” water management
systems can be identified:

1. Unsustainable, “Individualized” Withdrawals

Over recent decades, for many countries, the most important develop-
ment has been the break of the “natural” link between the renewable
supply and the level of use. In the past, as noted, rainfall generated
runoff and infiltration supplied the traditional water systems. If rainfall
was low, availability was low, and utilization was low.

Then, in the 1970s, cheap pumps and tubewell technology arrived.
They enabled farmers to withdraw water from any source at much
higher rates than with animal power and to tap deep aquifers by us-
ing submersible pumps. Their advent has had three profound negative
consequences:

a. Specifically in the case of groundwater, users can and now do “mine”
aquifers. The logic of the “tragedy of the commons” provides an
incentive for the individual to derive benefits as extensively and
quickly as possible.

Aquifers are complex and difficult to observe—especially deep
aquifers. Recharge may be vertical from rainfall; or lateral, as
rainfall on surrounding hills moves down to the valleys and plains.
Geological structures can constrain or redirect recharge. Thus,
understanding how much water is actually available in total or on
a renewable basis is extremely difficult. In many areas, the assess-
ment of availability is partial and unreliable.

b. As water sources have become individually owned and operated,
the amount of water actually being abstracted has become difficult
to measure. Controlling such use is even more difficult. The indi-
vidual farmer who has invested in the pump or well feels entitled
to exploit it. Setting the rules (codification) and enforcing them
(delegation) is extremely difficult.®

¢ Indeed, to the authors’ knowledge, there are few if any examples of successful
control of dispersed groundwater exploitation anywhere in the world. There are,
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c. The effects of over-exploitation go beyond the direct users. Falling
water tables reduce flows to ganats. Excessive pumping from one
reach of a river or canal affects all other users. For example, it is
reported that the qanats serving palmeries around Marrakech dried
up in the 1970s so wells are now the main source of water.

2. Increased Variability and Reduction in Rainfall

Adding to this problem of unsustainable water use, IPCC projections
imply increased variability and reduced river flows in areas that rely
on surface storage in reservoirs. This situation already is a reality in
parts of the Arab region. For example, in Morocco, due to reduced
annual precipitation, dams constructed over the last three decades
have been able to store, on average, only approximately half of their
design capacity. As a consequence, farmers have become acutely aware
of the uncertain nature of their access to water. Irrigation agencies in
the command areas struggle to ration uncertain water supplies to the
politically important farmer constituency.

Variability has local and regional implications. For the individual
farmer, investing in the inputs for high-value crops is less attractive if
there is a possibility of water shortage affecting yields. At the regional
level, the relationship between rainfall and runoff'is not linear. Runoff
typically declines much more sharply than precipitation. Thus, variability
is concentrated in the downstream areas. Therefore, the foundation
for current allocation priorities, rules, institutional arrangements, and
infrastructure is in doubt.

3. Political Uncertainty of Cooperation with Upstream Riparians

The Arab countries are dependent for some two-thirds of their water
supplies on transboundary water. Egypt is the most extreme case,
with some 95 percent of its water coming from the Nile. Apart from
natural variability, investments in hydraulic infrastructure by upstream
riparians change water availability to downstream users. For example,
the Greater Anatolia Project affects water availability in Syria and Iraq.
The Israeli water utility affects the availability of water in Palestine and

however, many examples of uncontrolled depletion: much of India, Mexico, Paki-
stan, US, and Yemen. An ongoing collective effort in Andhra Pradesh, India shows
considerable early promise.
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Jordan. Dams constructed in Ethiopia and Sudan affect the calculus
of Egyptian water planners.

4. Deteriorating Water Quality

A fourth factor has been the political and economic pressure on
decisionmakers to focus more on water quality. An IWMI survey of
government irrigation officials in Egypt in 1995 produced the surpris-
ing result that many ranked pollution as the most important problem
facing the sector.

For example, in the congested rural settlements along the Nile
River Delta, residents and farmers have become an important lobby-
ing group. They have been demanding that municipal and agricultural
pollution be cleaned out of their canals and rivers. Among farmers,
exporters of high-value farm products have been concerned that the
marketability of their products is affected by water pollution.

Similarly, along the Mediterranean and Red Sea coasts, many
countries are benefiting from tourism to historic and seaside resorts.
However, development of other high potential areas—such as the
coastline of the Nile Delta—is constrained by beach contamination
from polluted Nile waters. Tour operators and resort owners are pow-
erful interest groups who have thus joined environmentalists and farm
exporters to lobby for enhanced water quality management.

A problem facing many countries in which groundwater is overused
is the deterioration in quality that occurs as water tables fall. Deterio-
ration is caused either from saline water that flows laterally into the
depleted zone (especially near coasts); or from the deeper layers of
water, which are more saline.

Understanding the Present: Traditional and New Data Sources

To recapitulate, climate change is likely to increase the imbalance be-
tween supply and demand for water in the Arab countries. However,
there is ample evidence that scarcity has been successfully managed in
the Arab world for centuries. The components required to manage scarcity
are information on resource availability; a bargaining process among the
users to determine how water should be allocated, resulting in rules and
responsibilities; and infrastructure to deliver the service. Although their
details vary, similar patterns have been common across many MNA
countries for centuries. However, traditional processes increasingly are

105



106 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

under threat from ever-growing demand and new technologies that
upset the “traditional” balance between availability and utilization.
Climate change is adding to the strain.

The process that will be induced by declining availability, more un-
certainty and variability, and declining quality will be multidisciplinary.
It will draw in hydrologists, engineers, economists, agriculturalists, law-
yers, and institutional specialists—just as the ABCDE process does.

Success will depend, among many factors, on (l) the ability of
the participants in the process to communicate as effectively and
unambiguously as possible across disciplines—that is, it will depend
on developing a common terminology—and (2) placing the analysis of
options in a basin context.

Terminology for Water Accounting

Before discussing how water management can adjust to reflect the
new context of declining availability and increased demand, we need
to clarify our terminology. Without agreement over the definitions of
concepts such as “efficiency” and “consumption,” it is not possible to
have a consistent view of what constitutes a successful water man-
agement policy.

Consider, for example, how a different viewpoint on the water
resource gives a different understanding of efficiency in water man-
agement:

For a water supply and sanitation engineer, one design objective
often is to recover, treat, and return to the hydrological system in
good condition as much as possible (perhaps 95 percent) of the water
withdrawn. A poorly functioning system would return a much smaller
percentage and with a heavy pollution load.

In contrast, for an irrigation engineer, the design objective is to
return as little as possible (perhaps 10 percent) of withdrawals to the
system, preferably including all of the salts that were in the original
abstraction.

Individual cases will vary, but a downstream environmental “wa-
ter user” might be puzzled to find that, when urban water efficiency
improves, s/he gets more and cleaner water. The same downstream
user would find that improvements in irrigation efficiency reduce water
availability and perhaps increase the salt load.

The source of this paradox is simple. Irrigation engineers have,
quite rationally, designed irrigation systems to maximize the amount
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of water that reaches the crop, and is then consumed in transpiration.
This is the purpose of an irrigation system, and understanding how
much water arrives at its destination is central to operational planning
and designing cropping patterns.

For irrigation, water allocations usually are defined in terms of
right to withdraw water (either as a volume per season; or a rate of
withdrawal, or an irrigation “turn”). A common irrigation performance
indicator is “how much area did we irrigate per unit of water with-
drawn.” Improving on this indicator (by lining canals, or using modern
irrigation technology) is a valid objective at the project level, or for
the individual irrigator with a well. Improvements often will lead to
substantial increases in the area irrigated (and hence consumption of
water by crops) for the same quantity withdrawn.

However, this “local” perspective is unhelpful, even misleading,
when water is scarce at the wider basin or aquifer scale. From this
perspective, the question of where the “losses” actually were going
is critical. Certainly, if the irrigated area is increased, transpiration is
greater and, to that extent, return flows will be reduced. Return flows
to rivers may contribute to downstream human, agricultural, or natu-
ral demands. Infiltration to aquifers from leaking canals or excessive
irrigation applications contributes to groundwater recharge. Thus, an
improvement as observed at one location may have a negative impact
elsewhere.

In response to this problem, the International Commission on
Irrigation and Drainage (ICID) recently published a review of the lit-
erature on irrigation efficiency (Perry 2007) and recommended terms
that were suitable for application in all water sectors. The draft was
for reviewed by all of ICID’s relevant national committees and work-
ing groups, and thereby represents a wide consensus. Other writers
and organizations have similar views. The American Society of Civil
Engineers (ASCE) is debating a change in terminology. The California
Department of Water Resources makes no mention of efficiency in
its regular accounts of water allocation and use in the state. Recent
research publications take the same view (Ward and Pulido-Vasquez
2008). The recommendations have been summarized in terms of
water consumed by users (irrigation, water supply, and industries) and
nonconsumed water (usually in the form of environmental flows or as
groundwater stock).

This approach to water sector terminology has a number of im-
portant features:
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1. It closely follows hydrological concepts (conservation of mass. The
fractions add up to unity at any given level of aggregation).

2. It differentiates between consumptive and nonconsumptive uses
(so that the water supply and sanitation sector is characterized
quite differently from irrigation).

3. Consumption we want (transpiration by irrigated crops) is dis-
tinguished from unwanted consumption (such as transpiration by
weeds and evaporation from wet soil).

4. Outflows that are recoverable are distinguished from those that
are not.

5. In water-short environments, these terms enable sectoral spe-
cialists to communicate unambiguously to point directly to the
priorities that will deliver more benefits from the same—or
less—water:

a. Reducing nonbeneficial consumption
b. Minimizing nonrecoverable flows
c. Recovering as much as possible of the recoverable flows.

The use of these terms greatly clarifies the discussion of interventions.
When these terms are not used carefully, the ambiguity can generate
misconceptions. For example, respected authorities can quote data
suggesting that production can be substantially increased while water
use is cut by 50 percent—75 percent (Brown 2008). This wording could
indicate this outcome without clarifying that the “saving” is in water
applied, not water consumed, and that crop water transpiration is
linearly related to crop production—so that, in reality, beneficial water
consumption will increase with crop production.

One conventional response to scarcity is to introduce “water-
saving” technologies. Most MNA countries are pursuing such inter-
ventions (either government sponsored or farmer initiated). Typically,
the expectation is that crop production will be increased, and water
will be saved. However, normally, the water-saving indicator does
not signify water consumed in the irrigation process but, rather, water
applied to the process.

In the framework proposed by ICID, such interventions must be
very carefully evaluated:

m To the extent that transpiration is increased, the consumptive use
of water is proportionately increased. The source of water for that
increase then must be traced.
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m If the impact is to shift nonbeneficial evaporation into beneficial
transpiration, then production is increased at no incremental
water cost. However, the literature suggests that, once irrigation
practices are reasonable, the proportion of applied water going to
evaporation is rather small.

m  However, if the impact of the intervention is to reduce runoff or
infiltration, the ultimate destination of that excess must be identi-
fied. If the water is fully or partially recovered, the actual saving is
proportionately reduced.

The impact of improved irrigation “efficiency” and irrigation
management always will be somewhere between two extremes on a
spectrum of possible impacts:

|. At one extreme, water that otherwise would have been un-
productive makes a full contribution to crop transpiration and
hence production. The resource cost is zero; the outcome fully
positive.

2. Atthe opposite end of the spectrum, incremental water consump-
tion as a result of improved irrigation technology in one location
takes water away from a more productive alternative use in an-
other location—future domestic consumption, for example—so
the impact is strongly negative.

River Basin Context

For each part of a river basin, a water balance can be constructed
comprising precipitation and surface inflows as sources; and evapo-
ration, transpiration, runoff, and changes to storage as end uses (or
destinations). The uses can further be classified into the ICID benefi-
cial/nonbeneficial, recoverable/nonrecoverable flow categories. Some
areas are “sources” of water, that is, precipitation exceeds local use
and the excess goes to runoff or groundwater recharge. Other areas
—including wetlands, irrigated areas, and saline sinks—are “sinks”in
which consumption exceeds precipitation. The balance is met by natural
inflows, managed diversions, or pumping.

Table 6.3 provides a schematic, with completely notional data, of
how basin accounts can be represented in accordance with this ap-
proach. As is discussed later, models are available that enable various
data types to be integrated into this format.
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The first row of table 6.3 defines the major categories of land and
water use. Some are essentially natural and “unmanaged.” Others
consist of managed land use. The third is managed water use. In the
next row, typical classes within these categories and the percentage
of the area under each class are specified.

Sources of water consist of rainfall and any committed inflows (in this
case, restricted to the requirement for irrigation). The rainfall is distributed
across land classes—here, for simplicity, in proportion to area.

The remaining lines correspond to the ICID classification of uses.
The data in each column—which correspond to a water balance for
that use class—then can be estimated, calculated, or modeled for each
cell (elaborated below).

What is deemed “nonbeneficial” is, in large measure, a political
decision. Clearly, water that is consumed by weeds among irrigated
crops is nonbeneficial, as is water that evaporates from bare soil (after
rainfall or during poorly managed irrigation). However, water evapo-
rated and transpired from wetlands, riparian vegetation, and natural
forests often may be considered as environmentally useful, hence a
beneficial use.

This basin-scale overview would be complemented by more de-
tailed analyses of specific areas of interest. For example, the estimated
overall net groundwater recharge of 45 units (recoverable recharge =
145 units, transfers to irrigation = 100 units) may well disguise areas in
which recharge is substantially positive or negative.

As mentioned, the data in the table are invented, but the advan-
tages for a country of creating such a data set are considerable. The
set clarifies the most significant water sources and uses:

m  Natural forest is the most significant source of stream flow, so
changes in this land use class should be monitored carefully.

m  Nonbeneficial use in irrigated areas is significant. Thus, better
management or technologies offer scope for significant increases
in beneficial use, hence crop production, without negative impacts
on downstream areas.

m  Recoverable river flows (209 units) are entirely utilized. Additional
use of surface water would require either transfers from one sec-
tor to another, or construction of facilities to capture more of the
currently nonrecoverable flows.
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m  Rainfed agricultural areas contribute substantial recharge, so in
these areas there could be scope to develop groundwater and thus
increase agricultural production.

This framework forces recognition of the linkages among the
components of a basin, which is an essential basis for understanding
and analysis.

The output from models is, at best, only as good as the data we
put in to them. Remote sensing (RS) now offers important additional
sources of information, from rainfall through evapotranspiration (ET)
(with the potential to distinguish between the beneficial and nonben-
eficial components), to stream flow, lake levels, and groundwater
storage. Each of these data types—especially when combined with
ground-truthed observations—now can be estimated at various scales
through RS technologies.

Information from Remote Sensing

This section summarizes the potential contribution of RS information
to the various information needs identified in table 6.3.

Land-Use Classes

One of the earliest uses of RS data was to classify land use. Initially,
classification was little more than visual identification. However, in
the past decade or so, more and more characteristics have become
observable with different sensors and the data can be processed in
computers. Thus, it has become possible to identify more classes with
greater precision and at higher resolution.

Rainfall

The Tropical Rainfall Measurement Mission, launched in 1997, provides
real-time estimates of rainfall derived from microwave data at | degree
resolution. More recently, data from this and other sources have been
integrated through the PERSIANN (Precipitation Estimation from
Remotely Sensed Information Using Artificial Neural Networks) algo-
rithm to generate rainfall data at a resolution of 0.25 degrees (25km)
at the equator, at 3-hour intervals.
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Evaporation and Transpiration

One of the most active areas of research in the interpretation of RS
data in the last decade has been evapotranspiration (ET). The Surface
Energy Balance for Land (SEBAL) (Bastiaanssen and others 1998) has
been applied successfully in a large number of countries. It provides
spatial estimates of ET at resolutions from a few meters to several
kilometers, depending on the source data. The METRIC algorithm
(Allen and others 2007) is computationally similar to SEBAL. Anderson
and others (1997) use an approach that does not rely on ground-based
information. It generates frequent estimates of ET at a resolution of
5km—10km. Integration of these data with finer resolution sources
enables downscaling the ET estimates.

Table 6.3 disaggregates ET into beneficial and nonbeneficial com-
ponents. This separation is important, but not easy to make. Some
nonbeneficial ET is evaporation from wet soil and can be identified
because it occurs in the absence of vegetation. Similarly, ET occurs
from nonbeneficial vegetation. Whether a given vegetation type is con-
sidered beneficial or not is essentially a political decision. Perhaps most
importantly for irrigation managers, there is nonbeneficial evaporation
when irrigation deliveries are excessive or poorly managed at the farm
level. Estimates of the distribution of ET between E and T also can be
made based on known crop characteristics. The potential T is known,
so if ET exceeds this figure, the excess must be evaporation.

Runoff and Recharge

Once precipitation and evapotranspiration are mapped, the total
runoff and recharge for a given area can be estimated as the differ-
ence between these two. Partitioning further between runoff and
recharge generally requires ground data, and/or further modeling. RS
data also is beginning to make a contribution in this area. The GRACE
project, sponsored by NASA, measures variations in the water stored
in the soil and underlying aquifers. To date, the resolution of these
data is coarse (approximately 100km), making it hard to interpret lo-
cal changes. However, already such information provides a degree of
independent confirmation of other observations or modeling results.
Thus, it can be anticipated that, in future, estimates at finer resolution
will be possible.
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Information from Conventional Measurements

The information sources outlined above provide important clues to how
a basin is operating. Additional, more traditional sources of informa-
tion are essential to complement and confirm such data. They include
streamflows, releases from reservoirs, water table information, cropping
patterns and planting dates, land cover, and meteorological data.

Integrating Information and Scenario Analysis: Hydrological
and WEAP Models

An appropriate model can greatly facilitate the process of organizing the
analysis, linking components of the system, and, especially, exploring
the impact of future scenarios. The main challenge is not to try to build
in all the processes that we can model, but to identify the most relevant
processes. Models can address either very narrow issues in great detail—
for example, how stomata react to salt—or much broader issues at a
lower level of detail. For the type of analysis relevant to the issues of
concern here, hydrological models are most relevant.

Table 6.3 makes clear that RS data can contribute extensively to
identify the main “sources and uses” (rainfall and ET) components as
well as to understand recharge. These data sets are basic to the for-
mulation of a hydrological model. This model then adds the capacity
to define the interactions between storing and diverting runoff, and
pumping groundwater. These interactions are susceptible to managed
interventions.

A gargantuan number of hydrological models exist, and applications
are growing rapidly. The number of online pages that include the words,
“hydrological model.” is over 1.2 million (Google January 2007). Using
the same search engine to find “water resources model” came up with
86 million pages. Therefore, a critical question for hydrological model
studies relates to the selection of the most appropriate model. One of the
most important issues to consider is the spatial scale to be incorporated
in the study and how much physical detail is to be included.

WEAP (Water Evaluation and Planning System) is well suited
to integrate the types of data described above to produce a practi-
cal “accounting framework” for planners and decisionmakers. It was
created in 1988 to be a flexible, integrated, and transparent planning
tool to evaluate the sustainability of current water demand and supply
patterns and to explore alternative long-range scenarios (SEI 1997).
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WEAP is freely available to academic, governmental, and nonprofit
organizations in developing countries.

WEAP follows an integrated approach to water development
that places water projects in the context of multisectoral, prioritized
demands; water quality; and ecosystem preservation and protection.
WEAP also is distinguished by its integrated approach to simulating
both the natural (rainfall, evapotranspirative demands, runoff, base-
flow) and engineered components (reservoirs, diversions, groundwater
pumping) of water systems. This holistic approach gives the planner
access to a comprehensive view of the broad range of factors that
must be considered in managing water resources. WEAP, thus, is
an effective tool for examining alternative water development and
management options.

WEAP operates on the basic principles of a water balance. Using
this tool, the analyst can represent all of the system’s complexities:
supply sources (rainfall, rivers, creeks, groundwater, and reservoirs),
withdrawal, transmission and wastewater treatment facilities, eco-
system requirements, water demands, and pollution generation. The
data structure and level of detail easily can be customized to meet the
requirements of a particular analysis and to reflect the limits imposed
by available data.

Operating on these basic principles, WEAP is applicable to many
scales; municipal and agricultural systems, single catchments, or complex
transboundary river systems. WEAP incorporates not only water al-
location but also, if required, water quality and ecosystem preservation
modules, making this model suitable for simulating many of the fresh-
water problems that exist in the world. SEI 2005 and Droogers 2008
explain more about the WEAP model and present an example—Iloosely
based on a known basin—with guidance for operating and modifying
the model to explore future scenarios.

However, the most important aspect of choosing a model is its
capacity to explore different scenarios. Scenarios may be driven
either by exogenous factors such as population growth and climate
change (Droogers and Aerts 2005) or by management decisions (res-
ervoir operation rules, water allocation among sectors, investment in
infras-tructure such as water treatment or desalinization plants, and
agricultural irrigation practices). Understanding how changes in one
part of the basin are likely to impact on other areas and, indeed, which
linkages are the most important are very powerful features of an ap-
propriate modeling system.
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Conclusions and Recommendations

The water situation facing most Arab countries is difficult: water sup-
plies are scarce, and the demand for water is high.

These conditions have existed for millennia so a variety of ap-
proaches evolved to ensure that whatever water is available is produc-
tively and sustainably used. Water management arrangements vary in
scale, complexity, technology, and purpose. However, they also have
important common features: the group sharing the water had a clearly
defined water source; agreed priorities for allocating the water formed
the basis of formal or informal rules; responsibilities for administering
the rules were assigned; and the appropriate infrastructure to deliver
the service is implied by this entire process.

In fact, the elements that provide for stability are clearly identifiable
across a wide range of countries and techniques. They comprise an
understanding of availability (assessment); a political bargaining process
to establish priorities for allocation; codification of the results of this
process into laws and rules; delegation of powers to institutions and
governmental and nongovernment agencies: and engineering works
suitable to deliver the water to the users (ABCDE).

However, in many countries, the precarious balance that developed
over centuries to manage naturally available water supplies has been
disturbed in many countries by the pressures of economic development
and demographics as well as the introduction of new technologies that
made over-exploitation for irrigation purposes easier to practice and
harder to control. The outcome is often chaotic competition, inequi-
table distribution, and over-exploitation.

Climate change is an additional destabilizing factor. Sharp declines
in water availability are projected over the coming century. Increasing
temperature and aridity will increase crop-water demand, thus ac-
centuating the deficit between supply and demand.

Addressing these issues must be a multidisciplinary effort. Con-
sequently, communication among the participants in unambiguous
terminology about the nature of water use will be essential—to dis-
tinguish between consumptive and nonconsumptive uses of water; as
well as to carefully identify which return flows are already exploited
elsewhere and which are genuine losses to the system. Hydrology pro-
vides the scientific framework within which solutions must be found.

Presenting hydrological information to policymakers and planners is
not always easy. However, the combination of modern analytical tools,
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new sources of spatial data, and diligent measurements of key “ground”
data provide a proven base. Integrating these data sources will enable
sectors, regions, and countries to better understand how these data
interrelate and will enable the inevitable disputes about allocation to be
based, as far as possible, on facts rather than assertions.

Furthermore, well-formulated models enable exploration of possible
scenarios that can reflect management options, technical options, and
investment options in the context of projected climate scenarios.

The potential contribution of new RS techniques to these efforts is
substantial. Through different types of satellites and analysis, RS can
provide historical time series as well as near-real-time data about the
major components of the hydrological cycle: rainfall, land use, irrigated
areas, ET, and changes in groundwater.

Restoring hydrological equilibrium in the Arab world is critical
for sustainability, productivity, and equity between generations.
However, carrying it out will be difficult. It will require restoration
of the historic linkages among assessment of availability, bargaining,
codification, delegation, and engineering (ABCDE). Information about
availability is the foundation for this structure, and new technologies,
especially RS techniques, offer powerful ways to improve knowledge
for all concerned.
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Egypt Case Study
Energy Efficiency CDM Program:
Irrigation and Drainage

Pumping Sector
Abdulhamid Azad

n 1992 over 180 countries adopted the United Nations Convention

on Climate Change (UNFCCC), a framework convention aimed

at stabilizing climate-altering greenhouse gases in the atmosphere.’
The Kyoto Protocol, which was adopted under the UNFCCC and
entered into force on February 2005, commits industrialized countries
to reduce their greenhouse gas (GHG) emissions by an average of 5.2
percent below their 1990 levels by 2012. To meet these commitments
in the most cost-effective manner, the Protocol contains provisions al-
lowing industrialized countries some flexibility to meet their obligations
through projects generating emission reductions (ERs) elsewhere. The
most important instrument permitting industrialized countries to finance
emissions-avoiding projects in developing countries and receive credit for
doing so is the Clean Development Mechanism (CDM) proposed under
article 12 of the Kyoto Protocol. The main purpose of this mechanism is
to assist host countries with sustainable development through the transfer
of cleaner technology and financial resources for specific projects, while
contributing to the reduction of greenhouse gas emissions.

Despite the rapid growth of global carbon finance transactions, en-
ergy efficiency improvements of irrigation and drainage pumping stations
are still being bypassed due to lack of operational policy frameworks
and pilot projects. Moreover, most of the pumping stations also are
suffering from an overall lack of investments in the energy efficiency
improvements. T he result is that even the potentially most attractive,

T This chapter was prepared on the basis of project documents in the recently com-
pleted World-Bank-financed Egypt Pumps Il Project and the preparatory work for a
proposed operation with Clean Development Mechanism (CDM) engagement.
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Box 7.1 Need for a New Approach to Emission

Reductions

m  Energy efficiency potentially could account for
more than half of energy-related greenhouse

gas redu
years.

m  Energy-efficient projects account for less than

10 perce

low-cost carbon mitigation proj-
ects encounter significant dif-
ficulties obtaining funding (box
7.1).

This case study presents
ctions achievable over the next 20—40 ana.lytlcal ssues re.la’Fed t,o DM
projects for the irrigation and
drainage sector such as base-
line definitions, project idea

nt of the current market. ‘ ‘
note preparation, which CDM

methodology is to be used for
the pumping sector, benefits, and yearly emission reductions resulting
from energy savings.

Irrigation and Drainage Sector

Egypt has no significant rainfall and is dependent on its 55.5 billion
cubic meters (m?®) per annum share of Nile water. The country
therefore must improve returns from its available water resources in
an environmentally sound and sustainable manner, which includes
adopting energy-efficient technologies. The energy-intensive Egyp-
tian irrigation and drainage sector plays a vital part in food produc-
tion and in maintaining the rural economy. Agriculture accounts for
20 percent of GDP and 35 percent of the labor force. The success
of irrigated agriculture depends to a large extent on the effective
operation and maintenance (O&M) of the irrigation and drainage
system to maintain the quality of the level of irrigation and drainage
services (table 7.1).

Table 7.1 Irrigation and Drainage Service Quality Indicators

Service quality

Adequacy
Reliability

Equity

Flexibility

Irrigation Drainage

Ability to meet water demand for optimal Ability to dispose excess water in minimal
plant growth time to prevent damage

Confidence in supply of water Confidence in ability to dispose excess water
Fair distribution of share of water shortage Fair distribution of risks

risks and minimize the head and tail equities

(poverty aspect)

Ability to choose the frequency, rate, and Ability to choose the time, rate, and duration

duration of supply of drainage water disposal
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Given the very flat topography in most parts of the country, water in
open conveyance channels needs to be lifted at certain critical points to
provide irrigation, while drainage water needs to be pumped out. Asa con-
sequence, there are over 743 pumping stations that are of vital importance
for Egypt’s agriculture in the Nile Valley and Delta. By world standards,
most of these pumping stations are large, with pumping capacities ranging
from 2 m®/s to 75 m®/s. They command large irrigated and drainage areas
with a high cropping intensity ranging from 180 percent—200 percent.
Pumping heights range from 5 meters—50 meters. Pumping drainage water
also is needed to control groundwater levels and salinity to preserve crop
yields. Approximately half of these stations have very old pumping units
operating inefficiently and incurring high energy costs (70 percent of total
operating costs). The allocation of funds to maintenance activities is small,
and the pumping stations are subject to contingency repairs. Given this
system’s strategic importance to the country, financing is made available
from the government’s budget. However, there is generally no serious
questioning of either the economics or the technological choices made,
such as energy efficiency aspects.

In water-scarce regions such as in Egypt, declines in reliable water
supplies for irrigation will dampen the increase in cereals yield that poli-
cymakers expect as a result of improving irrigation infrastructure and
techniques. By 2025, reduced reliability is expected to reduce yields in
the Nile River basins by 11 percent. There is evidence that temperatures
already have increased in the last two decades, and that drought epi-
sodes have intensified. International Panel on Climate Change (IPCC)
climate models predict additional increases in temperature. Climate
models also predict an increase in amplitude and frequency of extreme
weather events such as droughts, floods, and storms. The expected rise
in temperature will increase evaporation, while a rise in the seawater
level will cause salt-water intrusion in coastal groundwater reservoirs.
Given such scenarios in the face of growing demand, overall water
availability for irrigation and other uses will decrease. At the same
time, water availability will become more erratic and thus harder to
manage. In the Nile Delta, drainage pumping stations will need to be
redesigned to “climate-proof” the investment so that they can help to
counter the effect of the expected seawater intrusion. Redesign also
would enable the continuation of rice cultivation in the Nile Delta,
which would help combat seawater intrusion.

In a context of increasing water scarcity, climate change will exac-
erbate the current supply-demand imbalance. Major investments will
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Table 7.2 GHG Emissions as Reported to UNFCCC, 1990 (milliont (0,)

Sector €02 emissions (mil, ) Total emissions (%)
All energy 82.72 71
Industry (other than energy) 10.27 9
Agriculture 17.93 15
Wastes 5.69 5
Total 116.60 100

Source: Egypt National Greenhouse Gases Inventory 1990—91. www.eeaa.gov.eq

be needed to (a) modernize irrigation and drainage pumping stations
and (b) improve on-farm irrigation efficiency. Adaptation may require
switches in cropping patterns to new crops or varieties more tolerant
of water scarcity. To avoid the harmful effects on crops of irrigation
and drainage pump failures and reduce the O &M cost of the pumping
stations, the government has set up a long-term program to rehabili-
tate the irrigation and drainage pumping network of the Nile Water
Resource Management System.

GHG Emissions Characteristics

The aggregate national GHG emissions without the impacts of land-use
changes were estimated at over 116 million tons of CO, equivalent in the
baseline year 1990-91. The relative contributions of greenhouse gases
in 1990-91 to the total emissions, by sector, are presented in table 7.2.
The agriculture sector was the second largest GHG source, mainly
from enteric fermentation and rice cultivation, followed by the non-

combustion-related industrial

Figure 7.1 GHG Projections for All Sectors, 1990-2017 emissions of CO,, mainly from the
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must exist. In this case, an approved methodology exists, namely,
AMO0020, “Monitoring Methodology for Water Pumping Efficiency
Improvements.”

In brief, how does the CDM work in the case of this project? En-
ergy savings resulting from energy efficiency improvements reduce
greenhouse gas emissions. To meet their agreed emission reductions
targets, OECD countries that have agreed to reduce their emissions of
GHG then can purchase these emission reductions from such projects
located in developing countries, which are not obliged to reduce their
GHG emissions.

Pumping stations that, in principle, are eligible to participate in this
CDM program will need to meet the following criteria:

Age of the equipment exceeds 20 years.

Average operating hours per unit exceed 100,000.
Capacity is inadequate, or there is no stand-by unit.
Drainage and static head requirements have changed.

Building is in very poor condition, including major structural defi-
ciencies.

There are problems with switch gear, gear boxes, and corrosion.
New pumps will be installed if the cost of rehabilitation exceeds
70 percent of the cost of new pumps.

Most of the project investments will relate to electromechanical
equipment for the pumping stations. Efforts will be directed toward
establishing better linkages among the Irrigation Department, Drain-
age Authority, and the Ministry of Electricity and Energy. The last is
implementing Energy Efficiency Programs including auditing energy
consumption. These programs have had some success with domestic
water supply and wastewater treatment pumping stations.

Table 7.3 Change in Energy Use

123

Pumping station

Irrigation Drainage Annual energy savings
Type of intervention (%) (%) (USS)
Complete rehabilitation -22 =10 624,637
Partial replacement 13 =5 1,376,690
Provision of spare parts -9 =7 1,054,593

Total 3,055,920
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The recent pumping station rehabilitation project analyzed the overall
impact on energy use by rehabilitation alone (table 7.3). Rehabilitation
increased the operational efficiency of motors and pumps and reduced
the amount of maintenance required, resulting in immediate cost sav-
ings. Annual savings in maintenance costs were estimated at 5 percent
of the capital costs of rehabilitation and 1 percent of spare parts.

CDM Program of Activities Design Document

A CDM program will be implemented through what is termed a Pro-
gram of Activities, for which a Program of Activities Design Document
(PoA DD) will need to be prepared and registered with the CDM
Executive Board. The PoA DD will describe the overall program.
The proposed CDM Program Activity Design Document (CPA) will
describe all the energy efficiency measures to be implemented in a
specific pumping station(s). The energy efficiency measures will be
based on energy audits of the pumping stations and will include:

Electricity demand-side management
Power subscription adjustment
Power factor improvement

Changing mismatched pumps
Impellers adjustments
High-efficiency motors

Preventive pump maintenance

Energy efficiency monitoring and evaluation.

In the absence of the program activity, the pumping stations will
continue to be operated at the same energy performance level or
worse. The electricity consumption of the pumping stations will stay
at the current order of 1,500 GWh/year or will increase. The program
activity will improve the energy performance of the pumping stations
and will save electricity, reducing GHG emissions. The program’s emis-
sion reductions correspond to GHG emissions that would have been
produced in the absence of the program activities.

The current operational conditions and performance of the pump-
ing stations will be documented and organized in a database that will
be used as a reference for the future emissions reductions evaluation.
A comprehensive Management Information System (MIS) has been
developed for this database.
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Additionality

The program’s additionality can be justified by the following barrier
arguments:

a. There is no regulation or incentive scheme in place covering the
program’s activities.

b. The program faces significant financial barriers and possibly will
have to be supported by a World Bank loan.

c. Electricity tariffs are low in Egypt so the energy bill savings are not
sufficiently motivating for program implementation.

CDM Methodology to Be Used
The AM0020 methodology is applicable to project activities that:

m  Seek to reduce GHG emissions by explicitly reducing the amount
of energy required to deliver a unit of water to end-users in mu-
nicipal water utilities.
m Improve energy efficiency in overall water pumping, including re-
ducing technical losses and leaks, as well as the energy efficiency of
the pumping scheme that consumes electricity from the electricity
grid, in which
e The existing efficiency (of water and energy) is being improved,
or

e A new scheme is being developed to replace completely the
old scheme. This methodology will apply to the new scheme
only up to the measured delivery capacity (annual amount of
delivered water) of the old scheme.

The AM0020 methodology is not applicable to cases in which the
project activities consist of building entirely new schemes to augment
existing capacity. This requirement will ensure that only emissions re-
ductions up to the existing capacity of the system will be considered.

The CDM monitoring re-

quirements are defined in the Ap- Figure7.2 AM0020, 2005
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This methodology requires the following monitoring arrangements:

m  Water from the entire scheme entering in the water system post-
project must be metered and the total numbers adjusted to make
sure that increases in water supply from the new scheme are not
counted.

m  Energy consumption in the form of kWh required to move the
water within the boundaries of the system must be calculated.

m  The carbon content of the electricity employed by the water system
must be calculated using the combined margin approach outlined
in the “Tool to Calculate the Emission Factor for an Electricity
System.”! In other words, if the water pumps are linked to the na-
tional energy grid, the CO, output per Mw or kW/h of electricity
will need to be calculated and monitored. This information generally
is made available by the authorities each year. An amendment to
the methodology will be required to accommodate off-grid pumps.
If the water pumps operate from off-grid sources such as diesel
generators, the annual consumption of related diesel fuel will need
to be calculated. Default values for the carbon content of the diesel
will be used for this calculation.

The program also supports and maintains the improvement of
energy efficiency of the pumping stations through energy audits, en-
ergy management programs, efficiency measurement and control, and
preventive pumps maintenance. T he technology employed is widely
used and commercially available. Most of the program activities concern
water demand management and best practices for energy efficiency
improvement and pumping stations and canals maintenance. However,
these activities are not widely practiced in Egypt.

GHG Emissions Reductions

Electricity savings resulting from energy efficiency improvement will re-
duce the emissions of GHG associated with power generation in Egypt.
The main GHG targeted is CO,. The expected emissions reductions
associated with the CDM program activities are evaluated in table 7.4.

"http://cdm.unfcce.int/methodologies/ Tools/EB35_repanl2_Tool_grid_emission.
pdf
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Table 7.4 Yearly Emission Reduction Resulting from Energy Savings,

2010-18 (%)

Activity start date

EE program implementation period

2010

2010-18 (%)

2010 6.25
2011 6.25
2012 125
2013 125
2014 125
2015 125
2016 125
2017 125
2018 125
Year of start of crediting period 2012
Emission reductions t(0,
Year 1 2012 29,070.6
Year 2 2013 58,1413
Year 3 2014 87,2119
Year 4 2015 116,282.5
Year 5 2016 145,353.1
Year 6 2017 174,423.8
Year 7 2018 203,494.4
Year 8 2019 232,565.0
Year 9 2020 232,565.0
Year 10 2021 232,565.0
Year 11 2022 232,565.0
Year 12 2023 232,565.0
Year 13 2024 232,565.0
Year 14 2025 232,565.0
Year 15 2026 232,565.0
Year 16 2027 232,565.0
Year 17 2028 232,565.0
Year 18 2029 232,565.0
Year 19 2030 232,565.0
Year 20 2031 232,565.0
Year 21 2032 232,565.0
Year 22 2033 203,494.4
Year 23 2034 174,423.8
Year 24 2035 145,353.1
Year 25 2036 116,282.5
Year 26 2037 87,211.9
Year 27 2038 58,1413
Year 28 2039 29,070.6
Total t (0, 4,883,865.4
Average tC0,/year 174,423.8
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They are derived from the total annual electricity bill of the pumping sta-
tions and the assumed current and target pumping station efficiencies.

CDM Implementation Cost

The estimated cost of the irrigation and drainage pumping stations
modernization program will be detailed in the project concept design
document. The additional CDM pre-operational development costs
(feasibility assessment, project design document, registration, validation)
are estimated at US$150,000, excluding the Designated Operational
Entity (DNA fee). In Egypt, this fee is fixed at 3 percent of the Certified
Emissions Reductions (CERs) for energy efficiency projects.

The required CDM monitoring plan will be integrated in the moni-
toring and reporting procedures of the pump modernization program
so the additional costs for CDM monitoring will be minimal. However,
an additional budget for the CDM project operational phase should be
foreseen for CER verification and issuance.?

Benefits of the CDM Program

Besides the expected additional revenues that the CDM can gener-
ate, the implementation of a CDM program for the pumping stations
modernization project offers multiple advantages:

m  GOE will need to provide fewer irrigation subsidies and energy sub-
sidies and can reallocate the reduced expenditures elsewhere.

m  The program contributes to CDM development in Egypt and helps
ensure the sustainable development of the country.
It reinforces the CDM capacity of the concerned stakeholders.
It demonstrates Egypt’s efforts to reduce GHG emissions and to
reinforce its sustainable development strategy.

m Ithelpstobuild a viable PPP scheme and thereby facilitates the trans-
fer of the O &M of the pumping stations to the private sector.

m Itreduces electricity consumption and helps preserve the country’s
fossil fuel resources.

m Training and education of pumping stations operators will create
awareness of the efficient use of electricity and proper energy
management’s positive effect on the environment.

3 Estimated at US$30,000/year.



Egypt Case Study Energy Efficiency CDM Program

m  The project will encourage a greater investment and will provide
more resources to reduce water losses through fixing leaks and
faulty pumps.

m  The project supports the overall financial performance by reducing
the unit cost of supplying water.

m [t provides employment during the implementation and monitoring
phases of the project activity.

The expected revenues from the CDM program depend greatly
on the commercial carbon credits selling terms and the risk-taking of
transaction costs and ERs certification. The carbon price can vary
from US$8-16 per ton eq. CO,. Accordingly, the CDM program could
generate US$40-100 million during its 28-year lifespan.*

Program Risks

As part of the pumping station modernization project, the CDM pro-
gram will share in the risks of project implementation.

However, besides the intrinsic project risks, the specific CDM risks
can be summarized as:

m Registration risks associated with the CDM program’s
additionality®
Uncertainty of the future of CDM beyond 2012
Higher transaction costs

Relevant stakeholders’ insufficient motivation and awareness
of CDM benefits.

On the positive side, the program provides opportunities for policy-
makers to introduce, through energy efficiency measures, modernized
management of this important sector.

4 This is a rough estimate of the CDM potential revenues. In fact, their amount will
depend on the project implementation and the energy performance reached and,
predominantly, on the post-2012 CDM status and future market.

5> Egypt’s low electricity prices facilitate the justification of the CDM additionality
of energy efficiency projects.
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Accountable Water and
Sanitation Governance:

Japan’s Experience
Satoru Ueda and Mohammed Benouahi

xternal accountability is considered a key foundation for well-

functioning water and sanitation utilities. Japan has succeeded in

achieving the highest standards of service through a combination
of sound institutional regulations, a strong work ethic, and the use of
technology. Although Japan’s social and economic contexts are very
different from MNA’s, many aspects of Japanese water and sanitation
governance would interest MNA policymakers.

Japan has adequate rainfall (1600 millimeters (mm)/year). At the
opposite extreme of countries that are battling desertification, Japan is
vulnerable to too much water, notably destructive typhoons and floods.
As the country’s rivers are short and fast flowing, a large network of
reservoir storage and well-managed regulation of flows has ensured
reliable water services (figure 8.1). Also, due to very high concentra-
tion of population in some major

metropolitan areas, such as To-
kyo, and high seasonal variation
in rainfall, water resources had
to be developed rapidly in the
1960s—1980s. Particularly in To-
kyo in the 1960s, when economic
development was booming along
with the hosting of the Tokyo
Olympic Games in 1964, Tokyo
was called “Tokyo Desert” due
to intensive and repeated water
cutoffin rotation lasting for sev-
eral months.

Figure 8.1 Historical Changes of Water Sources:
Increasing Dam Storage Water, 1970-2005
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This chapter briefly describes the institutional set-up in Japan,
reviews the performance of its water and sewerage utilities, and draws
some lessons for the Middle East and North Africa region. The findings
are based on an August 2007 2-week study tour by the authors.

Legislative and Institutional Framework

The Japanese government operates at three levels: (1) the national
government, which comprises the prime minister’s office and 11 min-
istries; (2) 47 prefectural governments; and (3) municipalities (cities,
towns, and villages). As part of the governmental system reform, the
number of municipalities has been greatly decreasing, from 3,232 in
March 1999 to 1,804 in September 2007.

Japan has a comprehensive system of water laws and regulations.
The main water-related legislation includes:

m  Public utility management: Local Public Enterprise Law (1952) and
Local Government Autonomy Law

m  Water resources development and management: River Law, Water

Resources Development Promotion Law, specified multipurpose

dam law

Drinking water supply: Waterworks Law (1957)

Industrial water supply: Industrial Water Supply Law

Irrigation water: Land Improvement Law

Sewage management: Sewerage Law (1958), City Planning Law

Water quality and environment: Fundamental Environment Law
and Water Pollution Control Law.

Water supply and sanitation (WSS) services are delegated by
law to the lowest appropriate level. Thus, WSS services are princi-
pally the responsibility of local governments, such as prefectures and
municipalities. Local governments can organize and delegate their
functions to autonomous semigovernmental enterprises. T hese utility
entities carry out local governmental mandates and management of
daily operations, and report to mayors and/or municipal councils. In
principle, all recurrent expenses of utility services are required to be
fully covered by tariffs.

At the national level, multiple entities are responsible for the water
supply: the Ministry of Health, Labor and Welfare; the Health Bu-
reau; the Water Supply Division; the Ministry of Internal Affairs and
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Communication (MIAC); and Local Public Financial Bureaus. For
sewerage services, the Ministry of Land, Infrastructure, and Trans-
portation, the City and Regional Development Bureau, the Sewerage
Department, and MIAC are in charge. National ministries establish the
regulations and guidelines for technical and service standards. They
also review and approve utilities’ business plans regarding their basic
scope, design, and investment schedule. Finally, under the terms of the
Waterworks Law and the Sewerage Law, the Ministry of Health, Labor
and Welfare and the Ministry of Land, Infrastructure and Transporta-
tion subsidize prioritized infrastructure construction.

These ministries are not involved in operational aspects of water
supply and sewerage utilities. They do not approve, but are merely
informed of, changes in tariff levels.

Regulations for Providing Water Supply Services

From the institutional perspective, the Local Public Enterprise Law
(1952) is the most important.! This legislation requires water utilities
to supply water to improve public welfare, while operating economi-
cally as independent and autonomous business entities/public enter-
prises. The utilities are to collect revenues from customers to cover
recurrent costs. This arrangement has required the development of a
well-developed accounting system so that water supply assets can be
separated from other municipal accounts and charged specifically to
the water supply operation.

Most water utilities are established to serve the population/area
within a single municipality, and their main offices are housed in the
municipality’s office buildings. An independent commissioner is ap-
pointed, usually by the mayor, as the head of the utility and approved
by the municipal council. The commissioner reports to the owners/
regulators, namely, municipal councils, on key business decisions, such
as annual investment/operation plans, tariff increases, and auditing.

Water utilities also are required to follow the technical, operational,
and service standards stipulated in the 1957 Waterworks Law, which
is administered by the Ministry of Health, Labor and Welfare. The

' The standard translation of the Japanese law uses “Enterprise” instead of “Cor-
poration.” Therefore, when referring to water and sewerage utilities, this chapter
uses “enterprise” instead of “corporation” for those that adopt corporate financing
procedures according to the Local Public Enterprise Law’s financial clauses.
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Waterworks Law stipulates the basic management of waterworks,
such as licensing for drinking-water-supply utilities establishment and
operations; drinking-water quality standards; construction and admin-
istration of water supply systems; subsidies for investment schemes
for planned improvement of facilities, such as major treatment plants
and pipelines construction; and the responsibilities of utilities commis-
sioners and personnel.

In 2006, 2,334 water supply utilities existed, of which 1,469 were
established as statutory entities under the Local Public Enterprise
Law. The remaining 885 small-scale utilities were not subject to this
law. However, all of these utilities are subject to the Waterworks Law,
which does not distinguish between urban and rural water.?

Regulations for wastewater service management

In general, sewerage management is handled separately from water
supply. Some exceptions exist, such as Kyoto City. As opposed to
water supply utilities, most sewerage utility offices are established as
internal departments or divisions within local governments (prefectures
or municipalities). Thus, almost all sewerage utility offices are accom-
modated within local governments’ office buildings, and the heads of
sewerage departments/divisions are civil servants.

The user-pays principle is also applied to wastewater collection and
treatment. Thus, in principle, recurrent expenses are fully covered by
user charges. The sewage tariffis billed and collected together with the
water tariff by water supply utilities and transferred to the sewerage
department based on prior agreement.

Regarding stormwater discharge, given its public-good nature, all
construction and operating and maintenance (O &M) costs are covered
by municipal general revenue. Stormwater discharge operations are
clearly separated from sewage collection and treatment operations.
For combined sewerage systems, local governments have established
standard formulas to apportion costs, including staff costs, between
sewage and stormwater operations. Costs are divided between sewage
treatment and urban drainage. The former is considered a private good
and is recovered through user fees, whereas the latter is considered a
public good and therefore charged to general tax revenues.

2 As in other parts of the world, utilities in small towns and villages are better man-
aged by local communities.
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Sewerage utilities are required to meet the technical, operational,
and service standards stipulated in the Sewerage Law (1958), which
is governed by the Ministry of Land, Infrastructure and Transporta-
tion. The Sewerage Law stipulates the planning, design, and opera-
tional aspects of sewerage systems (including networks and treatment
plants), licensing for construction and operational plans, subsidies for
investment schemes, water quality standards for outflows from treat-
ment plants, the maximum pollution level of discharges from factories/
plants, regulatory/monitoring/sanction measures, and the responsibili-
ties of sewerage utilities’ managers and staff. According to the clauses
of the Fundamental Environment Law and Water Pollution Control
Law, sewerage utilities/departments also are required to coordinate
with the environment departments of prefectures and municipalities
regarding the quality and quantity of effluent discharges into rivers
and lake basins.

In 2005 the number of sewerage utilities was 3,699. Of these, 213
sewerage utilities apply the corporate accounting system under the
Local Public Enterprise Law, while 3,486 utilities apply the general
government accounting system. The number of the sewerage utilities
under this law is still small but is increasing for large cities. Among
sewerage offices visited by the authors, Tokyo, Kyoto, Fukuoka, and
Sapporo adopt independent corporate accounting systems under the
Local Public Enterprise Law, whereas Shiga prefecture employs a
general governmental accounting system as a part of the prefectural
government mandates.

Performance Assessment

Water Supply

In 2005 water supply utilities served 97.1 percent of Japan’s 129 million
population,® up from 26 percent in 1946. Water supply coverage in-
creased significantly after the passage of the Waterworks Law in 1957.
As water supply coverage expanded, waterborne diseases and infant
mortality have dropped dramatically to almost nil (figure 8.2). Table
8.1 shows the main features of some major water supply utilities as
well as the average data for all of Japan.

3 Table 8.1 indicates 96.1% for water utilities, excluding small-scale utilities.
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Table 8.1 Main Features of Visited Water Utilities and Japan, Average Year

Tokyo Sapporo Kyoto Fukuoka Japan average
Population served 12,246,087 1,873,794 1,420,707 1,354,215 124,085,625
Service coverage (%) 100.0 99.8 99.0 99.0 96.1
Average daily water supply (m*/day) 4,427,100 546,925 590,151 406,393 57,644
Unaccounted for water (%) 5.8 9.1 13.9 5.1 8.5
No. of employees 4563 713 909 403 58,733°
No. of employees per 1000 connections 0.87 0.89 1.50 0.64 1.19
Water tariff (USD/m?) 1.74 1.90 1.37 2.01 133
Working ratio (%) 63 57 54 46 49

Note:

a The numbers of populations and employees are not the average of water utilities, but total in Japan.

Average daily water consumption per capita is approximately 314
liters. It increased from 169 liters in 1965 to 322 liters in 1995. However,
thereafter, thanks to improved water-saving equipment and public
information campaigns, consumption has been decreasing slightly to

approximately 314 liters. [f heavy

Figure 8.2 Urban Water Supply Progress and Benefits, 1875-1995 water users such as hotels and
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wastewater services coverage
was only 6 percent. By 2006
coverage reached 82.4 percent of the population.* Table 8.2 presents
the main features of the sewerage utilities studied by the authors, as
well as the average of all utilities in Japan.

4 The 82.4% represents the population coverage by the national-government-
authorized schemes, of which 73.3% is covered by sewerage collection and treatment
systems under the Sewerage Law. The remaining 9.1% is covered by community/
individual household septic systems approved and subsidized by the Ministry of
Environment. However, most of the remaining areas also are covered by individual
onsite sanitation facilities, and the households are equipped with flush toilets.
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Table 8.2 Main Features of Visited Sewerage Utilities and Japan Average

Enterprise  Nonenterprise

Tokyo 23 national national

wards Sapporo Kyoto  Fukuoka Shiga average average
Population served 8,566,594° 1,858,081 1,419,262 1,359,091 1,900,358" 46,336,506°  86,726,940°
Population coverage (%) 99.9 99.5 99.3 99.4 94.9 96.6 87.4

Sewerage treatment capacity 6,244,000 1,173,800 1,384,000 671,050 747,260 28,879,213 31,037,290
(m’/day)

Unaccounted for sewage (%) 9 30 27 20 6 18 12

Sewage tariff (S/m’) 1.20 0.84 1.14 1.58 192 1.17 1.13

Working ratio (Maint. costs/ 4 52 35 38 62 42 67
tariff) (%)

No. of employees 3,238 582 637 304 285 16,102 21,516

No. of employees 0.88 0.74 1.05 0.48 0.38 0.87 0.62

per 1,000 connections

Notes:

a The column indicated the information only for 23 wards of Tokyo excluding Tama Wester Municipalities.

b The data of Shiga Prefecture is the average of Shiga Prefacture Government (regional integrated sewerage system) and 19 municipalities (regular
sewerage) within the area of Shiga Prefecture.

¢ The average of sanitation utilities employing corporate accounting under the Local Public Enterprise Law.

d Represents the sanitation utilities employing general governmental accounting.

All wastewater collected by public sewers is treated at secondary-
level treatment plants. Approximately 15 percent—all effluents dis-
charged into closed water bodies, such as Biwa Lake, Tokyo Bay and
Osaka Bay—are further treated to the tertiary level. Japan’s discharged
effluent quality, even from secondary-level treatment, is remarkably
good. In general, the measured effluents’ biological oxygen demand
(BOD) is 3 mg/l-10 mg/I, which is well below the national effluent
standard of 20 mg/I.

Lessons for MNA Water Utilities

The Japanese model is highly relevant to MNA countries. Its key fea-
tures of interest for MNA are the semipublic corporate institutional
framework under the Local Public Enterprise Law on the one hand,
and the central regulation of operational and technical standards by
the Waterworks Law and the Sewerage Law on the other. The legal
framework balances the strong public ownership and oversight functions
with the private sector’s financial autonomy and operational economic
efficiency. Thanks to their semiprivate status and obligation to recover
costs, the utilities enjoy considerable autonomy for their daily opera-
tions and are relatively insulated from political issues. Building the trust
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and confidence between the utilities and service users has been one of the
bedrock principles of Japan’s utility management.
The Japanese model is thereby able to deliver :

a. Enhanced public welfare though a stable water supply and sanita-
tion service

b. Financial autonomy achieved through tariffs and a sound manage-
ment system

c. Large-scale investment in infrastructure development according
to a long-term plan
Excellent goodwill among water customers
Municipality-based utilities tailored to unique local settings.

In the following sections, this chapter details key strategies and achieve-
ments of the Japanese water and sanitation system (WSS). They are:

a. Legislating and regulating for cost recovery

b. Keeping unaccounted-for water (UFW) very low in both water
and sewerage utilities

c. Maintaining clarity in accounting between recurrent and capital
costs

d. Making available several investment-financing options for water
and sewerage utilities

e. Legislating/regulating effective governance and accountability

mechanisms

Effectively managing human resources

Outsourcing wherever possible

> @

Focusing on total water quality management
Managing river water rights and discharge permits.

Legislating and Regulating for Cost Recovery

Under the Local Public Enterprise Law, water utilities are required to
make annual financial statements by processing separately (1) anincome
statement in the current year, (2) a balance sheet, and (3) documenta-
tion of the source and application of funds.®

5> Some of Japan’s larger urban wastewater utilities adopt the corporate financing
system under the Public Enterprise Law; others adopt the governmental financial
system. Except for a few (1% of total) very small ones, water utilities employ the
corporate financing system.
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The WSS utilities generate healthy operating surpluses. The working
ratio is the relationship of operating expenses to operating revenues.
Japan’s national average working ratio of water and sewerage utilities
ranges between 0.4 and 0.6. The higher the ratio, the less contribution
margin is available to cover nonoperating costs, such as depreciation
and financial charges. The working ratio is one of the important indica-
tors of operational efficiency and the profitability of utilities. Table 8.3

Table 8.3 Japan’s and International Water and Sewerage Utilities Working Ratios

Japan Campinas Guanajuato
Tokyo Sapporo Kyoto Fukuoka average | Singapore Philadelphia Tunisia Johannesburg Brazil Mexico
0.54 0.56 0.46 0.43 0.51 0.58 0.67 098  0.53(water) 079 0.77

1.5 (sewage)

Sources: Local Public Enterprise Database (March 2006, Ministry of Internal Affairs and Communication, Japan), UK data on OFWAT annual report
(2005), Tunisia (Country Report), Water Supply and Sanitation Working Notes No. 9, May 2006.
Note: The working ratio of the Japanese water and wastewater utilties are combined for international comparison with some assumptions.

compares the combined working ratio of water and sewerage utilities
of Japanese and international cases.

Even though they cover operating and nonoperating costs, tariffs
are affordable to households and compare well with those of other
high-income countries. When measured against one HH'’s total ex-
penditures, the combined water and sewage tariffs of US$2.50 per
cubic meter (m?) account for approximately | percent of the average
HH income. This figure compares with approximately 3 percent and
2 percent for electricity and gas bills, respectively. Table 8.4 compares
the combined water and sewage tariff between the Japanese and
international cases.

Table 8.4 Average User Tariff (USS/m’)

Tokyo Sapporo Kyoto Fukuoka Japan average Damascus Jedda Tunisia Egypt

29 2.7 25 36 25 0.08 0.01 0.7 0.9

Campinas Guanajuato
London Brussels Istanbul Johanneshurg Singapore Philadelphia Brazil Mexico
3.2 2.8 1.8 0.7 13 1.9 03 0.4

Sources: Local Public Enterprise Database (March 2006, Ministry of Internal Affairs and Communication, Japan); Tunisia, London, Berlin, Brussels,
Damascus, and Jedda (counry reports); Singapore (estimate by the PUB website tariff table); Other Countries (Water Supply and Sanitation Working
Notes No. 9, May 2006).

Notes: The average tariff of Singapore is estimated on the tariff structure on the PUB website. The tariffs of Japanese water and wastewater are combined
for international comparison with some assumptions.
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Ultilities do not have the authority to raise tariffs without approval
from municipal councils. However, they can put forward proposals
for tariff increases based on their overall revenue requirements. As in
other countries, the decision to raise tariffs sometimes gets delayed
or even reversed due to political considerations. Nevertheless, most
utilities have been able to achieve financial balance through periodic
tariffincreases (every 3—4 years). Furthermore, Japan’s negative infla-
tion rate—which changed from —0.9 percent in 2003 to —0.3 percent
in 2006—also meant that, even in situations in which tariffs did not
increase, the overall financial performance of water and sewerage
utilities did not significantly deteriorate.

Keeping Unaccounted-for Water Very Low in Both Water
and Sewerage Utilities

Water utilities and unaccounted-for water

Almost all water supply utilities have achieved very low
unaccounted-for water (UFW). The national UFW average is 8.5
percent. The most competent utilities, such as Tokyo and Fukuoka,
have attained approximately 5 percent. This low percentage of UFW
is highly significant compared to losses in the range of 15 percent—40
percent for water utilities in many countries globally, including devel-
oped countries. Table 8.5 compares water utilities’ UFW in Japan
and other countries.

Table 8.5 Unaccounted-for Water (%)

Japan Shiraz Campinas Guanajuato
Tokyo Sapporo Kyoto Fukuoka average | Singapore UK Philadelphia Tunisia Iran Johannesburg Brazil Mexico
5.8 9.1 139 51 85 48 15.0 32.0 202 350 35.0 26.0 37.0

Sources: Local Public Enterprise Database (March 2006, Ministry of Internal Affairs and Communication, Japan); UK data from OFWAT Annual Report
(2005); Iran (county report); Other Countries (Water Supply and Sanitation Working Notes No. 9, May 2006).

Procedures are in place to minimize physical losses. Water utilities
generally repair surface leakage on the same day that a problem is de-
tected on a 24-hour operational basis. They regularly detect potential
underground leakage by electronic and correlation-type detectors. They
also have been upgrading distribution pipes from cast iron to ductile
iron, and service pipes from lead to stainless steel.

Thanks to Japan’s high operational standards and customer service,
most water utilities maintain their administrative UFW at almost nil. In
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2006 the nationwide average was 1.5 percent. Ifrequired, the utilities
easily can exert their authority to cut off' water supply to defaulters.
However, disconnection is very rarely required, because customers pay
their bills. Defaulting customers are automatically disconnected.

The Tokyo Metropolitan Water Bureau is perhaps one of the best-run
utilities in the world. UFW stands at approximately 5.8 percent with
100 percent coverage of a population of approximately 12 million. The
average daily water supply volume is approximately 4.4 million m?, and
the total length of distribution pipes is 24,782 kilometers (km).

Sewerage utilities and unaccounted-for water

All sewerage utilities/departments measure the amount of treated
wastewater and compare it to the amount of sewerage for which
treatment fees are collected. They calculate the UFW using a con-
cept similar to that used for water supply. No collected wastewater is
discharged without treatment. T he national average UFW is 17 percent
and 12 percent, respectively, for enterprise utilities and nonenterprise
utilities. Tokyo’s UFW is approximately 9 percent, whereas Sapporo’s
is close to 30 percent. The higher UFW of the latter may be attributed
to underground water leakage into sewer networks or erroneous con-
nection of rain sewers to sewage sewers. Very few other countries
conduct this level of UFW measurement in sewerage systems.

Clarity in Accounting for Recurrent and Capital Costs

Water supply services

Water supply utilities” accounting systems are a powerful management
tool. Table 8.6 breaks down the O&M costs of several water supply
utilities and the national total. The costs are clearly distinguished be-
tween (1) operational costs and (2) capital costs, including depreciation
costs and bond interest costs.

The relationship between costs and revenues is immediately ap-
parent. While Tokyo’s water tariff (approximately US$2.6 billion) fully
covers operational costs, the tariff of the 3 other visited cities and the
national average do not fully cover capital costs (see Cost Recovery
section below). The balance of approximately 5 percent is covered
by the investments and subsidies from the municipalities’ general
accounts.

Table 8.7 shows the 2006 unit operational and capital costs of water
production in comparison with the water tariff. The national average tariff
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Table 8.6 Income Statement of Water Supply Utilities, March 31, 2006 (USS mil)

Cities Tokyo Sapporo Kyoto Fukuoka National total
Personnel expenses 385 66 76 29 4,158
Energy expenses 77 3 6 4 871
Repair expenses 510 43 19 17 1,686
Chemicals/materials 66 14 10 3 519
QOutsource fee 238 40 9 40 1,735
Bulk water purchase 0 0 0 19 1,415
Others 377 31 17 19 2,060
Operation costs 1,655 199 139 131 12,444
Bond 195 67 52 47 3,759
Depreciation costs 609 97 81 73 7,261
(apital costs for bulk water 0 0 0 42 2,440
Capital costs 804 164 133 163 13,460
Total 2,458 363 272 294 25,904
Water tariff 2,641 346 254 283 24,987
General & other accounts 213 28 19 6 1,357
Miscellaneous 93 5 1 20 1,347
Total 2,947 378 275 310 27,691
Surplus/deficit 489 16 3 15 1,788

Note: The exchange rate was US$ = JPY115 during the August 2007 mission.

Table 8.7 Water Cost Recovery: Unit Production Cost and Tariff, March 31, 2007 (US$ per m’)

Cities Tokyo Sapporo Kyoto Fukuoka Japan Average

Unit production costs 1.62 2.00 1.47 2.09 137
Unit operation costs 1.09 1.09 0.75 0.93 0.65
Unit capital costs 0.53 0.90 0.72 1.16 0.72

Unit average tariff 1.74 1.90 137 201 133

Notes: USS = JPY 115 in August 2007.
Unit production costs = Unit operation costs + unit capital costs (depreciation and bond interests).

was US$1.33/m?, while the average production cost was US$1.37/m3.
These figures show that the cost recovery ratio (including capital por-
tion) was approximately 97 percent.

Sewerage services

As for water supply, sewerage utilities’” accounting systems provide a
powerful management tool, enabling the comparison of costs and rev-
enues. Table 8.8 breaks down O &M costs of several water sewerage
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Table 8.8 Income Statement of Sewerage Utilities, March 31, 2006 (USS mil.)
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Tokyo Sapporo Kyoto Fukuoka National enterprise total
Personnel expenses 248° 41 50 13 1,058
Energy expenses 90 13 " 9 348
Repair expenses 211 14 6 9 481
Chemicals/materials 13 7 4 4 120
QOutsource fee 238 56 36 65 1,058
Others 116 9 22 32 755
Total operation costs 915 140 129 131 3,821
Bond interests 700 104 158 150 3,697
Depreciation costs 989 137 163 140 4,250
Total capital costs 1,690 241 320 290 7,947
Grant total costs 2,604 381 450 420 11,768
Sewerage service tariff 1,487 176 230 233 6,280
Rain storm discharge fee® 1,215 187 177 148 4073
Other operation revenue 57 2 7 6 209
General accounts subsidy 59 12 41 31 1,504
Miscellaneous 20 1 1 2 119
Total revenue 2,837 378 456 420 12,185
Surplus/deficit 233 -3 6 0 417

Notes: USS = JPY115 in August 2006.
a Tokyo figures refer to 23 wards only.
b Rain storm discharge fee is paid by cities'general accounts.

utilities. For sewerage utilities that adopted the corporate financing
system under the Local Public Enterprise Law, costs are clearly dis-
tinguished between (1) running costs and (2) capital costs, including
depreciation costs and bond interest costs.

The management accounting framework makes it possible for cost-
sharing schemes to be established for wastewater-and-stormwater-
combined operations. While the wastewater collection and treatment
portion is fully covered by the sewage tariff, the stormwater portion
is covered by the municipal general budget. The sewage tariff covers
on average 53 percent of sewerage running and capital costs at the
national level. An additional 35 percent of the budget is supplemented
by the local government general accounts.

Table 8.9 breaks down sources of investment funds for four major
utilities and the national total in Japan’s FY05 budget. The national
average bond share was 48 percent, which was higher than that for
water supply. The national average subsidy share was 38 percent for
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Table 8.9 Construction and Improvement Budget Sources of Sewerage Works, March 31, 2006 (USS mil.)

National Enterprise Nonenterprise

Tokyo ~ Sapporo  Kyoto  Fukuoka total national total  national total
Enterprise bonds 478 106 106 139 9,950 3,000 6,950
National subsidies 314 62 63 79 7,944 1,992 5,953
Other works/beneficiaries share 68 N 5 4 1,344 266 1,078

General accounts support

and other revenue 317 6 M 21 2,205 894 1,310
Total investment budget 1,177 185 185 243 21,443 6,152 15,291

Notes: USS = JPY115 in August 2007.
a Tokyo figures refer to 23 wards only.

b National total is the sum of (a) enterprise national total and (b) nonenterprise national total.

sewerage—also much higher than that for water supply. The balance
was covered by the municipal general account. The reliance on bonds
and subsidies was a result of the delayed development of the sewerage
systems.

Table 8.10 shows unit sewerage running costs and capital costs, as
compared with the sewage tariff. Table 8.10 deals only with wastewater
collection and treatment costs, since stormwater discharge costs are
fully covered by the municipal general account.

Table 8.10 Wastewater Cost Recover: Unit Operation Cost and Tariff (USS/n7’)

Tokyo Enterprise Nonenterprise
Unit costs 23wards  Sapporo Kyoto  Fukuoka  Shiga  national average  national average
Unit production costs 1.02 0.81 1.00 1.76 3.33 1.29 242
Unit operation costs 0.49 0.44 0.40 0.60 1.19 0.49 0.76
Unit capital costs 0.54 0.37 0.61 1.15 2.14 0.80 1.66
Unit average tariff 1.20 0.84 1.14 1.58 1.92 1.17 1.13

Notes: USS = JPY 115 in August 2007.
Unit production costs = Unit operation costs + unit capital costs (depreciation costs and bond interests).

The sewage tariff ranges between US$0.8/m3-1.9/m?>. The national
average total cost is approximately US$1.3/m?for enterprise utilities and
US$2.4/m3for nonenterprise utilities. Based on these, the national aver-
age cost recovery rate (including capital costs) is 91 percent for enterprise
utilities and 47 percent for nonenterprise utilities. Recurrent costs are fully
covered by all utilities. The working ratios are 0.42 and 0.67, respectively,
for enterprise and nonenterprise utilities. In general, large cities, such as
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Tokyo, can recover all costs, including the capital portion, through the
sewage tariff. In contrast, in rural areas, such as Shiga, and many other
nonenterprise areas, it is not easy to collect an adequate level of sewage
tariff to fully meet costs. Their unit costs, particularly capital costs, are
much higher than those of urban areas. The difference reflects the fact
that these rural utilities developed their systems in much more scattered
areas with smaller economies of scale and, in recent years, without a
historically developed infrastructure stock.

The sewage tariff is generally set lower than the water tariff,
despite the fact that sewerage system development costs are higher
than those of water supply systems. This differential reflects the pub-
lic’s willingness to pay. People are more willing to pay a higher tariff for
drinking water than for wastewater. In these circumstances, some rural
sewerage utilities become very dependent on funds from the municipal
general account. This dependency is negatively affecting municipalities’
financial status and their ability to provide other public services.

Making Available Several Investment-Financing Options for Water
and Sewerage Utilities

Most water supply and sewerage utilities mobilize external funds in
addition to internal funds. Three major external financing sources are
available.

Bonds

Utilities issue bonds with the authorization of and backed by municipal
governments. Some wealthy municipalities’ financial standing is very
good. The Tokyo Metropolitan Office’s credit rating is AAA. Although
utilities do not issue bonds on their own credentials, some strong utili-
ties would be able to secure funds on their own financial credentials
if allowed to do so.

National subsidy

The national ministries subsidize investment for large-scale infrastruc-
ture. For waterworks, the Ministry of Health, Labor and Welfare
subsidizes up to one-third of investment costs for large-scale systems
development and renovation as well as to introduce advanced treat-
ment systems. For sewerage works, the Ministry of Land, Infrastruc-
ture and Transportation subsidizes 55 percent of the construction of
treatment plants and 50 percent of pipe-networks development. For
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integrated basin-level sewerage systems, which collect sewage from
more than 2 municipalities, the subsidy rate increases to 60 percent
of the construction of treatment plants. As noted earlier, the total
allocated amount of national subsidies is much higher for sewerage
systems than for water supply systems.

National tax allocation to local governments

The Ministry of Internal Affairs and Communication allocates block
grants from national taxes to local governments. This national tax
allocation to local governments is designed to ensure the national
minimum standards of public services, particularly for smaller rural
municipalities that have few other sources of revenue. Among the
many parameters of the allocation criteria, the value of municipality
bonds issued for infrastructure development, including water and
wastewater systems, is taken into account. The grant is not allocated
directly to water and sewerage utilities’ accounts but to the general
accounts of local governments. Nonetheless, the grant works as an
incentive for local governments to issue bonds for infrastructure
development.

Good Sector Governance and Accountability Mechanisms

Japanese water utilities have established accountability mechanisms
that combine the merits of both private and public entities: (1) the
high economic efficiency and financial autonomy of the private sec-
tor and (2) the oversight functions of the public sector. Most utilities
in Japan set well-defined targets for key performance indicators. For
water utilities, they typically include total revenue, water production,
drinking-water quality, customer service, financial performance, water
consumption, and new connections. Water supply utility commission-
ers are accountable to the municipal councils for achieving the targets.
The directors general of sewerage utilities/departments report to the
heads of municipalities, such as mayors.

Japan has a strong tradition of utilities being accountable to local
elected officials and of transparent information-sharing. The munici-
pal councils or mayors are kept informed of the utility’s operations by
the commissioner or director general and review its annual/quarterly
operational reports. However, they do not interfere in the daily opera-
tions. Most municipalities have established strong reporting frameworks,
including financial audits and annual and periodic performance status
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reports. All of these reports are incorporated in the annual reports and
are made available at public offices and on websites.

To ensure competitive prices and flexibility in purchasing, the utilities
generally follow public procurement regulations. To enhance account-
ability, utilities are subject to technical and operational audits, not just
financial audits, and have active internal audit departments.

Use of nationwide benchmarking to ensure accountability

The Ministry of Internal Affairs and Communication administers the
Local Public Enterprise Law. The ministry leads an annual standardized
national benchmarking exercise for all water supply and wastewater utili-
ties. The benchmark database of all utilities for every year is published on
the website of the ministry and municipalities. The benchmarking items
total more than 100. They include service quality, financial efficiency,
water losses, energy costs, revenue collection, financial performance,
and other operational efficiency and performance indicators.

The national benchmark exercise provides an opportunity for
municipalities and utilities to monitor their own performance status
as well as improvements across the country. The exercise thus makes
them more accountable to their constituents because comparative
results can be made regularly available to the public. This chapter has
benefited from the national benchmark database in addition to the
information collected directly from visited utility offices.

Customer service ingrained as a key part of utility culture
Although Japan’s water supply and sewerage utilities are monopolistic
service providers, they are very responsive to their customers. Important
aspects of customer orientation include friendliness of the customer bill-
ing and collection system, orientation toward seeking customers’ opinions,
timely information to customers on water service disruptions/changes, and
response to customers’ complaints. Many utilities operate a one-stop call
center for customers to take care of water service disruptions, reloca-
tion, new subscriptions, and payment. Some utilities open customer
windows for extended times, for example, to 8:00 p.m. on weekdays
as well as Saturday hours. The utilities also establish water repair
squads to conduct emergency repair and interrupted service recovery
within 24 hours.

As described earlier, water utilities usually offer multiple options
by which their customers can pay their water and sewage bills. The
options include electronic funds transfer and payment at commercial
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banks, postal offices, and convenience stores. Customers can make
service requests on the utility’s website.

Effective Management of Human Resources

Personnel management is highly meritocratic. The commissioners or
directors general of utilities are appointed by the mayors of municipali-
ties on the basis of expertise and experience. Some are selected from
among respected in-house career officials. Staff salary and promo-
tions are based on performance, academic credentials, and seniority
reflecting overall experience. The third criterion provides incentives
for staff'to stay with the same utility. The average service duration of
career staff of water and sewerage utilities is approximately 25 years.
Staff are rotated within each organization to enable them to obtain
wider experience. Those who display high potential are groomed for
promotion. Staff turnover is very low and is due mostly to mandatory
retirement.

Staff skills and employee innovation are regarded as critical inputs to
improve performance. Most utilities provide ample career development
and training opportunities to their staff, which also keep turnover
low. An extensive training plan covers professional skills development
and corporate culture. The utilities provide various kinds of training
programs for their staff as part of their annual performance review.
The emphasis is on frontline staff who come into direct contact with
customers and/or contractors.

Innovation and knowledge-creation are important features of the
water sector’s corporate culture. Some utilities plan technology develop-
ment projects on a pilot scale and even obtain patents for successful
pilots. Other utilities have built their own training facilities and field
stations. Furthermore, the government-affiliated agencies and as-
sociations, such as Japan Waterworks Association, Japan Sewerage
Works Agency, and Japan Sewerage Association, have contributed
studies for developing new technologies and disseminating technical
guidelines and manuals. These publications are particularly useful for
smaller utilities in rural areas that do not posses adequate numbers
of technical staff.

As a result, staff productivity is high. For water supply and sewer-
age utilities combined, the average is 2 staff per 1,000 connections.
Each utility maintains the staff level of | per 1,000 connections. This
rate is much smaller than that of utility companies in other advanced
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countries. Table 8.11 compares the water utility staff level per 1,000
connections between Japan and other countries.
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Table 8.11 Number of Employees per 1,000 Connections

Japan Campinas Guanajuato
Tokyo Sapporo Kyoto Fukuoka average | Singapore Philadelphia Tunisia Johannesburg  Brazil Mexico
1.7 1.6 25 1.1 19 29 4.4 8.0 4.7 4.1 8.0

Sources: Local Public Enterprise Database (March 2006, Ministry of Internal Affairs and Communication, Japan); Tunisia (Country Report); Other Countries

(Water Supply & Sanitation Working Notes No.9, May 2006).

Note: The number of Japanese water and wastewater utilities staff are combined for international comparison. The household connections are counted
as 1 for both water supply and sanitation although they can physically counted as 2, i.e., one for water supply and another for wastewater. The number

of outsouced workers are not included as the number of reqular staff for the Japanese utilities.
Use of Outsourcing Wherever Possible

While most utilities keep core business functions in-house, they have
engaged private contractors whenever necessary. Typically, outsourcing
takes place for (1) routine O &M of treatment plants and network pipes,
(2) checking and executing repair works, (3) engineering design and con-
struction supervision, (4) information and telecommunication technology
services, and (5) metering and billing. The average outsourcing ratio for
water supply utilities is approximately 15 percent; that of sewerage utili-
ties is approximately 30 percent. The utilities gradually are increasing
the outsource percentage through natural attrition of in-house career
staff. Table 8.12 compares the outsourcing percentage of operational
expenditures between the Japanese and international cases.

The 1999 Private Finance Initiative Law encouraged public and
semipublic entities to test private sector participation. Several utilities
have begun trials of privatization and market testing. Some utilities
are piloting innovative large-scale privatization schemes to build and
operate specialized facilities, such as cogeneration power plants and
sludge treatment and recycling plants. However, private funding of
major investments remains the exception.

Table 8.12 Outsource Ratio of Operational Expenditures (%)

Japan Campinas Guanajuato

Types Tokyo Sapporo Kyoto Fukuoka average | Type

Water 14 20 7 30 14
Wastewater 26 40 28 49 28

Combined 25 10 21

Singapore Johannesburg  Brazil

Mexico

20

Sources: Local Public Enterprise Database (March 2006, Ministry of Internal Affairs and Communication, Japan); Water Supply and Sanitation Working

Notes No. 9, May 2006.
Note: The Japanese average of wastewater is based on local autonomous enterprise entities by law.
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Other semipublic supporting agencies and associations

Some semi-public agencies support utilities. Based on prefectural or
municipal utilities’ requests, the Japan Sewerage Works Agency provides
technical support for construction, maintenance, and management of
main facilities, such as wastewater treatment plants and pumping stations.
The agency also conducts experiments, research, and training sessions.
These activities are particularly important for small municipalities, as
they do not have enough staff with the requisite management and
technical skills.

The Japan Waterworks Association and the Japan Sewerage Works
Association carry out surveys and research related to water and sew-
erage systems. They also help raise public awareness and disseminate
information. In particular, the Japan Waterworks Association serves as
the think-tank for the Ministry of Internal Affairs and Communication
and municipalities by preparing technical design manuals and guidelines,
and organizing technical conferences and workshops.

Focus on Total Water Quality Management

Japan’s combination of central government regulation and corporate gov-
ernance ensures attention to quality in all aspects of water management.

Drinking water quality management

Tap water is safe to drink anywhere in Japan. To maintain strict drinking
quality standards, water utilities prepare and execute water quality
examination plans. Each plan specifies the parameters to be analyzed
and the frequency of analysis. The analyzed results are disclosed in the
utility’s annual report and/or regularly posted on the internet.

Water utilities in some areas adopt advanced water treatment
methods, such as ozone treatment and biologically activated carbon-
absorbing treatment, to eliminate odor, trihalomethane precursor, and
other particulates that cannot be sufficiently removed by conventional
treatment processes such as rapid sand filtration. Water utilities have
installed automatic quality-monitoring devices at various points in wa-
ter supply areas to continuously monitor residual chlorine. In addition,
regular water quality analysis is conducted at rivers and reservoirs.

Water distribution optimization and leak detection
Most utilities have developed extensive water distribution pipe net-
works. The water supply system is monitored around the clock at the
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operations center to adjust to changing water demands. The utilities
use operations systems, such as water distribution planning support
systems, and dam inflow simulation and reservoir operation optimiza-
tion systems.

Water utilities typically develop water supply operational plans
that consist of a (1) water intake plan, (2) water main networks op-
eration plan, and (3) pumps operation plan. The utilities also have
developed water demand forecast programs with parameters such
as weather conditions, time, day of the week, and holidays. These
plans apply to both ordinary days and emergencies, accidents, and
drought periods.

Some advanced utilities, such those as Fukuoka and Tokyo, have
developed more advanced water distribution systems to regulate
pressure and flow in distribution pipes. Such regulation promotes the
effective use of water and minimizes water leaks. This system uses
pressure gauges and flow meters that have been installed throughout the
city. These measuring devices enable the Water Distribution Control
Center to monitor conditions within the pipes on a 24-hour basis via
telephone lines. Based on the information obtained from the gauges
and meters, the motorized valves can be opened and closed remotely
to regulate water pressure and flow. The system can automatically
detect pipe bursts by checking the rate of flow and pressure changes
and their correlation. If the abnormality continues above set thresholds,
the system warns the operations center and site offices.

Seismic design and preparedness

Japan is prone to earthquakes. Water utilities have taken various mea-
sures to ensure the best possible water supply for citizens immediately
after earthquakes. Utilities have set high antiseismic design criteria for
physical infrastructure and established emergency operation systems.
They also have built auxiliary power plants and emergency water supply
basins and tanks to secure water supply during emergencies.

Wastewater treatment standards

The water quality of discharged effluent from sewerage treatment
plants is regulated by the Sewerage Law. Among many parameters,
the limit for the BOD of effluents is set at 20 mg/l. For most sewer-
age treatment plants, the BOD of treated effluents outflow is below
5 mg/l—much lower than the regulatory limits. The BOD of inflowing
raw effluents typically ranges between 100 mg—200 mg/liter.
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Figure 8.3 High Industrial Water Recycle Rate: Significantly
Reduced Water Demands and Pollution Loads, 1960-2000

Basin-wide water quality control plan

The Water Pollution Control Law requires local governments to set
environmental quality standards for each control point of rivers and
lakes to meet the water quality requirements for the environment and
human health. A comprehensive basin-wide water quality manage-
ment approach is employed to reduce pollution and meet the required
water quality level. Based on the required amount of pollution load
reduction, local prefectural governments prepare a Comprehensive
Basin-wide Sewerage System Development Plan. This plan specifies
the basic parameters of sewerage collection and treatment systems in
the basin. Sewerage utilities and environment departments coordinate
closely to prepare the plan and monitor water quality.

Industrial pollution control

The Sewerage Law also stipulates water quality standards for effluents
discharged by specified industrial factories/plants into sewerage treat-
ment plants. In most cases, the maximum values of BOD and suspended
solid (SS) are set at 600 mg/l, and heavy metals are strictly controlled.
The specified factories and other commercial facilities, such as hotels,
livestock farms, and cleaning businesses, are required to install onsite
pollution control facilities to meet the quality standards.

The Sewerage Law and the Water Pollution Control Law require local
governments to conduct onsite inspections and compliance monitoring
without notice and, if required, to provide administrative guidance and
improvement orders. The owners could face imprisonment of up to 6
months and/or be fined up to $2,500 if they do not follow the improve-
ment orders, such as installation of pollution treatment facilities at the
plant. As noted earlier, local governments provide grant subsidies and
interest-free loans to the owners
to install required pollution control
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8.3). From the 1960s through the 1980s, Japan’s rivers and lakes were
heavily polluted by rapid economic development. Over the past 20
years, however, water quality has been significantly improved thanks
to the increase in industrial water recycling and the rapid development
of sewerage management systems.

Treated wastewater recycling

The direct recycling rate of sewage effluent is very low (approximately
1.4 percent), except for toilet-flushing water and environmental flow
augmentation in small rivers and canals in some urban districts. How-
ever, in most urban areas, indirect recycling through river systems is
quite common. Treated sewage effluent discharged to rivers is quite
important for augmenting river environmental flows and thus for
maintaining the ecology and scenic environment of rivers. Treated
effluent is also important for supplying water to downstream water
users. Historically, many cities and towns have been developed along
rivers and rely on the natural water recycling system between the
upstream and downstream of rivers. In some urban rivers, more than
50 percent of river water flow originates from treated effluents from
sewerage treatment plants upstream.

Sludge treatment

Most sludge from treatment plants is dehydrated and incinerated to
ashes, reducing the volume to approximately 1/40—1/50 of the original.
In 2003, on average nationally, sludge was used for (1) landfill after
incineration (approximately 40 percent), (2) construction materials
after melting of incinerated ashes to sludge (approximately 40 percent),
and (3) farmland improvement materials after dehydration of sludge.
These operations are subsidized by government for environmental
reasons.

Stormwater discharge

One of the important roles of a sewerage system is to prevent floods. A
comprehensive flood-prevention master plan is prepared to define the
required flood runoff'and storage capacity. In some flood-prone areas,
underground stormwater storage pipes and reservoirs are constructed
under roads. Shield tunneling is used to build large tunnels and storm-
water pipes. Permeable road pavements, onsite storage, and retarding
ponds at schools and parks also are constructed to reduce flood peak
volume. Technical coordination is established for urban flood control
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between sewerage utilities and river administrators to ensure the proper
operation of drainage pumps and other flood control facilities.

The operations of treatment plants and pumping stations are based
on information from rainfall radar and telemetry water-monitoring
systems. Citizens can access the same information on the utilities’
websites.

By March 2005, of'a total of 1,896 systems, Japan had 23 combined
wastewater/stormwater systems and 1,873 separate systems. Combined
systems sometimes allow untreated wastewater to be discharged to
public water bodies during flood periods. They therefore need to be
upgraded to reduce heavy pollution loads from the first flush of flood
water by building flood-storage facilities.

Electronic sewer registration database

Some advanced utilities have established computerized asset manage-
ment systems. Tokyo Sewerage Utility has developed an electronic
sewer mapping system at 1/500 scale indicating all sewer locations,
depths, diameters, and types. All users can access this information on
the Internet. This online data is useful in coordinating with other under-
ground utility lines and assisting contractors’ designs and scheduling

Water resource management
Effective coordination among institutions underpins the success of Japan’s
water resource management.

Despite the country’s high rainfall, water resource management
is an important challenge in Japan. Some Japanese regions are faced
with water scarcity due to high population density. For example, the
renewable water resource of the Kanto area, which includes the Tokyo
metropolitan area, is only 905 m3per year per capita, which is equivalent
to that of Egypt. In the early 1960s, Tokyo faced chronic water short-
ages and had to cut approximately 45 percent of water supply to up
to nearly | million households. During the scarcity, people used to call
the city the “Tokyo Desert.” Moreover, because of steep terrain/river
bed slope and a high fluctuation of rainfall among different seasons,
river flows and water resources are difficult to regulate and manage
without storage dams in the upstream reaches of rivers.

Dams thus have played an increasing role in ensuring Japan’s water sup-
ply. The share of water resources from dams increased from 19 percent
in 1970 to 45 percent in 2005. In 2005 the number of dams with a height
of more than 15 meters was 2,897, of which 627 were dams whose
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functions included storing water for drinking. Other dams were used for
flood control, irrigation water supply, and hydropower generation.

River Management: Water Rights and Discharge Permits

The River Bureau of the Ministry of Land, Infrastructure and Trans-
portation plays a pivotal role in water resource management. The River
Law covers (1) flood control, (2) water use, and (3) water environment.
The River Law designates the ministry’s regional river bureaus and river
management offices as “river administrators.”® The law requires them
to issue water rights and discharge permits based on the current and
future water balance of river basins. The river administrators also are
responsible for issuing permits for the installment/construction of any
hydraulic structures and land use in rivers.

Comprehensive water resources development

The Specified Multipurpose Dams Law and Water Resources Develop-
ment Promotion Law were legislated in 1957 and 1961, respectively. The
former law stipulates the procedure for the execution of multipurpose
dam projects, including cost allocation among participating parties. The
latter law requires the preparation of comprehensive water resources
development master plans for 5 (then 6) major basins, including Tokyo,
Kyoto/Osaka, Nagoya, and Fukuoka. In 1962 it also established the
Public Water Resources Development Corporation to execute major
multipurpose dam projects in the designated basins. In 1973 the Dam
Reservoir Resettlement Area Special Measures Act was enacted to
provide stronger financial and technical support for the residents in
upper watersheds who were to be relocated due to dam reservoir
inundation.

Conclusions and Lessons

Japan has achieved the highest standards of water and sanitation service
through a combination of sound institutional regulations, a strong work
ethic, and the use of technology. From the evidence presented, the

¢ The River Law was enacted in 1896 with an emphasis on flood control. It was
amended in 1964 to fully address water use and allocation, and again in 1997 to
address the environmental aspects of rivers. The 1997 amendment requires river
administrators to establish multistakeholder river councils and, through the council
meetings and public hearings, to develop basin management plans for all rivers.
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reader can observe that the performance of Japan’s utilities benchmark
with the best in the world.

Does Japan’s experience provide any lessons for the MNA region’s
utilities? There are clearly many factors that are different, notably, the
homogeneous nature of Japanese society, the availability of adequate
public financing in this second-largest economy in the world, and a
unique work ethic.

Nevertheless, several lessons could be relevant to MNA in the
sense that water supply and sanitation policies have combined sound
principles of public finance with local political and cultural institutions.
To summarize, these lessons are:

1. Clarity in roles and responsibilities, which leads to a very high
degree of external and internal accountability (chapter 2 of this
volume).

2. Clear distinction between the public good and private good aspect,
so that the financing burden is shared among the national govern-
ment, local governments, and users.

3. Use of standard technical and financial indicators of utility per-
formance that creates “peer pressure” among utilities to improve
their performance.

4. Completely nonideological use of public-private partnerships
through outsourcing contracts.

5. Last but not least, maintaining excellent links between the service
provision aspect and the resource management aspect through an
integrated planning process that fully respects the ABCDE principles
described in the Introduction to this volume.



Tunisia’s Experience in Water
Resource Mobilization

and Management
Mohamed El Hedi Louati and Julia Bucknall

Introduction

Water is scarce, and its availability is also highly variable. In addition
to its long history of earthquakes, hailstorms, and plagues of locusts,
Tunisia has always suffered from droughts and floods. They are hard to
predict as they do not follow any clear cyclical pattern. For more than
a century (1640-1758), Tunisia had no droughts, whereas in modern
times, it has had approximately 30. Over the centuries, the successive
civilizations who have lived in Tunisia have developed management
systems to cope with the risks of floods and droughts. They were not
always successful. A series of severe droughts in the area that is now
Tunisia lasted for approximately a decade from 870 CE. By the end
of these droughts, the local administrator wrote that prices of wheat
had increased steeply; and food had become so scarce that people had
resorted to cannibalism (Talbit 1985, 112).

Managing this scarce and variable water supply is critical for Tunisia’s
development. The country engages in extensive political debate and
strategizing, and the government has invested heavily in measuring,
mobilizing, and managing resources. This chapter highlights Tunisia’s
progress in managing water, showing the evolution from traditional
practices to large government-led investments to store and transfer
water (which could be characterized as “physical engineering”). The
latter led to a third stage, beginning around the turn of the millennium,
which continues physical investment but increases the emphasis on
water management (and therefore could be characterized as “insti-
tutional engineering”). Many aspects of Tunisia’s experience could be
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improved, but, on the whole, this chapter suggests that Tunisia is an
example of good planning and management.

Availability of Water Resources

Tunisia is one of the countries in the Mediterranean basin least well-
endowed with water resources. The potential volume of available water,
4,836 Mm? per year, is less than 500 m? per inhabitant per year. This
ratio will decline to 360 m? by 2030, when the population will have
grown to approximately 13 million.

To manage variable supplies, Tunisia balances surface and ground-
water stocks and flows within and between years. It uses dams and
groundwater reserves to store surplus water in wet years and uses
these stocks in dry years.

It also must distribute the water between different parts of the
country. Maintaining a regional balance has been and will remain an
essential element in Tunisia’s water supply planning and management.
The population is concentrated along the coasts, where cities, industry,
and tourism are well developed. Agriculture is the largest water user
and is located throughout the country except in the southern desert.
However, the country’s water supplies come mainly from the north
and the interior of the country. Water transfers, therefore, have been
a salient feature of Tunisia’s long history from the Roman aqueduct at
Zaghouan (built in 72 AD) to the modern-day Mejerda-Cap Bon Canal
(1982), whose distribution networks go all the way to Sfax.

On a national scale, water resources are distributed unequally.
Table 9.1 illustrates the geographic distribution of different categories
of water in Tunisia. Eighty-one percent of the country’s resources
are in the north, 1l percent in the center, and only 8 percent in the
south.

Table 9.1 Spatial Distribution of Water Resources in Tunisia (Vm’/yr)

Far North North Center South Country total
Supply of surface water (Mm?/yr) 960 1230 320 190 2700
Groundwater (Mm?/yr) 395 216 108 719
Deep groundwater (Mm?/yr) 269 326 822 1417
Total potential resource (Mm?/yr) 2854 862 1120 4836
% 59 18 23 100

Source: DGRE 1995.



Tunisia’'s Experience in Water Resource Mobilization and Management B 159

Tunisia shares international surface water in the form of some riv-
ers along the western border with Algeria. The two countries have
reached agreements on how to mobilize and use this water, including
agreeing the annual volume available in the relevant basins and how
to distribute it between the two countries. These countries also have
established a monitoring system, which enables both countries to track
pollution as well as water volumes for the main international river, the
Mejerda.

In addition, the country has a considerable volume of international
groundwater, located in the

Figure 9.1 Cooling Tower Bringing Geothermal Water from the
Sahara Down to a Temperature Usable in Irrigation

Djeffara coastal basin shared
between Libya and Tunisia and,
most importantly, in the North-
west Saharan Aquifer System,
shared between Algeria, Libya,
and Tunisia. The latter has more
than one Mkm? of water with
very limited recharge, of which
some 80,000 km3are in Tunisia.
Three countries have estab-
lished a commission to monitor
this aquifer and have agreed to

cooperate on its management to  Photo: Julia Bucknall.

minimize cross-border impacts.

Thisis | of only 2 such agreements in the world. Tunisia uses water from

this aquifer to irrigate greenhouse vegetables and dates (figure 9.1).
Tunisia’s water policy aims to contribute to sustainable socioeco-

nomic development while balancing two conflicting facts:

I.  Limited water supplies and increasing cost to generate or store and
transfer additional resources
2. Growing demand for water.

The variability in water availability between years is huge. Dur-
ing the past few decades, the maximum potential volume of surface
water was |l billion m?® in 1969-70, and the minimum was 780 Mm? in
1993-94. Variability is high everywhere but much higher in the South.
In the North, the wettest year was nine times wetter than the driest
year. In the South, 180 times more water was available in the wettest
year than in the driest.
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This highly irregular supply affects the country in the form of floods
and shortages of varying seriousness. However, the infrastructure
available in recent decades has enabled Tunisia to store and transfer
water, thus reducing the impacts of both flood and drought.

As monitoring has improved, and particularly as hydrogeologists
have discovered larger volumes of groundwater available, the estimates
of the amount of water potentially available in Tunisia grew substantially

between 1968 and 2007 (table 9.2).

Table 9.2 Tunisia: Estimates of Potential Water Supplies, 1968-2007 (Mm’/yr)

1968 1972 1980 1985 1990 1996 2000 2005 2007

Surface water 2000 2000 2580 2630 2700 2700 2700 2700 2700
Groundwater 160 230 490 590 670 720 737 745 745
Deep groundwater 600 900 1030 1100 1170 1250 1399 1419 1419
Total 2760 3130 4100 4320 4540 4670 4836 4804 4804

Sources: DGRE-MARH.

Despite the increase in known resources, estimated water availability
per capita is declining (table 9.3). For groundwater, the calculation of
water available refers to the maximum volume of water that can be
extracted annually from the country’s groundwater resources under
prevailing technical and economic conditions without leading to the
long-term exhaustion of the underground resource base. For surface
water resources, the calculation takes into account resources available
for annual extraction in 95 percent of years.

Table 9.3 Tunisia: Change in Estimated Per Capita Long-term Water Availability, 1995-2005 (Mm®/yr)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Surface water (Mm*/yr) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2200
Groundwater (Mm?/yr) 720 720 720 720 720 737 737 737 737 737 745
Deep groundwater (Mm*/yr) 1211 1217 1217 1225 1377 1399 1403 1403 1397 1411 1420
Total resources (Mn/yr) 4031 4037 4037 4045 4197 4236 4240 4240 4234 4248 4365
Population (mil) 8957 9.089 9215 9333 9456 9563 965 975 984 993 10.03
Availability by inhabitant 450 444 438 433 444 443 439 435 430 428 435
(m?/inhabitant/year)

Source: INS and MARH.

Tunisia has water quality problems in addition. Less than half of the
country’s resources have less than 1.5 g/l of salt and therefore meet
health and agronomic standards. Of this water with reasonable salinity
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levels, 72 percent is surface water, 20 percent deep groundwater, and
scarcely 8 percent groundwater (tables 9.4 and 9.5). Surface water
thus is used both for direct consumption and to improve the quality
of other categories of water.

Table 9.4 Breakdown of Salinity of Water Resources (%)

Salinity<1,5¢/1 1,5<Salinity>3g/I Salinity>3g/1 Total
Surface water 72 22 6 100
Groundwater 8 32 60 100
Deep groundwater 20 57 23 100
Total 47 34 19 100

Source: Mamou 1993.

Table 9.5 Breakdown of Water Resources Regarding Salinity in Relation to Total Potential Resources (Vim’)

Salinity<1,5¢/1 1,5<Salinity>3g/I Salinity>3g/l Total
Surface water 1944 594 162 2700
Groundwater 58 230 431 719
Deep groundwater 283 808 326 1417
Total 2285 1632 919 4836
% 47 34 19 100

Source: Mamou 1993.

As difficult as it is to manage Tunisia’s water resources now, the
job will only get harder in the future. Studies show that Tunisia can
expect an increase in average annual temperature (2 degrees C on av-
erage), a modest fall in average precipitation (approximately 5 percent
by 2030), and increased variability.' In particular, extreme phenomena
(droughts, floods, and strong winds) will increase in both frequency
and intensity, with very dry years likely to occur more often. These
changes will have serious consequences for water resources, ecosys-
tems, and agriculture; for urban dwellers; and therefore for the entire
economy and society.

Investments to Store and Transfer Water in Tunisia

For the past three decades, Tunisia’s water resource management policy
has been based on mobilizing water resources. Thematic strategies

" Mlinistry of Agriculture and Water Resources 2006.



162 WATER IN THE ARAB WORLD: MANAGEMENT PERSPECTIVES AND INNOVATIONS

have been drawn up for agricultural water, rural and urban drinking
water, urban sanitation, and the reuse of treated wastewater for ag-
ricultural purposes.

The Tunisian Ministry of Agriculture and Water Resources
(MARH) has developed a model to help operate the country’s water
systems and manage the risks associated with both droughts and
floods. It compares available resources with expected needs under
various planning scenarios including estimates of when different major
infrastructure investments will begin operation. This model simulates
all foreseeable demands to enable the government to ensure that needs
are met and to plan infrastructure needs well in advance. The tools
used to create the simulations are constantly updated and enhanced
to account for variables related to demand levels, the performance of
modern technology, and perverse effects of reality.

The MARH’s model consists of a number of separate information
systems:

The first is the Optimal Water Resource Management model (known
by its French acronym, G.E.O.R.E.) The idea of developing integrated
water information systems was first proposed in a study that the gov-
ernment had developed over 1990-95. This study, “Water Economy
2000,” was intended to enable the country to respond to water demand
on a national level over the coming decades (first to 2010, then 2030). It
collected, analyzed, and synthesized a wealth of data and information
pertaining to water resources and requirements, both qualitative and
quantitative. In this way, relational databases covering resources and
supply were established. All the country’s water resources (conventional
and nonconventional) were identified at both the regional and national
levels. For the first time in this type of study in Tunisia, a geographic
information system (GIS) was used to identify where water resources
were located and used. The GIS was connected to numerical databases
and simulation and optimization models. Thus, it enabled a review of the
water management system under diverse planning scenarios and over
different geographic areas. The optimization models, based on dynamic
stochastic programming, enabled the assessment of the performance
of the existing and projected future water system. The models calcu-
lated fluctuations in both resources and consumption at varying scales
and using various assumptions. By combining the relational database
with the GIS assessments of the supply/demand balance, models were
drawn up to determine the likely instances of over- and undersupply
going forward in time and on a regional basis. Based on these results
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and on statistical analysis, a critical load scenario was developed to
serve as the basis for determining future measures to be taken. From
there, measures were defined that would enable identified shortfalls to
be made up or reduced and their economic costs and environmental
impacts to be evaluated. The specified measures were organized by
timing and location in the form of a set of alternative strategies from
which a national water management strategy could be derived.

The second information system is the agricultural map of the coun-
try, completed in 2004. This map is in fact a series of regional maps.
They give an overview of the agricultural area of each governorate,
its resources, development potential, strengths, and weaknesses. The
agricultural database was compiled into a GIS, comprising close to 50
layers of geographic data. The maps have the following objectives:

m  To ascertain in a reliable and dynamic manner the status of a par-
ticular location regarding natural resources (land, water, forests),
basic infrastructure (water, transport), and economics (processing,
refining, and harvesting facilities for agricultural products)

To ascertain the land allocation status
To identify the gap between current and optimal land use by com-
paring the land use map with the agro-economic potential map

m  To simulate and spatially visualize decisionmaking scenarios based
on the modification of specific parameters, such as cost of entry,
production prices, yields, and incentives.

The third information system is the National Water Information
System, known by its French acronym as SINEAU. It is being completed
and is expected to be publicly available. It combines three different
water information systems: one on ground and surface water, one on
water pollution. and one on soil quality. The SINEAU links these three
using a horizontal system of reference and unified spatial references.
It will establish standards for describing data and sharing it with dif-
ferent stakeholders as well as a system for managing and referencing
the relevant data.

Over the past three decades, Tunisia has developed significant
water infrastructure aimed at meeting its ever-increasing demand. This
infrastructure network had two purposes: to respond to different usage
priorities and to enable flexible management. Decisions regarding the
type and size of these storage and transfer facilities and the manner
of their use were guided by a number of key constraints:
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Geological nature of the landscape. This constraint led decisionmak-
ers to deploy different types of facilities (multiple-arch concrete
dams, buttressed dams, single-arch dams, gravity dams, compressed
rolled concrete dams).

Lithology of the landscape through which the water flows naturally
guided the design of certain facilities and the way in which they
are managed. In the Mejerda Basin (the largest basin in northern
Tunisia), several Triassic outcrops are largely responsible for the
water’s increased salinity. These outcrops exist exactly on the sites
chosen for the dams (which have the best topographical features).
Thus, the outcrops have influenced decisions regarding the height
of the dam and, as a result, the volume of water held behind it.
(Sidi Salem is a case in point.)

Location of demand. Most water consumption is far from the source
of supply, making transfer systems inevitable.

Hydrological analysis. Hydrological analysis of the country’s different
catchment areas shows a high level of heterogeneity from the point
of view of both water quality and regularity of natural supply.

To ensure that water quantity is available in the place and at the

time required, and to improve water quality through dilution, the in-

frastructure was planned using three guiding principles:

Allowing inter-annual storage to enable supplies to be regularized
from year to year, taking into account the historical frequency of’
drought (including repeated droughts)

Creating interconnected dams situated in the same catchment
areas so that the system can capture any overflows of the dams
in wet years

Allowing water to be transferred from dams in one catchment to
dams in another both to balance stock levels in periods of regional
drought and to improve water quality in particular reservoirs.

From a hydrological point of view, the initial design of the detailed

Northern Water Plan was based on 34 years of monthly supply ob-

servations. The average supply figure served as a reference point for

deciding the size of the facilities.

After these water facilities had been in operation for a number of’

years, several complementary steps presented themselves as potentially

useful for improving the system'’s performance:
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m  Minimize the effect of cyclical droughts. To take advantage of the
years of excess rainfall, 11 other sites for medium-sized dams were
identified and earmarked for construction in the medium term.
These facilities will fill up primarily during rainy years. These
medium-sized structures also will safeguard the large dams from
excessive silting. The water supply from these 11 dams was taken
into account when the earlier dams were designed,

m  Raise the height of specific existing facilities to increase their storage
capacity and to offset the effects of silting.

m  Create local water subsystems, as part of a national strategy of wa-
ter mobilization via hillside dams (structures fewer than 10 meters
high with a storage capacity of fewer than 5 Mm?). These facilities
lengthen the active life of the major water facilities and enable the
creation of smaller local development centers. Currently, 225 such
units are in place, providing approximately 200 Mm? of water.

m  Extend the geographic range of the transfer systems. This extension
was a key component of the second phase of the national water
usage strategy. It enabled the establishment of an integrated WRM
structure (covering the use of both surface and groundwater
resources).

The hydraulic system for surface water in Tunisia was conceived
essentially for the northern part of the country. In the system, 13 linked
dams already are in place, and an additional 14 should be online by 2015,
for a total of 27 interconnected dams. Their configuration is based
on the fact that water demand can be divided into two basic demand
categories, depending on the number and type of reservoirs that sup-
ply it: “local” or “shared.” Local demand sources its water from one
specific reservoir, whereas shared demand is supplied by more than one
reservoir. Tables 9.6, 9.7, and 9.8 give details of the reservoirs and the
areas that use the water from them as well as of the transfer schemes.
Dams that serve more than one area are shown in table 9.6.

Table 9.6 Tunisia’s Reservoirs and Number of Areas Served

Bou-  Ben Sidi El Sidi
Dam heurtma Metir Joumine Kasseb Lakhmess Melleqgue Rmil Barrak Sejnane Siliana Salem Zerga Zouitina
No. of 5 3 7 1 1 3 1 2 6 1 18 1 2

areas
served

Source: Louati 2005.
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Table 9.7 Tunisia’s Reservoirs that Serve Multiple Uses

Ben Arous and
Nabeul (irrigation)
Bizerte (drinking
water)

AGO2

Grand Tunis
(drinking water)
(ap Bon (drinking
water)

Sahel and Sfax
(drinking water)

Sejnane

Joumine Ben Metir
X
X
X X
X X
X

Mellegue

Bouheurtma

Kasseb Sidi Salem

Source: Louati 2005.

Table 9.8 Tunisia’s Main Water Transfer Systems and Their Characteristics

Name of structure

Pipelines from Sidi El Barrak-Sejnane
Pipelines from Sejnane to Taref station

Pipelines from Taref station to Sidi

M’barek

Piplelines M'barek-Bejaoua

Mejerda Cap Bon canal

Ben Metir pipeline

Kasseb pipeline

Belly-Sahel pipeline:
Belly-Sousse

Sousse-Sfax
Jilma-Sfax pipeline
Sheitla-Sfax pipeline

Pipelines from Kairouanais

Sidi Saad dam

El Haoureb dam
El Houareb
S.Saad (projected)

Nebhana pipeline

Length (km)
18 km over 2 lines
13 km over 2 lines

23 km over 3 lines

47 km over 3 lines
120 Km
135km
121km

96 km (2 files)

118 km

15Tkm
148 km

18 km right bank
10 km left bank
12km

24.8km

126 km

Flow (m’/s)
4—4.6 m*/s per line
12m?/s
12m?/s

12m’/s
16—8.8 m*/s
13-1.1m/s
1.1-09 m/s

1.5-2.3m’/s (st file)
3.6m*/s (2nd file)
1.35m’/s

0.73m?/s
0.3m’/s

1.935-1.5m’/s
0.5-0.335m*/s
1.0m%/s
1.0m%/s

2.1-0.350

Diameter (mm)
1800 mm
1800 mm
1800 mm

1800 mm

1250 mm
1190-1250 mm

1400—1200 mm
1600 mm
1400—1000 mm

1100-600 mm
600325 mm

1600—1250 mm
600—400 mm
1000—300 mm
1100 mm

1400—600 mm

Source: Ministry of Agriculture and Water Resources 2000.
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To supplement its scarce natural supplies, Tunisia has a long experi-
ence of generating nonconventional water and of innovative investments.
Its experience in reuse of treated wastewater, desalination of salt and
brackish water, and artificial recharge of aquifers is instructive and
indicates a concern for integrated management of the water cycle.

Since the 1970s, Tunisia has been formally reusing treated wastewater
in agriculture and now has one of the world’s highest rates of reuse.
Almost all of Tunisia’s 194 Mm? per year urban wastewater generated
is treated to adequate standards (ONAS 2004). Approximately 30
percent of it is reused in agriculture supplying approximately 7,000 ha of
fruit trees and fodder, following strict sanitary standards. The country
plans to invest in significantly increasing that share over the next decade
(figure 9.2). Experience indicates difficulties ensuring cost-recovery for
wastewater reuse. At present, the service is subsidized. In addition,
Tunisia uses treated wastewater for environmental purposes, in one
case, to ensure flows to an ecologically important wetland.

Despite being a country not

endowed with energy resources, Tunisia, 19902001 (ha)
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Figure 9.2 Growth in Treated Wastewater Used in Agriculture,

Tunisia has experience with de-

salination of brackish and saline 12000 1

{ { { 10000
water. Desalination began in 10000
1983 in Tunisia. The national 8000 8000 P

agency responsible for drinking 6000

water, SONEDE, has capacity 0.
of 58,800 m? per day (table 9.9). 10

2000 -| HAUESS

6000

Hectares

17
Projects

Private operators have an ad-

ditional capacity of 44.000 m?/ 1990 2000 2004 2006 2009

day, mostly for tourism, although WD
with some Capacity in industrial  Source: Ministry of Agriculture.

Table 9.9 Desalination Capacity in Tunisia, 1983-2000

12000

Projects

2011

Year operation Feed water
Station Capacity (m’/day) started Technology salinity (9/))
Kerkenah 3300 1983 Reverse osmosis 3.6
Gabes 25500 1995 Reverse osmosis 32
[arzis 15000 1999 Reverse osmosis 3.2
Jerba 15000 2000 Reverse osmosis 6.0

Total 58800

Number of
membranes

Source: SONEDE, MARH 2004.
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enterprises and high-value agriculture. In the South, the authorities
have been able to use reverse osmosis technology to convert brackish
groundwater into drinking water.

The government subsidizes the private sector to invest in desalina-
tion and considers this technology a key part of the long-term water
management strategy for the country. It plans to increase public sector
installed capacity to 50 Mm?* day by 2030.

In addition, the country has long experience of artificial ground-
water recharge. This is a way of storing surplus water from one season
for use during dry periods. The program of construction of small
dams described above also included spate irrigation infrastructure
to channel flood water. In addition to helping manage surface water

flows, these two types of in-

Figure 9.3 Growth in Volumes and Schemes for Artificial vestment had a major impact

Aquifer Recharge in Tunisia

on aquifer recharge (figure 9.3).

100
80
60

E

=
40

23
20

9

Furthermore, Tunisia has proj-

80 ects using quarries, old wells,

60 and direct injection to increase

0 g ! aquifer recharge, in some cases

v ooB S including recharge with treated
AP wastewater. To avoid potential

contamination, these schemes

0

Source: Louati 2008.

199

000 2002 2004 206 2000 2011 usually are toward the mouth of

GpadtyinMr” W8 Number of pojects the aquifers. One trial scheme
uses treated wastewater at the
mouth of the aquifer to protect
against saline intrusion. The government plans to increase the volumes
of artificial aquifer recharge to more than 200 Mm? per year in 2030
through small dams, check dams, and soil and water conservation

investments in upper watersheds.

Use of Water Resources

The irrigation sector consumes close to 80 percent of Tunisia’s extracted
water. Tunisia has approximately 420,000 ha of land that could be ir-
rigated through both public and private schemes. Of this, 400,000 ha
are actually irrigated. The government’s strategy aims to serve these
lands with water, assuming that water is available, by 2010. The sector
now uses approximately 2 billion m? per year. Demand should stabilize

at 2.1 billion m? by 2010.
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Groundwater extraction has increased continuously since 1997,
rising from 2,161 Mm?®to 2,638 Mm? in 2006—an increase of ap-
proximately 26 percent over 15 years (table 9.10). Yet, withdrawals
are becoming unsustainable, while exploitation of deep groundwater
is increasing slowly. On the positive side, there is potential for more
or better use of surface water. In the last decade, overall usage rates
of surface water have been low.

Table 9.10 Tunisia’s Evolution of Water Consumption, 1997-2005 (Mm’)
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1997
Surface water 399
Groundwater 757

Deep groundwater 1005
Total 2161

1998
361
764

1014
2139

1999
445
77

1031
2247

2000
499
778

1078
2355

2001
248
778

119
2145

2002
561
778

1135
2474

2003
510
778

1109
2397

2004
464
778

127
2369

2005
688
807

1143
2638

Sources: DGRE 20073, 2007b.

The lack of good-quality water is becoming increasingly acute in
the wake of unpredictable climate patterns. Thus, the country needs to
find a way to improve the value-added from the water allocated to the
agricultural sector. A technical, economic, organizational, institutional,
and legislative framework has been set up to maximize the country’s
irrigation potential as efficiently as possible. Water conservation con-
stitutes a key component of this strategy. Since the end of the 1980s,
with the introduction of conservation measures in irrigated areas, con-
sumption per ha has begun to decline sharply, falling from 6,200 m?*/ha
in 1990 to approximately 5,500 m3/ha in 2005.

In 1995 Tunisia’s water administration adopted a National Program
of Irrigation Water Conservation (PNEEI). Its purpose was to ratio-
nalize the use of water to ensure that the maximum economic value
is derived from irrigation and to keep water demand at a sustainable
level. The PNEEI has the following broad goals:

m Strengthen knowledge of appropriate technologies to ensure op-
timal water use

m Ensure that regional departments have a better grasp of tech-
niques and methods to conserve irrigation water suited to local
conditions

m  Encourage consu