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1 INTRODUCTION 

The Centre for Environmental Health Activities (CEHA) of the World Health 
Organization Regional Office for the Eastern Mediterranean (WHO/EMRO), in collaboration 
with the United Nations Environment Programme Regional Office for West Asia 
(UNEP/ROWA), planned and implemented the Joint WHO/UNEP First Regional Conference 
on Water Demand Management, Conservation and Pollution Control in Amman, Jordan, from 
7 to 10 October 2001. The conference agenda and programme are presented in Annex 1  
and 2. 

The conference was attended by 42 water professionals and managers from the water 
resources, water supply and wastewater management agencies.  A list of participants is given 
in Annex 3.  Technical support was provided by WHO/EMRO/CEHA and UNEP/ROWA 
staff. 

The specific objectives of the conference were to: 

• Promote a greater focus on water demand management, and conservation within the 
framework of integrated water resources management.  

• Encourage a shift from the supply driven approach to meet demand on water to the 
demand management approach and greater efficiency to match available resources. 

• Promote greater focus on pollution control policies within the framework of integrated 
water resources management to safeguard the quality of water and to maximize the safe 
reintegration of recycled wastewater into the water cycle as a non-conventional water 
source. 

• Review water demand and pollution control experience across the region and identify 
and examine replicable strategies and models. 

• Demonstrate the viability of water demand management and efficiency policies. 

Dr M. Z. Ali Khan, Coordinator, Regional Centre for Environmental Health Activities 
(CEHA) welcomed the participants to the conference.  Dr Hussein A. Gezairy, WHO 
Regional Director for the Eastern Mediterranean, addressed the conference. 

In his address Dr Gezairy stressed that water was life and that access to water supply 
and sanitation was a fundamental need and a human right. It was vital for the dignity and 
health of all people. There was evidence that provision of adequate sanitation services, safe 
water supply, and hygiene education represented an effective health intervention that reduced 
the mortality from diarrhoeal diseases by 65% and the related morbidity by 26%. Inadequate 
sanitation and hygiene and unsafe water resulted not only in more sickness and death, but 
also in higher health costs. Universal access to safe water supplies and adequate 
environmental sanitation had been long declared two of the health-for-all goals. 
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The WHO/UNICEF global water supply and sanitation assessment 2000 indicated 
that countries of the Eastern Mediterranean Region had made great strides in providing water 
supply services to their population, with the exception of Afghanistan, Sudan and the 
Republic of Yemen. Public water supplies reached most urban dwellers and over 80% of rural 
dwellers in at least 15 countries. 

Dr Gezairy stressed that water supply security was only assured when sufficient 
quantities of safe quality water were reliably sustained. While access to public water supplies 
had improved significantly in most countries of the Region, the quantity, quality and 
sustainability of these supplies were increasingly at risk mainly due to the water shortage 
crisis experienced by many countries. Many communities risked running dry with severe 
water shortages and intermittent water supplies accompanied by severe water quality 
deterioration.  

The water scarcity was largely due to natural causes. The Region was arid and semi 
arid and thus poorly endowed with fresh water. The Region had 1% of the world’s freshwater 
supplies and 5% of the world’s population. The per capita share of the available freshwater 
resources continued to decline due to rapid urbanization and population growth. 

The water shortages were aggravated by the way water was utilized. Water was often 
used wastefully, unwisely and inefficiently in agriculture, as well as by municipal, industrial 
and commercial users. Losses in public water supplies reached as high as 60%, exceeding the 
quantity reaching the consumers. Once water reached it intended target, it was not used 
efficiently as consumers had no incentive to conserve. The best quality water was used in 
landscaping, for instance. Inefficient water fixtures were widely used; public buildings in 
particular were water wasters. In agriculture, as little as 50% of the water supplied was 
actually used for food production and even then with low farming efficiency. 

As the demand for water went unchallenged, said Dr Gezairy, so did the production of 
wastewater and pollution. Water management practices had historically paid little attention to 
safe management of the huge volumes of wastewater. A significant proportion of the scarce 
water resources continued to be consumed by pollution from inadequate sanitation, 
insufficient and inefficient management of wastewater and weak environmental protection 
policies. Pollution was a freshwater consumer and a serious threat to public health. 

The water availability in some countries of the Region had declined to a crisis level. 
There was no other region in the world where the need was so acute for a serious shift in the 
water resources policies and management practices from “supply management” to “demand 
and efficiency management”. The water shortages in countries of the Eastern Mediterranean 
Region could be alleviated with the adoption of aggressive and sustained water demand 
management and efficiency policies which stipulated that new water resources and additional 
supply facilities would be developed only after exhausting all the following available 
strategies for reducing the demand on water to match the existing supplies: 

• Every drop of water, including wastewater, must count. The water resources and 
wastewater management policies must come together in addressing the water cycle in a 
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holistic manner within the umbrella of integrated water resources management 
processes. 

• Water must be conserved and used efficiently to reduce the consumptive use and 
eliminate the wasteful use of water.  

• Wastewater flows must be reduced and managed effectively to safeguard public health 
and protect fresh water from pollution.  

• Wastewater must be maximally recycled and reintegrated safely in the water cycle and 
accounted for in the water budget of the household, community, industry and in 
agriculture. 

The water scarcity crisis in the Region had received the attention of national 
governments, United Nations agencies, multilateral and bilateral support agencies and civil 
society. Some countries had taken concrete steps towards increasing the efficiency of water 
use, with good results in Bahrain and Tunisia. Other countries had gained significant 
wastewater management and recycling experience. The GCC countries had developed leading 
expertise in desalination. It was time to further concentrate national and external support 
efforts for assuring the security of water supplies in the Region for basic human needs and for 
economic and social productivity.  

Dr Gezairy said that WHO and UNEP had dedicated this conference for the 
promotion of effective approaches to water resources management for securing and 
safeguarding the water supplies in the Region in the 21st century. The conference aimed at 
placing water demand management and pollution control at the heart of integrated water 
resources management policies and encouraging wider application of efficient water use and 
safe recycling of wastewater. Dr Gezairy expressed confidence that the conference would be 
able to attain its objectives by reviewing the innovative experiences from around the Region 
and developing recommendations for best management practices to overcome the water 
shortage crisis. 

Dr Habib El-Habr, Deputy Regional Director of UNEP/ROWA, delivered a message 
from Dr Mahmood Abdulraheem, Regional Director, UNEP/ROWA, to the conference.  In 
his message Dr Abdulraheem stressed that water had been long identified as one of the 
priority issues for the West Asia region, making its protection and sustainable management an 
area of key importance.  As such, UNEP was pleased to join with WHO in supporting the 
conference and making use of the assembled expertise to identify priority actions for the 
future in terms of water demand management, conservation and pollution control. 

The Council of Arab Ministers Responsible for the Environment (CAMRE) in their 
Abu Dhabi Declaration of February 2001 highlighted the need for the rational use of the 
region’s resources and the need to protect them from pollution in order to achieve sustainable 
development.  The Council recognized waste as a priority issue for the region and called for 
the application of techniques of water resources management to ensure a balance between 
supply and demand.  Pursuing this approach, both UNEP and WHO agreed at a meeting in 
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Bahrain on Water Quality Guidelines in June 2001, to establish a task force on desalination in 
the region and to cooperate with the Regional Organization for the Protection of the Marine 
Environment (ROPME) and the GCC countries to insure that the health and environmental 
aspects of desalination were adequately addressed when developing this strategic water 
resources. 

On the global level, said Dr Abdulraheem, water-related problems had been 
recognized as the most immediate and serious threat to humankind for some years, as 
reflected by the number of organizations, initiatives and conferences addressing the issue.  
But not nearly enough progress had been made.  More emphasis must be put on management 
and coordination to address the identified problems.  International agencies, 
intergovernmental organizations, national governments, donors and the private sector must all 
work better together.  Water had to be used in an environmentally sustainable manner in order 
to maximize its economic and social benefits.  It should not be used faster than it is 
replenished, nor should it be polluted. 

Dr Abdulraheem stressed that addressing water problems required an intersectoral 
approach that recognized the inter linkages, for example between land and water, agriculture 
and water, technology and water, health and water that affect water management.  No single 
mechanism or approach would be enough.  Policy packages using a mutually reinforcing mix 
of institutional and policy reform, and legal, economic and management instruments would 
be needed. 

The new UNEP water policy and strategy, which itself was part of a broader 
restructuring of UNEP that had taken the organization away from sectoral approaches, 
recognized this need.  At its core lay three components: assessment, management and 
coordination of actions.  All three components stressed the intersectoral nature of water 
issues.  UNEP had long been involved in the field of fresh and marine water and had 
developed a number of programmes over the years.  These, updated and revitalized, were 
being combined with newer programmes, such as the Global International Waters Assessment 
(GIWA) and the Global Programme of Action for the Protection of the Marine Environment 
from Land-based Activities (GPA), to produce an integrated, comprehensive and dynamic 
approach to priority water issues. 

One of the goals of the new UNEP water policy and strategy would be to identify and 
promote the tools that would address the critical water issues facing humanity.  Many already 
existed.  New technologies and water demand management could improve efficiency in 
irrigation and encourage cleaner production in industry.  The harmonization of water policies 
with land and forestry policies and improve soil and water conservation and halt land 
degradation.  International cooperation, especially among countries sharing water resources, 
could address the transboundary nature of many water issues. 

Dr Abdulraheem drew attention to the Global International Waters Assessment, GIWA 
which was an international programme to assess the state of the global waters and develop 
strategies to overcome identified problems.  The West Asia regional assessment was being 
coordinated by UNEP/ROWA and involved a task team of regional experts who would carry 
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out the assessment, identifying priorities and developing solutions for West Asia. 

In cooperation with ROPME, Arab Center for the Study of Arid Zones and Dry Lands 
(ACSAD) and UNEP-GRID, UNEP/ROWA had also been involved with a Regional Waters 
Assessment, the first phase of which has studied the Tigris-Euphrates basins, two rivers basin 
that had gained international attention over recent years because of increasing water stress 
and the political issues of shared water resources, highlighting the links between environment 
and security.  Two hot sports had been identified; the construction of dams in the headwaters 
in the Turkish mountains and the loss of vast areas of the Mesopotamian marshlands.  The 
next phase of this project was the development of a Catchment Management Plan, which 
would seek to conserve those vital rivers and prevent their pollution from activities within 
their watersheds.  Dr Abdulraheem expressed hope that the partnership with WHO would be 
an important asset in overcoming political sensitivities associated with this critical issue. 

Dr Hazem Al Nasser, Minister of Water and Irrigation, Jordan, addressed the 
conference.  In his address Dr Al Nasser stressed that securing a reliable supply of water, 
adequate in quantity and quality, was one of the most challenging issues facing Jordan. 
Planning and policy formulation for the supply and utilization of water resources must be 
based on comprehensive and reliable data, including data on water quantity, quality, and 
utilization in order for them to be effective. The supplies of surface water, groundwater and 
treated wastewater and their utilization also had to be carefully monitored.  The work and 
deliberations of the conference could not be more timely or less needed. 

Jordan, as indeed most other countries in the Middle East, had been and would be 
facing challenges in its water sector due not only to its scarce water resources, but also to 
abnormally high population growth rates as a result of population influxes due to the ongoing 
conflict in the Middle East.  This growing population was consuming more water and eating 
more food, putting a greater demand on the already stretched resources.  With the added 
factor of a higher standard of living, which ordinarily meant consuming even more water, and 
inadequately treated wastewater, the problems facing all Jordanians were clearly evident. 

Dr Al Nasser said that, as was the case with most major issues, the solutions to the 
problems were complex and the answer was a mosaic, with no single, easy dramatic remedy. 
Work was needed on all fronts simultaneously: desalination, conservation, pollution control, 
new supply and family planning in order for success in providing a better future for the next 
generation.  Indeed, said Dr Al Nasser, in looking at the projections of water consumption 
and comparing these projections with those for water availability, it became apparent that 
desalination would be a very important tool of water management. 

Referring to conservation, Dr Al Nasser pointed out that Sudan used 21 times as much 
as neighbouring Ethiopia; Madagascar used 32 times as much as nearby Mozambique; and 
Israel 3 times as much as Jordan.  There were many more examples. 

To begin with, indicated Dr Al Nasser, consumers needed to be charged close to the 
actual cost for bringing them water, while protecting the poor consumer.  The fastest way to 
bring about water conservation was to make prices realistic.  In addition, aquifers must be 
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monitored and guarded. Gaza exceeded its renewable supplies by 100% every year and 
Jordan by 130%. In the United Arab Emirates the water table had dropped 18 to 60 feet in  
8 years.  Lowering aquifers always meant declining quality of the water extracted, and more 
money spent pumping the water out. 

Dr Al Nasser noted that if all of the above were done without addressing the rising 
tide of pollution, efforts would fail because pollution complicated everything. No one could 
look at water supply without noting the connection between water quantity and water quality. 
Water that was polluted could not be used. Pollution was, in effect, another form of 
consumption—only more destructive than other forms. 

Dr Faleh Alnasser, Minister of Health, Jordan, addressed the conference.  In his 
address Dr Alnasser stressed that the first dedicated Conference on Water Demand 
Management, Conservation and Pollution Control represented a significant contribution from 
WHO and UNEP towards addressing the water security challenge in countries of the Region.  
Water was the backbone of social and economic development; indeed, water was life. 

The countries of the Region were the poorest supplied with water in world.  As such, 
all resources and energies had to be directed towards sustainable development and use of the 
scarce water sources.  Water must be conserved and protected from pollution to ensure 
sustainable development and water security not only for the present day, but also for future 
generations.  The management and conservation of water resources was a collective 
responsibility of society and countries.  Collaboration among countries and with international 
concerned agencies was imperative for water security.  Countries of the Region shared 
common climate, economic and social characteristics.  Collaboration and exchange of 
experience would thus yield great benefits. 

Jordan suffered from a severe water resources crisis, said Dr Alnasser.  The water 
scarcity in Jordan was natural; however, demand on water was increasing due to both natural 
and un-natural population growth.  The scarce water resources were also being subjected to 
pollution from development projects aimed at raising the economic and social status of 
communities.  In Jordan there was keen interest in implementing all possible strategies and 
learning from other countries’ experiences to avert the water shortage crisis and to reduce its 
impact on health, environment and sustainable development. 

Due to the severe scarcity of fresh water in Jordan, said Dr Alnasser, the use of 
recycled wastewater had become necessary.  Seventy million cubic metres of wastewater 
were recycled and reused annually.  This amounted to a significant proportion of our water 
consumption.  However, wastewater reuse must be governed by health and environment 
guidelines to ensure safe practices.  The World Health Organization and the United Nations 
Environment Programme had contributed considerably to the development of national water 
policies and institutional capacity in this regard by offering both financial and technical 
assistance. 
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2 TECHNICAL PRESENTATIONS 

2.1 Water demand management and pollution control: key to securing and 
safeguarding the water supplies of the Eastern Mediterranean Region in the 21st 
century 
Mr H. Bakir, Regional Adviser, Rural Health and Environment, WHO/CEHA 

The supply driven approach has effectively demonstrated its inability to deliver water 
security to the water stressed countries of the Eastern Mediterranean Region. The natural 
water shortages have worsened due to supply driven water policies and management 
practices. Accessible water sources are tapped beyond their virtual capacity. Securing 
additional water sources from across national borders, while achievable, remains costly and 
carries a great deal of security risks. Turning to the sea for additional water sources is also 
achievable, but remains costly and will not be affordable to most countries of the Middle East 
and North Africa within the near future. 

A new approach to water resources management in the Region is needed. The demand 
centered approach focuses on manipulating the demands in a serious attempt to match them 
with the available water resources. Each nation’s water resources must be protected, 
conserved, developed, managed, used, and controlled in ways that ensure efficient, 
sustainable and beneficial use of water in the public interest. Efficient allocation among the 
competing groups of users is the tool to ensure that water supplies are used wisely in the 
public interest. 

Every drop of water, including wastewater, must count. The water resources and 
wastewater management policies must come together in addressing the water cycle in a 
holistic manner within the umbrella of integrated water resources management processes. 
Water must be used efficiently to reduce the consumptive use of water and wastewater flows. 
Wastewater flows must be managed effectively to safeguard public health and protect 
freshwater from pollution. They must be reintegrated safely in the water cycle and accounted 
for in the water budget of the household, community, industry and in agriculture. 

The recommended approach stipulates that new water sources and additional supply 
facilities will be developed only after exhausting all available possibilities for reducing the 
demand on water to match the existing supplies. The water deficits can be reduced with a 
large-scale shift from the supply driven approach to the demand management approach 
placing the following three groups of functions at the heart of water management policies and 
practices: 

• Efficient allocation of water among the competing groups of users to ensure that water 
supplies are used wisely, efficiently, in a sustainable manner for the public interest 

• Increasing the efficiency of water use to minimize wasteful consumption of water while 
maintaining the social benefits of water 
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• Strengthening environmental protection policies and pollution control to safeguard the 
quality of the scarce freshwater and safely reintegrate wastewater into the water cycle 
as a component of the water budget of households, communities, industries and 
agriculture. 

Using water more efficiently in all applications is the tool to reducing the 
consumptive water use without reducing the social benefits of water. The enabling solutions 
for more efficient water use include: 

• Increasing the efficiency of the municipal, agricultural, industrial and commercial water 
supply and delivery systems  

• Increasing the efficiency of water utilization by all water user groups  

• Eliminating wasteful consumption of water by all water user groups  

• Allocating water to the more productive applications within each water user group 

• Matching the water quality with the intended water application and ensuring that water 
is used at least twice before it is discharged. 

As we use water in our homes, buildings, industries and agriculture, we generate 
wastewater. The generated wastewater will either end up consuming scarce freshwater 
resources if poorly managed or can be brought back into the water budget as a non-
conventional water source thus closing the water loop. Pollution control through effective 
wastewater management is the tool available to water resource managers to protect the scarce 
water resources and recover water. To maximize wastewater recovery and beneficial use, 
wastewater management services must be extended at an accelerated rate to the unserved 
urban and small communities. Robust, efficient, cost-effective, affordable and 
environmentally responsible wastewater management solutions must be identified and 
employed. 

Over the past two decades the importance of wastewater as a potential water source in 
the Region has gained wide recognition. Yet this potential water source is not fully utilized 
and continues to pollute scarce water resources. The problem lies in the way wastewater is 
managed and recycling is perceived. For a long time, centralized wastewater systems were 
the preferred choice and considered the ultimate solution by planners and decision-makers. 

The high cost of centralized systems renders them unaffordable and their dependence 
on water as a transportation medium renders them inappropriate in the Region, especially for 
small communities. Experience with centralized systems in the Region has been less than 
successful. Their output falls short of expectations for the intended pollution control and 
recovery of water. In addition, there is growing evidence that while large sewage treatment 
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plants gain economy of scale, the entire wastewater management system may experience a 
larger diseconomy of scale because of the cost of the sewerage networks to collect waste 
from greater areas.  

There is also growing evidence that small, decentralized wastewater systems on the 
scale of a household or neighbourhood can efficiently deliver at much lower cost the intended 
benefits of wastewater management. These benefits include: protection of public health; 
safeguarding the community environment from pollution; safeguarding scarce water 
resources against pollution; and maximizing the recovery of water for beneficial use. Small-
scale decentralized systems facilitate the accelerated and environmentally responsible 
extension of wastewater services that are robust and efficient. 

The closed water loop concept emerges as a management tool from the water demand 
management approach. At the scale of the household, neighbourhood, community, industry or 
institution, water can be managed as a closed loop. Water inputs, of various qualities, can be 
brought into the closed water loop for various water applications where water quality is 
matched with requirements of the intended application.  Every drop of water can be used at 
least twice before it is sent out of the loop. After water is used, the generated wastewater is 
segregated according to the level and type of contamination it contains. As wastewater 
streams are treated and recycled, water is kept in the loop and used in the appropriate 
applications. 

Water management policies must recognize the need to shift from supplying more 
water to meet the demand towards using the demand management approach, which entails 
manipulating the demand to match water supplies. Rational planning processes and 
management practices must be developed and adopted to translate recognition to action. The 
planning processes entail the following:  

• An assessment of the available water resources (current and potential) and the past, 
current and future water demands by all water user groups to provide answers to the 
following questions: 

– Does the water use pattern support the public interest and the overall 
socioeconomic objectives of the society?  

– Does the quantity and quality of water use match those of the available resources? 

– Is water used efficiently by all water user groups? Is the actual water use 
reasonable, in terms of both quantity and quality, and as judged by accepted 
standards?  
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• Allocating water, in quantity and quality, among competing water-using groups to 
ensure meeting the public interest as defined by the national socioeconomic objectives 

• Establishing water efficiency targets for each water user group 

• Identifying water efficiency performance indicators to monitor the performance of each 
water-using group 

• Establishing an incentive or disincentive system to enforce the demand management 
approach 

•  Designing and executing sustained water efficiency programmes integrated within the 
operation of each water-using group 

• Monitoring the performance of the water efficiency programmes of each user group and 
undertaking the necessary adjustments. 

Water management institutions must also recognize that investment in water demand 
management is an effective investment in the country’s water resources that can lead to better 
returns than investment in new water supplies as demonstrated in Bahrain. Water suppliers 
must play a proactive role, not only investing in improving their efficiency in producing, 
delivering and distributing water, but also investing in ensuring that their customers use water 
efficiently. 

2.2 Water scarcity, pollution and health 
Dr Hussein Abouzaid, Regional Adviser, Supportive Environment for Health, 
WHO/EMRO 

Water and health are interlinked in many ways. Water is one of the most precious and 
threatened resources.  Health is equally precious and vulnerable. In addition to meeting the 
basic human requirement of fluids, the availability of safe water is key to preventing the 
spread of diseases.  

The following facts illustrate the seriousness of microbial and chemical risks that are 
related to unsafe drinking water: 

• 2.2 million deaths per year are the result of inadequate hygiene. 

• 17 million cases of typhoid occur each year, 600 000 of which are fatal. 

• Cholera is still endemic in a number of countries of the Region and may be 
reintroduced if environmental health services are not provided. This was well illustrated 
by the disease’s reintroduction in Latin America in 1991. 

• 35–77 million people are estimated to be at risk from arsenic poisoning in Bangladesh. 
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• 30 million people suffer from chronic fluorosis in China. 

It has been proven that water interventions are effective. In fact, supplying safe 
drinking water has historically been the single most critical environmental factor for 
protecting public health against water-transmitted diseases.  

The protection of public health is the main aim of securing safe drinking-water, 
sanitation and water pollution control. Various polluting agents threaten the available water 
resources. Some of these include the excessive use of pesticides and fertilizers, seawater 
intrusion, groundwater pollution, pollution of surface water and the eutrophication of natural 
and man-made lakes. 

WHO’s normative work has had a considerable influence on environmental health 
quality in different countries. Such is the case, for instance, with drinking-water quality 
guidelines, air quality guidelines and the joint WHO/FAO code alimentarius standards. These 
guidelines are based on best expert consensus, on the current state of scientific knowledge 
and best available evidence. They are meant to be adapted to national and local 
circumstances, based on a risk–benefit approach. 

In the process of preparing the third edition of the WHO Guidelines for drinking-
water quality, due out in 2003, guidelines for water desalination were discussed in Berlin in 
June 2000. It was agreed that there was a strong public health argument for providing such 
guidelines. It was also agreed that the WHO/EMRO would lead this process, in collaboration 
with WHO headquarters and other regional offices. This would facilitate mobilizing the large 
experiences accumulated in the Region, especially those of GCC countries, where some 60% 
of the world’s installed desalination capacity is located. 

In this context, a consultation for preparing the WHO water quality guidelines for 
desalination convened in Bahrain in May 2001. A table of contents for these guidelines was 
developed at that meeting, and addresses the following main aspects: 

• Hazards specific to desalinated water, including fecal originating and naturally 
occurring organisms/toxins in the intake water, as well as in water mixing and blending 
processes. 

• Treatment management to reduce the introduction or regrowth of microorganisms. 

• The chemical composition, additives and water quality criteria of desalinated water 
including unique region-specific substances or conditions as well as monitoring 
requirements. 

• Other relevant issues, such as intake design, desalination plant design, waste 
management, environmental impacts, planning and building considerations, and the 
operation and management of desalination plants were included. 
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2.3 UNEP regional priorities and position on water resources management 
Dr Habib El Habr, Deputy Regional Director, UNEP/ROWA 

Theoretically, this is enough water to support a total world population of 20 billion 
people. However, water resources and the human population are unevenly distributed. 
Consequently, in some areas tremendous pressures are placed on the water resources while in 
others only a very small percentage of water resources will be exploited.  

The total use of water has increased tenfold between 1900 and 2000. If trends 
continue on this trajectory, we will need two to three times as much freshwater as that used in 
1950 in the year 2015. Such projected demands appear likely to exceed the potential global 
water supply in the foreseeable future unless new resources are developed and more efficient 
use of existing water resources is established.  

Water use at the global level is currently divided in the following manner: 69% goes 
to agriculture, 23% to industry and 8% is used for domestic purposes.  In the Arab region, the 
agricultural sector uses 92% of the available water supply, while the domestic and industrial 
sectors use 7% and 1%, respectively. 

Pressures on water resources have been felt most intensely in aquatic ecosystems. 
Rivers have been dammed and their waters diverted. Many lakes are diminishing in size as 
the waters of feeder streams are diverted for agriculture and industry. The over-exploitation of 
groundwater, particularly in arid and semi-arid areas, is resulting in the depletion of this 
resource, which is not easily renewable. 

In coastal areas, the exploitation of groundwater has often resulted in the intrusion of 
saline waters into aquifers. The problem of water quality deterioration has also accelerated 
during the past three decades. Both surface and groundwater sources have suffered and been 
greatly degraded in many countries. The discharge of untreated or inadequately treated 
wastewater into rivers, lakes and other aquatic ecosystems is the principle source of pollution. 

Industrial wastewater and agrochemical runoff from farmlands has also contributed to 
the pollution of lakes, rivers and groundwater. Correcting the deterioration of water quality 
requires costly monitoring, treatment, and control and regulation measures that are often 
beyond the reach of developing countries. The solutions are complex. They require additional 
funding, transferring technology, training personnel, and re-equipping and reorienting 
polluting industries. 

Reaching solutions for problems of water supply and quality is usually more difficult 
with transboundary resources. A collaborative effort is needed among the concerned 
countries. Political differences such as border disputes, poor relations, competition for natural 
resources and differences in social and economic goals frequently obstruct such efforts. As 
demand for freshwater resources grows, countries tend to perceive the management of this 
resource as a security matter. 
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More emphasis must be put on the management and coordination of efforts to address 
the identified problems. International agencies, intergovernmental organizations, national 
governments, donors and the private sector must all work better together. Water has to be 
used in an environmentally sustainable manner in order to maximize its economic and social 
benefits. 

This is especially true in the Near East Region, where 60% of the surface water comes 
from outside the region. This also holds true for international resources that are shared among 
various Arab countries and Israel. Hostilities in the Region have prevented the equitable 
sharing and sustainable management of the resources in Jordan, Lebanon, Palestine and 
Syrian Arab Republic.  

Addressing water problems also requires an intersectoral approach that recognizes the 
interlinkages between land and water, agriculture and water, technology and water, and health 
and water. All these connections are important as they affect water management.  No single 
mechanism or approach will be enough. It is only through collaborative efforts among 
countries that the serious problems of water scarcity and deterioration of water quality can be 
effectively tackled. The unfortunate alternative in some cases could be the use of armed 
forces to secure control over this precious resource.  

UNEP’s Water Policy is comprised of three elements: assessment, management and 
the coordination of actions. All three components stress the intersectoral nature of water 
issues. Three main programmes form the basis of this policy: 

• The Global Program of Action for the Protection of the Marine Environment from 
Land-based Activities (GPA): this is an international programme designed to address 
the role of land-based pollutants and minimize their impacts on the marine and coastal  
environment. The first phase of this project is addressing municipal wastewater, a  
form of pollution long recognized as being a threat to the quality of groundwater  
resources as well as rivers. 

• The Global International Waters Assessment (GIWA): is an international programme 
designed to assess the state of the global waters and develop strategies to overcome 
identified problems. The assessment is made on a regional and subregional basis that 
divides world into 66 mega-regions.  

• Environmentally Sound Management of Inland Waters (EMINWA): This programme is 
old flagship programme of UNEP that studies the state of an international basin’s 
environment and proposes action programmes for the management of its natural 
resources. 

The challenges to be addressed were recently highlighted by Council of the Arab 
Ministers Responsible for the Environment in their Abu Dhabi Declaration in February 2001. 
They called for urgent measures to be implemented in order to face the severe shortage of 
water and the deterioration of water resource quality. 
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They also called for the indigenization of water desalination techniques, the 
production of reverse osmosis membranes and the adoption of water resources management 
approaches that ensure a balance between the various supplies and demands. With the 
adoption and implementation of the Abu Dhabi declaration, UNEP is confident that countries 
of the region are moving towards sustainable development.  

2.4 Economizing on water use for crop production in the Near East Region 
Mr Andreas Phocaides, FAO International Consultant, Mr Mohamed Bazza, Senior 
Irrigation and Water Resources Officer, FAO Regional Office for the Near East 

Hydrologists define countries where local water supplies average less than 1000 m³ 
per person a year as water-scarce. Based on this concept, it was projected that 15 countries in 
the Middle East, north-eastern Africa and Arabian peninsula would become water-scarce by 
2025. The major causes of water scarcity are population growth and the rising demand for 
increased food supplies. Since agriculture is the main source of food, increased crop 
production means using greater quantities of water.  

Increasing water demand, dwindling water resources and the misuse of the available 
water resources in these regions are threatening sustainable agricultural development and 
other sectors of the economy as well. The situation has worsened rapidly in the last five 
years, due to prolonged droughts and increased water demand by other sectors. 

Governments should make every possible effort and apply special measures to save 
water wasted in agriculture. The issue of water savings at the farm level, i.e. the raise of water 
use efficiency (WUE), should be given top priority.  

Field water losses, together with those occurring during conveyance from wells, have 
been estimated at up to 65% of the total supply, making irrigation efficiency around 35%.  It 
must be made clear that there is no permanent solution to the water problem. However, to 
mitigate the results of water shortage, FAO strongly recommends that governments and other 
concerned stakeholders focus their efforts on two main directions: increasing water supplies 
and raising water use efficiency (WUE) in agriculture. 

Augmenting supplies and raising the WUE in agriculture, although related to each 
other, are two different activities and should be perceived as such by the national and 
international water authorities. The former falls into the category of water demand while the 
latter is classified as water use.  The majority of efforts and investments made in countries for 
irrigation development relate to water resources development rather than in-farm water use 
improvement.  Most additional water supplies in the Region, for the time being, are available 
from surface runoff and groundwater and/or the utilization of brackish (saline) water. 
However, considerable amounts of water can be made available through seawater 
desalination and reuse of recycled water. 

The cost per cubic metre of water stored and delivered to farmers worldwide is 
usually very high, ranging from US$ 0.45 to 0.75 per m³. Unless heavily subsidized, this 
water cannot be given to farmers at these prices. Conversely, the price charged to domestic 
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users can be more than twice the cost.  Major water conservation and development works for 
agriculture are feasible only under favourable conditions, in particular high WUE, optimum 
yield per unit of water and cash cropping pattern. 

Raising the WUE in agriculture is an integral part of national water policies. In this 
context a number of strategic plans should be prepared and numerous programmes and 
projects should be initiated, aiming at the conservation of irrigation water at the farm level. 
The implementation of improved irrigation techniques through closed-pipe pressure irrigation 
systems enables the effective use and economic handling of water. It also influences many 
factors controlling optimum plant growth. Experiences of many countries of the arid and 
semi-arid zones show that pressure pipe networks are efficiently replacing open gravity canal 
systems at the farm level. These techniques have a short payback period while securing 
sustainable irrigated agriculture. Their implementation will immediately lead to the following 
gains: 

• Water saving, up to 40% 
• Better utilization of water per unit of volume 
• Better water and agricultural management 
• Farmer familiarization with piped irrigation techniques. 

There is a list of various types of irrigation systems that might be considered for use. 
For the successful selection and transfer of the right technology, a thorough evaluation of the 
site’s physical conditions as well as the local social and institutional environment is 
necessary. 

Irrigation development in the Region is greatly dependent on the collaboration of 
three main partners: farmers, private sector and governmental agencies. The authorities 
should exert all possible efforts to coordinate their activities, and create a trilateral agreement 
between these main stakeholders.  Countries should concentrate their efforts on the promotion 
of simple low-cost irrigation technologies on a large scale as a safe step to raise WUE and 
save water. The golden rule for successfully implementing modern irrigation techniques is 
promoting pressurized piped irrigation to eliminate the gap between the two techniques.  

2.5 Long-term finance of water projects: the Islamic Development Bank approach 
Dr Karim Allaoui, Vice President Operations’ Technical Assistant, Islamic 
Development Bank  

The Islamic Development Bank has, since its inception in 1975, placed major 
emphasis on assisting its member countries in tackling their water-related problems. The bank 
firmly believes that water scarcity is one of the most complex and intractable challenges 
facing many member countries. Water is increasingly becoming a limiting factor in 
development, especially among the poor. 
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While the importance of water infrastructure development cannot be overstated, 
supply-driven solutions have started to show their limitations in the Region, forcing most 
players to re-examine their assumptions on the potential role of demand management—the 
present conference is clearly a testimony to this. While IDB accords great importance to this 
theme, the extent of its involvement is ultimately dictated by the volume of financing 
requests emanating from its member countries for projects that are compatible with its modes 
of financing. IDB water projects can be found in Bahrain, Lebanon, Morocco and Sudan, to 
name a few countries. 

The bank’s involvement in water projects is mainly focused on water supply, sewage, 
irrigation, and, to a lesser degree, hydropower projects. Financing for water accounts for over 
18% of the bank’s total commitments.  The bank has invested US$ 780 million in water 
supply and sewage projects, while US$ 585 million was invested in irrigation projects. To 
add, US$ 135 million has been invested in hydropower projects. 

IDB provides capacity building and institutional support. Its various grant 
programmes include supporting regional/national organizations and programmes with an 
interest in water. It also provides financial assistance for organizing water-related meetings 
such as workshops and conferences in member countries.  Moreover, it offers support for 
water-related studies/research extended through various IDB scholarship programmes. 

The current trends in the global water sector can be summarized as follows: there is a 
notable market driven shift from irrigation to water supply projects. This is especially true in 
the Middle East and north Africa region due to increasing demand for domestic water 
supplies and limited potential for expanding irrigation. 

From its experience with various water projects, the IDB has noted the following: 
inadequate user charges are the main cause for the lack of financial sustainability of water 
projects; poor maintenance often threatens the physical sustainability of water projects; and 
the bank is often involved too late in the project development cycle. 

2.6 Water, sanitation and poverty in Asia 
Mr Peter Cardy, Environmental Engineering Manager, DFID, Jerusalem, and  
Mr. Brian Baxendale, Engineering Adviser, West Asia, DFID  

The United Kingdom Department for International Development (DFID) policy as 
outlined in the White Paper on International Development (1997) and second White Paper 
(2000) committed DFID to the internationally agreed target of halving poverty by 2015. The 
government also committed DFID to meet other associated international development targets 
(IDTs) including ensuring basic health care provision and universal access to primary 
education by 2015. Although there are no specific IDTs relating to water and sanitation, three 
internationally agreed targets have been developed: 

• Reduction by half the proportion of people who are unable to reach, or to afford safe 
drinking water by 2015; 



WHO-EM/CEH/101/E 
Page 17 

• Reduction by half the proportion of people not having access to hygienic sanitation 
facilities by 2015; and 

• Adoption of comprehensive policies and strategies for integrated water resources 
management and active implementation in all countries by 2005. 

Water availability per person in Asia is half the global average and is quickly 
decreasing. The annual water withdrawal in Asia as a percentage of available resources is also 
correspondingly higher, reflecting the overall stress at regional level. Asian agriculture 
remains the main water user, but increasing demand from municipal and industrial sectors 
brought about by rapid urbanization is putting pressure on a finite resource. Changes in 
irrigation practices and policies are required to reduce agricultural withdrawals as a 
percentage of annual renewable resources. 

Asia is crucial to achieving the water and sanitation targets. Half the world’s unserved 
population is located in this continent. Although water and sanitation coverage varies 
significantly between countries, reaching the poor and vulnerable in marginal areas will be 
essential to meet basic rights of sustainable access to services for all. Common terms and 
reliable data are needed for monitoring processes if these targets are achieved.  

Recent trends in DFID water-related investment show an increasing emphasis on 
promoting water sector reform to encourage improved resource management through 
integrated, demand responsive approaches, while increasing support for the delivery of 
improved services in the context of broad-based poverty reduction programmes. Technical 
assistance and support to policy development are essential for creating an enabling 
environment that can take forward pro-poor development.  

Water quality and health impacts are of growing concern in Asia, but they are proving 
difficult to address in policy and institutional terms. Sanitation and hygiene education is also 
an area of slow progress. To support these approaches, effective collaboration in different 
forms is needed with a wide range of partners including government, NGOs, civil society and 
the private sector. 

Four issues are of particular importance to meeting water and sanitation targets in 
Asia, highlighting challenges and lessons learned: 

• Promoting water sector reform: creating the right policy environment is key; this 
takes time, requires government support, incentives and donor consensus; 

• Integrating water within poverty reduction strategies: water can be a key entry 
point and component of broader poverty reduction programmess but requires a 
supportive sectoral policy, compatible with wider poverty reduction strategies.  
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• Raising the profile of water quality, sanitation and health: a higher profile for water 
quality, sanitation and hygiene is required. It must be supported by a better 
understanding of the impacts on the rural and urban poor; and 

• Capitalizing on the scope for collaboration with others: the wide range of partners 
available highlights the importance of forming strategic alliances and building on 
comparative advantages to deliver against the three identified sector targets.  

2.7 Managing a critical water shortage 
Ms Toni Wagner, Director, United States Agency for International Development, 
(USAID), Jordan 

Due to the scarcity of water, water is, and will continue to be one of the critical issues 
for economic and social development in the region. Jordan is one of the ten most water-poor 
countries in the world.  The policies of both the Government of Jordan and USAID  support 
measures aimed at increasing the water supply, reducing system losses and improving the 
management of groundwater use and reuse.  

Improved water resources management is attained by: 

• Strengthening water sector institutions through: 

– management improvements 

– private sector participation (PSP) 

– policy implementation 

• Increasing the efficiency of water resource use by rehabilitating and constructing water 
systems; and 

• Improving the quality of wastewater by designing and constructing wastewater 
treatment systems. 

Regarding strengthened water institutions, five policies have been adopted by the 
Ministry of Water and Irrigation: Jordan’s Water Strategy, Water Utility Policy, Groundwater 
Management Policy, Wastewater Management Policy, and Irrigation Water Policy. USAID is 
currently supporting the implementation of two of these policies in the Amman-Zarqa Basin. 
In addition, unaccounted for water (UFW) in the greater Amman area has been reduced from 
roughly one-half to roughly one-third of the total water supply.  

Regarding wastewater treatment for reuse, the following developments are worth 
noting: 

• A new wastewater facility was completed in Wadi Musa at the cost of US$ 27 million 
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• The design for the Aqaba wastewater treatment plant is in the process of completion at 
the cost of US$ 35 million 

• The design for the Mafraq wastewater treatment plant is in the process of completion at 
the cost of US$ 35 million. 

As in most countries, various studies suggest that future development and economic 
growth can be threatened by water scarcity. Therefore, in the long run, substantial sources of 
water (including recycling) must be found. New technologies and management techniques 
must continuously be applied in order to improve the output–water ratio in all sectors of the 
economy.  

Nevertheless, economic policy, planning and forecasting cannot be disassociated from 
consideration of the means of supplying water. Water planning and economic policy must be 
carefully coordinated. 

2.8 German regional strategies on water demand management 
Mr Burghard Kehr, Director, Deutsche Gesellschaft für Technische Zusammenarbeit 
(GTZ), Jordan 

Two aspects characterize the water situation in countries of Middle East.  First, there 
is a general shortage of water, and second, the existing water supplies are unequally 
distributed. 

The Government of Germany believes that the proper approach to remedying the 
current water situation in the Region must include the following steps: 

• Implementation of technical solutions addressing water supply and demand to alleviate 
the water shortages countries are suffering. Countries should be supported in these 
efforts financially and technically by a number of donors and their implementation 
agencies. Jordan is a prime example in this respect 

• Negotiation to alleviate the gross inequality of water distribution in the region.  More 
equitable distribution of water in the region is an important issue in resolving conflicts 
in the area. 

The Government of Germany supports the Jordanian strategy in the water sector to a 
very large degree. The aim of the Jordanian–German collaboration in the water sector is to 
establish an integrated strategy of water resource management that is economically, 
ecologically and socially sustainable. The joint strategy aims, in particular, to make more 
efficient use of renewable resources. 

The German side wishes to make a contribution to sustainable water resource 
management in Jordan. It also emphasizes that when protecting resources from pollution, the 
“polluter pays” principle must be applied and enforced. Accompanying measures in the waste 
disposal sector may also be carried out as part of water resource protection. 
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In addition, the Jordanian–German collaboration aims to help optimize the use of 
existing water resources. Given that water is a scarce resource, the Jordanian–German 
strategy is aimed at managing water resources according to the principle of saving water and 
reducing losses. The primary concern is to reduce technical and administrative losses when 
water is supplied to different users.  

In wastewater management, the practice of reusing water must be expanded in 
particular. Treated wastewater is of vital importance for reducing freshwater consumption in 
agriculture, industry, tourism and in groundwater recharge. Freshwater consumption in 
agriculture must further be reduced through the use of brackish water, improved irrigation 
techniques and cultivation methods. Furthermore, cropping patterns that save water must be 
promoted. 

A central element to Jordanian–German collaboration in reforming the Jordanian 
water sector is supporting the establishment of an efficient institutional and legal framework. 
The Jordanian–German strategy also pursues a policy that promotes the involvement of the 
private sector, partly with the medium-term aim of mobilizing capital. 

Nevertheless, measures to restructure the water sector should contribute to poverty 
reduction and to more equitable distribution of water. These two goals are to be attained by 
guaranteeing fairer access to water resources for broad sections of the urban poor and for 
disadvantaged groups and by establishing a socially acceptable tariff structure. Necessary 
measures should be undertaken to counteract any negative impacts that commercializing the 
water sector may impart. 

Awareness about the importance of water saving must also be raised among users. 
Moreover, social acceptance must be increased for the use of marginal water for non-drinking 
purposes and irrigation. 

The Jordanian–German collaboration also hopes to increase their political dialogue 
along with intensified donor coordination. In order to prevent conflict, the Jordanian–German 
strategy aims at the national level to achieve the transition from a competitive to a 
complementary form of water management, both in relation to individual sectors and 
stakeholders and to the various institutions. At regional level, it aims to foster and support 
regional coordination and cooperation. 

2.9 Ministry of Water and Irrigation’s water sector strategy 
Dr Fayez Bataineh, Acting Secretary General, Ministry of Water and Irrigation, 
Jordan 

Water is an indispensable part of social and economic activities. Its scarcity may 
impede development, threaten standards of living and even jeopardize survival. The 
renewable water resources within Jordan fall short of meeting the actual demand. The water 
deficit is further manifested in the rationing of the municipal water supplies. 
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Population growth has exceeded natural growth rates as a result of sudden influx of 
refugees and displaced persons. This sudden growth has hampered planning and efforts to 
provide the population with water and wastewater services. 

The Government of Jordan has responded to the challenges facing the water sector by 
issuing a Water Strategy in April of 1997.  Under the umbrella of this strategy, a Water Utility 
Policy was devised. Within that policy, the role of the private sector was expanded, new 
construction and water management schemes were devised, municipal water tariffs were 
adjusted, and the water supply and demand tables outlining figures until 2020 and the Water 
Sector Investment Program for of 1997–2010 were adopted. 

Seasonal rainfall is the main source of water in the country.  Its annual variability 
affects a number of elements such as rain-fed agriculture, ranges, livestock, groundwater 
recharge and surface water storage. The average annual renewable freshwater resources that 
can be safely exploited within the country amount to 780 million cubic metres (MCM), 275 
MCM of which comprises groundwater. The remainder of that amount is composed of 
surface water resources. Fossil water is another source of water in Jordan. Moreover, there 
are considerable quantities of brackish water resources 

Jordan has adopted a strategic plan to close the gap between demand and supply. It 
was decided that the total traditional water sources that can be made available will not exceed 
1000 MCM. Certain measures have therefore been taken to balance the demand, which has 
far exceeded this value in 2000. These measures can be grouped around the following areas: 

• Reducing unaccounted-for water  

– Rehabilitating of water network 

– Enhancing the performance of irrigation network 

– Improving technical and administration 

– Limiting unplanned expansion of networks 

• Reducing water consumption  

– Promoting public awareness and reuse of treated water 

– Upgrading irrigation systems 

– Adjusting cropping pattern 

• Securing new water resources 

– Traditional sources such as Al Disi aquifer, dams and ditches, and new wells. 
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– Non-traditional sources such as the desalinated of brackish water, the desalination 
of sea water, and importing water 

The Government has also implemented a number of projects to increase water supply.  
These include:  

• Disi - Amman Project: designed to supply Amman with 100 MCM yearly, the estimated 
cost is about US$ 600 million. 

• Zara Maien Water Project; designed to supply Amman with 45 MCM yearly, estimated 
cost is about US$ 84.4 million. 

• Al- Wehdeh Dam: With a storage capacity of 225 MCM, designed to supply an average 
of 85 MCM yearly. Its estimated cost is about US$ 200 million. 

• Al- Samra Wastewater Treatment Plant estimated cost is about US$ 150 million. 

2.10 Integrated approach to water demand management and pollution control:  
Tadla Resources Management Project, Morocco 
Ms Patricia Bakir, Country Representative, Chemonics International Inc. 

Improving water demand management and pollution control requires an integrated 
programme of technical, managerial and policy activities to ensure long-term and widespread 
success. An example of one such programme is the Tadla Resources Management Project in 
Morocco, which includes the incorporation of new technologies, institution-building for local 
and national institutions and national-level policy and legislative changes. 

With water demand expected to exceed supply by 2020, improved management of 
water resources is the key to Morocco's future sustainable development. The Government of 
Morocco has embarked on an ambitious programme of increasing water supply by building 
dams and mobilizing large quantities of water, primarily for agriculture. However, this 
successful policy of water supply augmentation is reaching its limits as competition increases 
among industrial, agricultural and domestic users for the available water resources. Ninety 
per cent of the water supply in Morocco is used for agriculture. In addition, there is a serious 
deterioration in water quality due to pollution from agriculture. 

The Government of Morocco is addressing this problem through an increased 
emphasis on water demand management – both through water conservation and prevention of 
water pollution. The Tadla Resources Management Project (MRT) is one of several projects 
funded by the United States Agency for International Development, which supports this 
focus.  

The objective of the Tadla project, managed by Chemonics International, was to 
increase long-term competitiveness and environmental sustainability of irrigated agriculture, 
through an integrated programme including: 
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• increased water savings using improved canal system management efficiency and on-
farm water management 

• reduced water pollution through rational use of nitrogen fertilizer and pesticides 

• improved local management through the establishment of water user associations 

• improved irrigation water resources management at the national level through the 
adoption of rational water policies and institutional development 

• dissemination of project techniques and results to other irrigated areas. 

The Tadla irrigated perimeter is 97 000 hectares, with a canal network of 3000 
kilometres. Eighty-two per cent of the 27 000 farmers have land of less than 5 hectares. In the 
past, water supply was provided and managed by the government. 

Over a dozen technologies were introduced in Tadla, which significantly reduced 
agricultural water demand, including the following. 

• Laser leveling, which uses laser-guided levelers to level fields to a flat (zero) grade, 
ensuring even distribution of irrigation water.  The project supported entrepreneurs in 
acquiring the levelers and then establishing a business providing this service to farmers. 

• Low-cost portable weirs designed to measure flows in canals that can be transported 
around a farm. The weirs, constructed locally and costing only US$ 40, allow farmers 
to monitor their irrigation stream and verify the water volumes billed to them by the 
irrigation district. 

• Establishment of agro-meteo monitoring stations to assist with water demand analysis 
and estimating crop water needs. 

• Development of irrigation planning and scheduling models to be used directly by 
farmers. 

• Geographic Information System technology to monitor the irrigation network, drainage 
network, separate farm parcels, environment, soils and topography. 

• Establishing real-time automatic flow-monitoring stations. 

• Using canal hydraulic simulation models to improve canal conveyance efficiency. 

• Establishing a soil and water quality monitoring network for identifying of zones at risk 
of pollution and sources of water pollution. 
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A number of water user’s associations were formed, with 10 000 farmers joining by 
the end of 1999. These served to integrate farmers into the government water allocation and 
management programmes. In addition, programmes encouraging the rational use of fertilizers 
and integrated pest management were instituted.  

The integrated programme of activities implemented resulted in several benefits. 
Water savings were attained by employing laser levelling. While water consumption was 
reduced by 20%, yields improved and labour requirement decreased. Total water savings as a 
result of all activities totalled 82 million cubic metres of water yearly– enough to supply 55% 
of the annual consumption of Casablanca, a city of 3 million. 

Farmer management of water supplies increased through the formation of 23 water 
user’s associations covering 38% of the irrigated areas. Crop yields increased by 30% while 
reducing water pollution. Fertilizer use was reduced by 25%, while pesticide application 
periods by decreased by 60%.  In terms of water policies and institutional developments, 
several mechanisms were established to change ORMVAT, the regional government office for 
irrigation perimeters, to a semi-autonomous agency. Legislation supporting improved water 
pricing was also successfully passed.  

As illustrated, by instituting both national and local-level changes, the project 
successfully increased water conservation and reduced water pollution. 

2.11 Role of education and public awareness in water demand management: 
experience of the Jordanian Environmental Society 
Dr Odeh Jayousi, Associate Professor, Civil Engineering Department, 
 College of Engineering, Applied Science University 
Mr Ahmad AlKofahi, Environmental Specialist, JES 

The need for and value of water are rising due to rainfall fluctuations, water pollution, 
urbanization and the impact of global warming. The Dublin Statement and Agenda 21 address 
some principles of water management. One of these principles is “management of water 
resources at the lowest appropriate level”. The Water Vision 21 recognizes that water 
management requires the involvement of the government, civil society and the private sector. 

During the past three decades, the development of water resources in Jordan has been 
focused on supply-side water development plans, such as building hydraulic structures by 
public sector while the private sector has exploited groundwater resources. Nevertheless, 
these efforts were not able to meet the country’s water demand. The growth in demand has 
led to the exhaustion of surface water and to groundwater over-extraction. 

Efforts to meet water demand in Jordan include supply enhancement, optimization of 
water use in all sectors and demand management. In addition to the conventional ways of 
addressing this issue through supply augmentation, many measures have been taken to 
enhance water supply and reduce demand. These include: wastewater reuse, desalination, 
water harvesting, cloud seeding and raising public awareness.  
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In addition to rehabilitating the water networks in Jordan, the Ministry of Water and 
Irrigation (MWI) and the Jordan Environmental Society (JES) have launched water 
conservation and public awareness campaigns. These efforts have resulted in a positive 
impact on water conservation. 

JES has developed an extensive programme for water demand management. Of 
significant value is that this initiative by JES addressed water conservation at four levels. 
They include: “Needs”, “Institutions”, “Technology” and “Adaptive Capacity”.  The design 
and rationale of this project is based on the notion that the project will play the role of a 
change agent and it will establish an enabling environment for water education and change in 
habits and attitudes.  

The project recommends enhancing the social adaptive capacity of the local people in 
Jordan. Social adaptive capacity refers to the set of norms and attitudes of people to cope 
with water deficits. In other words, their ability to harness technology, accept institutional 
changes, and adapt to new consumption patterns. The JES experience reveals that water 
projects need to be designed as change agents that are directed towards influencing the 
philosophy of the water sector and developing the sector’s capacity.  

2.12 Marginal water use in agriculture 
Mr Andreas Kuck, Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) 

The countries of the Middle East are faced with two difficult tasks: adequate 
distribution of scare internal water resources, and resolving water allocation conflicts that 
exist among the various sectors. 

In Jordan, for example, provided that sufficient irrigation water is available, the 
Jordan Valley allows the cultivation of off-season fruits and vegetables. However, the 
growing population in the highland, industrial growth and developments in tourism are 
demanding additional water quantities. In such conditions, an overall plan to integrate the 
competing sectors’ interests at a national level is needed.  As well, water use and distribution 
within the agricultural sector and on the farm level must be optimized. This distribution must 
provide water that is adequate in quantity and quality so that different crops receive their 
irrigation requirements.  

Food security is a legitimate concern of all countries. However, self-sufficiency 
requires in the order of 1000 m3/capita/year of water. Areas such as Jordan and the Palestinian 
territories have less than one fifth of this quantity. Many believe that the solution is ‘virtual 
water’. Consequently, food security is expected to be attained through strong and diversified 
trading activities rather than by growing the needed crops. 

 Reallocating water away from agriculture towards rapidly growing urban centres is 
the current inclination. This is especially the case where agriculture contributes a small 
percentage to the national GDP of countries like Israel and Jordan. Consequently, it can not 
be expected that large additional freshwater sources will be made available for agriculture 
due to the increasing demand for water by the municipal and industrial (M&I) sectors. 
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Nevertheless, complementary use of resources is possible by reusing the effluent from 
wastewater treatment plants. At the same time it must to be pointed out that the prospects of 
water reuse are less than one might expect. Although some countries like Tunisia and Israel 
have extensive wastewater use programmes, the available wastewater quantities remain 
limited. This is partly due to the consumptive uses by M&I sectors, restrictions in sewerage 
services, and losses in transit and treatment. Only 25% of the supply to the M&I sectors is 
left as discharge for reuse in agriculture. Although sewerage coverage expands as economies 
grow, the respective percentage may only amount to 50% of the M&I effluent being available 
for water reuse in irrigation. 

What might seem as competition between economic sectors in the struggle for scarce 
water resources is actually more of a challenge requiring close cooperation. Different sectors 
of the economy have different characteristics with respect to their water use (water 
consumption). In most cases, the M&I sectors are using rather than consuming the supplied 
water. A significant portion of the supplied water to these sectors can -after proper treatment- 
be directly applied to agriculture. 

With increased M&I water use, extended sewer networks, and improved wastewater 
treatment of, the increased effluent and sludge quantities from treatment plants will have to 
be disposed off safely. Agricultural water reuse and the application of biosolids on fields shall 
provide an excellent, ecologically suitable and economically feasible disposal option. 

A holistic approach, which takes into account the needs of both water users (M&I) 
and water consumers (agriculture) is needed to alleviate the region’s permanent water 
scarcity. Properly treated wastewater and slightly saline water can provide a major share of 
the irrigation water demand on the farms.  

Consequently, the decision is not necessarily an ‘either-or’. The solution lies in an 
organizational, legal and technical framework, which can serve the major water needs of all 
economic sectors. Therefore, instead of blaming the agricultural sector for consuming some 
70% of water resources, as is frequently done, the leading question should be how to achieve 
cooperation between the different economic sectors. 

2.13 LEMA strategies, ongoing programme and initiatives for increasing the supply 
system efficiency and water utilization in Amman, Jordan 
Mr David Roberts, Executive Director, LEMA Company, Amman, Jordan 

LEMA is a local Jordanian company, 75% owned by Ondeo Services, a world leader 
in the water sector, and 25% owned by local consulting firm Montgomery Watson Arabtech 
Jardaneh. The contract covers the governorates of Amman and Zai, a population of 1.8 
million people.   

LEMA’s demand management approach includes a constrained water supply and a 
future water supply that is tariff influenced. The contractual targets of LEMA encompass: 

• Increasing the accounted-for water and the duration of water provision 
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• Reducing response time for leak repair and accounts receivable 

• Implementing a programme for controlling illegal use of water, a safety and 
preventative programme for all LEMA facilities, and a customer information plan. 

The outlined issues to be addressed in LEMA’s operations and management  
contract are: 

• high unaccounted-for water rates 

• constant visible water leaks 

• low collection rates 

• insufficient maintenance of assets 

• management solely based on reaction 

• inefficient personnel and organization 

• questionable financial viability 

LEMA’s achievements so far include establishing a call centre that incorporates an 
Automatic Call Distribution Management Information System. The company has successfully 
developed several wells. Pumping stations have been rehabilitated, thereby reducing pump 
breakdown rates. Costs at the Zai Water Treatment Plant have also been reduced by 14%, the 
equivalent of JOD 900 000 per year. Moreover, it is worth noting that profitability has risen 
despite increased costs. 

Despite LEMA’s numerous successes, the city of Amman is still faced with a number 
of challenges. They include:  

• Maintaining a high level of cash collections without a high level of disconnections 

• Changing the current attitude towards theft, especially in southern Amman 

• Limiting physical losses before restructuring is completed and reducing losses as newly 
restructured areas are available 

• Developing a customer focused, performance culture at all levels, and finding a 
solution for ineffective staff. 
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2.14 Social marketing as a strategic tool of water demand management: WEPIA’s 
experience in Jordan 
Ms Mona Grieser, Chief of Party, Water Efficiency and Public Information for Action, 
Amman, Jordan 

The Water Efficiency and Public Information for Action (WEPIA) programme of the 
Ministry of Water, funded by the United States Agency for International Development 
(USAID), has spent the past year and a half implementing a social marketing programme on 
water conservation.  

Previous activities over the past 8 years had set a foundation of awareness of water 
scarcity but had made few gains in terms of widespread acceptance of personal responsibility 
for water behaviour or for encouraging large users of water to reduce their consumption rates.  

Using social marketing principles, WEPIA identified a number of key barriers and 
constraints hindering the adoption of water conserving technologies and behaviours. These 
included the lack of a reliable and widespread supply of simple water-saving devices 
(WSDs); lack of knowledge about how such devices work, where to purchase them, how to 
install them and what they cost; and lack of quality content of sanitary equipment, both 
imported and locally manufactured, so that inefficient toilet tanks, showers, etc. were widely 
available.  

In addition, examination of construction codes, customs regulations and 
environmental law pointed to relatively little regulatory authority over use of water. 
Segmentation and research on specific audiences provided the programme with specific 
information about belief systems and knowledge levels. At the same time, a sample study of 
over 500 large consumers and 3000 residences in Jordan indicated that there was certainly 
room to make water use more efficient by focusing on technology rather than behaviour. 

WEPIA has therefore focused on a few simple messages: the WSDs easiest to install 
and use, where can they be found, how are they used, their costs and their immediate benefits 
to users. This latter message is particularly important, as it became evident early on that 
Jordanians feel very vulnerable when it comes to water, and that messages of nationalism and 
supporting the national good were unlikely to be effective.  

Efforts by WEPIA have resulted in a complete revision of construction codes, 
tightening standards for all future construction in flow rates and pressure. Measures are 
currently in place to reduce for a period of two years the customs duties on all efficient water 
equipment.  At the time of WEPIA’s launch in February 2000, suppliers of sanitary hardware 
together had sold only 100 faucet aerators during the year.  An aggressive promotional 
campaign funded by WEPIA in April of 2001 resulted in sales of over 1400 aerators in one 
day.  
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2.15 Water demand management in Bahrain 
Dr Mohamed Qamber, Head of Maintenance, Water Distribution Directorate, 
Ministry of Electricity and Water, Manama, Bahrain 

Natural sources of water in Bahrain are limited to ground water. Water scarcity is the 
result of very limited sources of rechargeable freshwater.  The annual freshwater allocation is 
estimated to be 162 m3/capita/year against an average international availability of  
1000 m3/capita/year. This is expected to further decline to 89 m3/capita/year by 2025. 

Water demand in Bahrain in 1975 amounted to 16 million gallons per day  
(mg/d). Ten years later, demand increased up to 48mg/d, an increase of 200%. In 1986 
various corrective measures were enacted in order to manage water demand within affordable 
production and safe limits of extraction. Estimated demand studies carried out in the 1990s 
projected demand levels that could not be satisfied with the available resources. A decision 
was then made to manage the supply within an environmentally, socially and economically 
sustainable balance between the available resources and demand. 

The Ministry of Electricity and Water of Bahrain designed a strategy to balance the 
overall production and supply based on legitimate domestic and industrial demand. 
Accordingly, a maximum supply ceiling of 70 mg/d was introduced in May 1994. This 
measure led to expensive commitments towards demand management in terms of adopting 
practical strategies to reduce leaks, waste and other excessive uses. These measures included 
the following: nonstandard service pipe replacement; waste detection and management; 
pressure control; metering and tariff introduction; plant protection; water conservation; and 
the introduction of water bylaws. 

As a result of applying the above techniques, consumption statistics of the past  
15 years indicate that the annual increase in supply dropped from 11.8% to 1.19% between 
1985 and 1999. The annual supply variation was maintained within am affordable 1.7% 
variance, limiting the demand within the water production capacity, thereby confining 
abstraction within an acceptable level [domestic only]. The trend of the actual supply 
compared with that of the forecasted demand highlights the programme’s success in further 
reducing demand by 10% to 15%. 

The recent demand management strategy is geared towards enhancing the distributed 
water quality to meet international standards and reducing groundwater abstraction to the safe 
levels of 8 to 12 mg/d. 

Unaccounted-for water (UFW) is an index that reflects the efficiency of the 
distribution system and the performance of the water distribution authority. The Bahraini 
approach in tackling UFW is to identify and eliminate its components in an organized and 
holistic manner using the appropriate tools and procedures. Initial UFW figures were 35.5% 
of the water supplied in 1993. These were eventually reduced to 23.98% in 2000. 
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The losses from leaks are continuously monitored and corrective measures are applied 
to reduce the leakage percentage to the targeted level. The leakage level dropped from 25% in 
1993 to 19% in 2000, indicating an 81% efficiency of the distribution system. 

The Ministry of Electricity and Water has increased its efforts in water conservation. 
The new measures adopted are those of demand-side management. They are expected to gain 
increased public support for the conservation of limited natural resources. The focus is to 
satisfy customer water needs in the most cost effective and efficient manner, while 
minimizing any adverse environmental impacts. The reliability of conserved water depends 
on the accuracy of the estimates of potential savings, expected benefits, and costs. 

Water conservation efforts in saving wastage through detecting high consumption 
premises and analyses revealed high leakage levels. Last year, leaks were identified and 
rectified in 34.2% of the premises studied. This in turn saved the Ministry 18 526 m3/d.  
In terms of cost, the savings amounted to BHD 2.7 million a year. In addition to leakage 
detection, retrofitted devices were installed in public areas. This has led to an average 
reduction in consumption of 12%.  

The Ministry of Electricity and Water is in the process of introducing water bylaws to 
prevent water wastage, undue consumption, misuse and contamination. The aim from these 
laws is to enhance the quality of material, workmanship, plumbing standards and storage 
capacity, and to set controls over the appliance rate of flows to serve water conservation. 

The savings through various demand management programmess may not have 
significant impacts over the supply levels but the achievement would be significant on the 
overall control of the annual demand increase. Accurate evaluation of the savings must be 
made. This will have a positive impact on augmenting water demand in the future. 

In the context of sustainable development, water demand management is the ideal 
way of making water resources more sustainable. Demand management measures are one of 
the prerequisites for sustainable development. All efforts should be made to manage demand 
in the most effective way before considering augmenting water supplies in any significant 
way. 

2.16 Development of water resources in Bahrain 
Mr Mohammed Al-Ansari, Bahrain Center for Studies and Research, Manama, 
Bahrain 

Bahrain consists of an archipelago of over thirty islands and, as most of the Arabian 
peninsula, has an arid to extremely arid climate. Prior to 1925, Bahrain’s population 
depended entirely on the land and offshore freshwater naturally flowing in springs and in 
some hand-dug wells.  

Mechanized well drilling and abstraction of the groundwater was introduced in the 
early 1930s, along with the discovery of oil in Bahrain. Over the past 50 years, while 
agricultural abstraction has fluctuated around 100 Mm3/y, municipal water consumption has 
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increased substantially from 5 Mm3/y in 1952 to about 47 Mm3/y in 1980. Up until the late 
1970s, the country’s water requirements were met entirely by groundwater from the 
Dammam aquifer.  

In order to conserve the country’s scarce water resources, the government directed its 
efforts to develop nonconventional sources of water by constructing a desalination plant in 
1974. Additional plants are being continuously constructed and added. A sewage treatment 
plant was also built in the 1980s to meet the agricultural water demands. 

Water demand in the domestic sector has increased threefold between 1976 and 1986 
due to the rise in the standard of living. Further increases occurred afterwards by 6% annually 
to reach 92 Mm3 by 2000. Demand in this sector is expected to reach 174 Mm3/y in 2010.  

Agriculture is the highest water consumer. It was estimated to have consumed 204 
Mm3 from the Dammam aquifer in 1998. It is worth noting that studies have estimated the 
safe yield of the aquifer to be around 100 Mm3/y. The agricultural sector in Bahrain depends 
mainly on groundwater resources, as the average rainfall is less than 80 mm/year. 
Groundwater resources, however, are not sufficient to meet the increased demands of 
agriculture. The deteriorating quality of groundwater, caused by overextraction, poses further 
limitations on its utilization.  

The introduction of treated sewage effluent (TSE) plants in Bahrain in the 1990s has 
made an alternate source of water for agriculture available. It is imperative that TSE is 
increasingly used so that withdrawal from the Dammam aquifer is reduced. The present 
contribution of TSE is about 14 Mm3. With the expansion of the existing sewage treatment 
plant, TSE is expected to reach 60 Mm3 by 2005 and 72 Mm3 by 2008.  

The industrial sector relies mainly on desalinated water from seawater or brackish 
water. The total requirement of this sector does not exceed 10 Mm3/y and is not expected to 
increase drastically in the coming years.  

As it is neither economical nor practical to replace the Dammam aquifer as a major 
water source for agriculture, withdrawal from the aquifer for domestic and industrial 
purposes is imperative. Moreover, additional supplies must come from desalination plants, 
fed either by seawater or brackish water from Umm Er Radhuma aquifer. 

The first desalination plant in Bahrain was constructed in 1975 with a production of  
8 Mm3/year. The current capacity of desalination plants in the country is about 73 Mm3/year. 
Desalinated water is blended with lower quality groundwater for domestic use. However, a 
greater number of desalination plants are needed to meet potable water demand and to 
minimize the withdrawal from the Dammam aquifer.  

Water desalination in Bahrain started in Sitra Island with two multistage flash (MSF) 
seawater desalination units, each with a capacity of 11 500 m3/day (2 × 2.5 million 
gallon/day). In 1984, the second phase of the Sitra plant was commissioned. In 1984, phase 3 
was commissioned. This phase was comprised of three identical MSF evaporators; each 
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designed to produce 5 mg/d, or 6.8 mg/d at high temperature operation. In February 1997, 
Bahrain signed a contract to build the first phase of the Al Hidd plant. This facility is a  
dual-purpose plant employing a Gas turbine and MSF plant to produce 30 mg/d of 
desalinated water (4 units × 7.5 mg/d) MSF units.  

Desalination plants employing reverse osmosis (RO) also play a role in supplying the 
country with water. The Ras Abu Jarjur Brackish Water RO Plant is one such plant. It was 
commissioned in 1984 to produce 10 mg/d. Its construction was followed by Addur Seawater 
RO plant, which was designed to produce 10 mg/d. 

Supply and demand estimates for water resources in Bahrain indicated a deficit of  
110 Mm3 in 2000. The water situation in Bahrain is precarious due to heavy extraction rates 
from the main groundwater aquifer. Consequently, it is important that proper management 
and decisive action is taken to help control water quality deterioration. Furthermore, the 
scope of demand management should be reviewed according to the country’s priorities and 
requirements. Although the country has strong legislation governing water, the lack of 
political will to implement such legislation has led to miscommunication between decision-
makers and consumers. Extra efforts are needed to convey the grim water situation in order to 
raise awareness among the different water using sectors. 

2.17 Water demand management, conservation and water pollution control in Cyprus 
Mr Iacovos Iacovides, Chief Water Engineer, Ministry of Agriculture, Natural 
Resources and Environment, Nicosia, Cyprus 

Cyprus has achieved a lot in the last 30 years in its quest to optimize the management 
and protection of its water resources.  However, its work is by no means complete. Demand 
management is being increasingly recognized as the economically and environmentally 
preferable alternative to developing new sources.  Efforts are continuing as resources shrink, 
pollution and water demand increase, quality standards grow more stringent and developing 
new sources becomes more expensive. 

The objectives of the water policy of Cyprus have shifted towards water demand 
management and nonconventional water resources in view of the diminishing natural water 
resources remaining to be developed. Among the objectives outlined in the Cypriot 
Development Plan for 1999–2003, two objectives are particularly worth noting:  

• Securing a balance between supply and demand which will be sustainable over time 
and at the least possible cost 

• Promoting demand management through technical and pricing mechanisms and through 
appropriate information to the end users in order to keep increasing water demands in 
check. 
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Demand management measures often have short payback periods. They reduce capital 
and operating costs of water supply and wastewater treatment facilities. Additionally, water 
saved through demand management can be made available to protect wetlands. Reduced 
wastewater and drainage flows can also yield additional environmental advantages. 

The water demand management approach (DM) advantages can be summarized in the 
following manner: 

a) Hydrological advantages 

• Improvement in water quality. Less water is required, thus lesser quality sources 
might be renounced. 

• Improvement in regularity and service levels of the water system. DM techniques 
balance the load in the system, flatten demand curves and stabilize pressures. 

• Improvement in supply and water saving. The DM approach is useful for 
applying emergency programmes in case of drought.  

b) Economic advantages 

• Reduction of public investment in hydraulic infrastructures. 

• Price of water obtained by DM is highly competitive. 

• The DM approach reduces supply costs for the users.  

c) Environmental advantages 

• Reduced pressure on natural water resources. 

• DM does not generate negative environmental impacts. 

• It improves treatment efficiency: less water is used per unit of hydraulic service.  

• Energy is used in the cycle is reduced. 

The Cypriot experience with water demand management continues to incorporate 
measures of water resource protection and water loss reduction. This experience includes the 
following activities.  

• The enactment of legislation for the protection of water resources including “hose 
bans” and the implementation of programmes for increasing public awareness in this 
respect. 

• Continuous campaigns to encourage consumers to save water.  
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• Encouragement of the use of lower grade water such as contaminated or recycled water 
for non-potable needs (e.g. subsidy for the drilling of wells for garden watering in 
urban areas and subsidy for the connection of low grade water sources to WCs); 

• The adoption of operating methods, designs and practices that minimize water losses 
from dams (evaporation control), treatment works (sludge dewatering and recycling), 
conveyance and distribution systems (automation, immediate action on breakages, 
leakage surveys etc.); 

• Water pricing to reflect the actual cost of water and water tariff structuring to 
discourage wasteful use. 

Water pollution control is one of the most important activities in the concept of 
integrated water resources management. This is especially true in areas traditionally lacking 
water. In Cyprus, the existing legislation is composed of the Water Pollution Control Law  
(69 of 1991) and the Protection of Water Law (76(1) of 1992). These pieces of legislation 
contain provisions for preventing pollution and protecting water resources from industrial and 
other activities. 

Many technical and regulatory possibilities exist for improving conservation practices 

and using water more efficiently. Additionally, within each water use sector, water demand 
management programmes put in place different mechanisms to help save water in order to 
bring down existing water demand. Water conservation habits and awareness need to be 
developed and the public must be educated. There are many examples of demand 
management programmes; many can be applied more broadly. 

2.18 Water and wastewater sector reform: the Egyptian experience 
Mr Adel Sharabas, Chief, Central Department of Lower Egypt Projects, NOPWASD, 
Cairo, Egypt 

Water and wastewater services have immediate impacts on population health, 
ecosystems and national economies. From 1981 to date, Egypt has spent over EGP 30 billion 
on water and wastewater systems. Potable water coverage reaches about 95% of the country. 
However, rural areas are underserved. About 38% of the country’s rural population does not 
receive adequate services in terms of quantity, quality and pressure. To add, only 30% of the 
population has access to adequate wastewater services.  The water and wastewater sectors 
suffer from major institutional and technical problems. Duplication of administrative entities, 
low cost–recovery ratios and the lack of qualified management and modern management 
systems are major constraints. 

The Government of Egypt has realized that the water and wastewater sectors require 
fundamental reform in order to improve service delivery, optimize water demand 
management, control pollution.  Extensive reviews of the sectors and identification of most 
problem areas took place over the past few years. The National Organization of Potable Water 
and Sanitary Drainage (NOPWASD) has conducted extensive studies with the assistance of 
national and international consultants and experts. NOPWASD studies have indicated that 
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there is an urgent need to reform the water and wastewater sectors in order to improve their 
vital services.  The principal objectives of NOPWASD’s sector reform proposal are to: 

• Enable and encourage utilities to achieve new service and performance standards with 
the purpose of ensuring service delivery to all citizens. 

• Enable and encourage utilities to achieve operating cost recovery and cost effective 
operation. 

• Encourage the private sector to finance, manage and operate projects in the sector. 

• Create conditions that foster self-financing of governorate water and wastewater 
projects in the future. 

The principal components of the proposed reform are: 

• Creation of an Inter-ministerial Policy Coordination Committee. 

• Creation of a Water and Wastewater Regulatory Agency 

• Creation of an enabling environment for private sector participation 

• Elevation of the General Department for Utilities of the MHUUC to a Central 
Department 

• Reorganization of NOPWASD 

• Reorganization of the sector’s local utilities 

The Government of Egypt is currently preparing the required legislation, and it is 
expected that these decrees and laws will be approved.  It is hoped that those reforms, when 
implemented after a reasonable transitional period, will put Egypt on the right track in 
managing its water demands and controlling pollution. 

2.19 Water demand management, conservation and pollution control in the Islamic 
Republic of Iran 
Ms Alieh Sabetraftar, General Director, Water Quality Department, Water Resources 
Management Organization of Iran, Ministry of Energy, Teheran, 
 Islamic Republic of Iran 

The Islamic Republic of Iran, with an area of 1 648 195 km2 and a population of more 
than 60 million, is located in an arid and semi- arid area. The average annual precipitation 
rate in the country is about 250 mm. This average varies considerably from 50mm per annum 
in the eastern and central deserts to more than 2000 mm in the northern areas. 
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National water demand has risen in the recent decades as a result of rapid population 
growth, urbanization, and industrial and agricultural development. According to 
comprehensive studies on national water resources in 1994, surface water in the country is 
estimated at about 93 000 Mm3, 15 800 Mm3 of which comes from reservoir dams, while  
20 900 Mm3 come from surface waters. Groundwater from different sources was estimated at 
44 500 Mm3.  Based on those studies, cultivated and irrigated areas are about 6.4 million ha, 
consuming 76 000 Mm3 water per annum. Drinking-water, on the other hand, is estimated at 
3200 Mm3. The industrial sector’s allocation amounts to 663 Mm3. 

The Ministry of Energy is the major authority in charge of water supplying and 
delivering water to the different user groups. The Ministry has adopted an integrated water 
resource management policy which includes control measures for water demand and water 
quality and quantity management. These measures were described in the third Social 
Economical and Cultural Development Plan (2000–2004).  In addition to this policy, the 
Ministry is working on a number of plans aimed at water conservation. Among its activities 
the Ministry will be engaged in the following: revising current water laws, regulations, and 
constitutional structures; improving public participation; modernizing irrigation networks to 
increase irrigation efficiency; conducting public awareness campaigns on water conservation; 
and collaborating with the Ministry of Agricultural Jihad and the Department of Environment 
to optimize fertilizer and pesticides application. 

2.20 Water multi-criteria analysis for water productivity in the Azraq Basin, Jordan 
Dr Yasin Al-Zu’bi, Water Protection Director, General Corporation for Environment 
Protection, Amman, Jordan 

Water scarcity in Jordan is a significant constraint to development. As the population 
and economic activities increase, it will be necessary to implement national strategies that 
seek a balance between the population’s present needs and those of future generations. Most 
of the land in Jordan is classified as arid and semi-arid. The groundwater resources of Jordan 
have been subjected to over-extraction far beyond their renewable capacities, as in the case of 
Azraq Basin.  

Several options are being investigated to bridge the gap between the water supply and 
demand in Jordan. These options include water desalination, water transfers from surplus to 
deficit areas and the use of marginal water.  Multiple variables related to agricultural crops 
and industries associated with climate change were incorporated into a multi-criteria analysis 
(MCA). The MCA used an analytical hierarchy process (AHP) to prioritize water use for 
management in the Azraq Basin. The inputs to the MCA were generated by applying the 
Penman Montieth model, and the calculating water productivity for agricultural and industrial 
sectors.  

Under both temperature scenarios, the months of June and July exhibited the highest 
potential evapotranspiration rates. A +2C° scenario shows an increase in potential 
evapotranspiration for all months with an average increase of 5%. The increases appeared 
most noticeable from March to October. In general, the changes in water consumption under 
the higher temperature appeared consistent with patterns of water consumption under normal 



WHO-EM/CEH/101/E 
Page 37 

conditions. Overall, trees were the highest consumers, followed by vegetables, fruits and 
barley.  

The results of the MCA make recommendations as how to enhance long-term 
sustainability of water resources in Azraq, while allowing for water utilization and economic 
growth. The MCA ranked date palms as the highest priority crop with respect to the goal of 
sustainable agricultural use of water. Apparel manufacturing was the most sustainable 
industry. Overall, the industrial sector seems to perform better with regard to water 
productivity than the agricultural sector.  It can be concluded that the MCA tool and AHP can 
positively contribute to the process of decision-making. Of course, the strength of the tool is a 
function of the user’s knowledge. The best decisions are made through the utilization of a 
variety of tools. 

2.21 Water demand management, conservation, and pollution control in Jordan 
Mr Hussein Khandak, Chief, Water Control Department, Ministry of Health, 
Amman, Jordan 

Water is a scarce commodity in Jordan. The per capita share of indigenous renewable 
freshwater resources has been estimated at 175 m3 in 1996. 156 m3 per capita per day is all 
the country can afford to allocate of municipal water to its citizens at present. These figures 
are among the lowest in the world, even within the Middle East. In 2000, a total of  
235.35 Mm3 were supplied for municipal use, 52% of which were unaccounted for. 

Wastewater collection has been practised in Jordan to a limited extent since 1930 in 
the town of Salt. Some treatment was achieved by utilizing primitive physical processes. 
Generally, septic tanks and cesspools were used with greywater often discharged to gardens. 
This practice resulted in major environmental problems, especially groundwater pollution. 

Modern technology to collect and treat wastewater was introduced in the late sixties 
when the first collection system and treatment plant was built at Ain Ghazal/ Amman (AGTP) 
utilizing the conventional activated sludge process. The treatment plant was designed to 
handle an average flow of 60 000 m3 with a BOD5  loading of 18 000 kg/d, for a population of 
300 000. The design effluent standard was BOD5 – 20 mg/l. Due to the strength of the raw 
sewage, i.e. the BOD5 of the incoming sewage, the effectiveness of the activated sludge 
process was drastically reduced.  However, AGTP continued to operate under high organic 
overloading conditions. This led to major operational and environmental problems. AGTP 
produced odours that were a source of public nuisance to the surrounding area. The poor 
quality of effluent from AGTP degraded the quality of surface, ground and irrigation water in 
the area. 

In the decade of International Drinking-Water and Sanitation (1980–1990), the 
Government of Jordan carried out significant and comprehensive plans with regard to 
different issues of wastewater management. It especially focused on those problems related to 
improving sanitation. About 65% of the urban population and 50% of the total population 
gained access to wastewater collection and treatment systems. Consequently, sanitation levels 
and public health improved. 
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Wastewater in Jordan is comparatively low in toxic pollutants such as heavy metals 
and organic compounds given the low level of industrial discharge to sewage treatment 
plants. It is estimated that only 10% of the biological load comes from industrial discharge.  
Over-exploitation of groundwater sources has resulted in degrading water quality in Jordan. 
The concerned governmental agencies have adopted the following strategies towards 
alleviating the ill effects of water scarcity and pollution threats. These include: 

• Searching for new sources. Options include desalination of brackish water and 
seawater; and importing water from neighbouring countries. 

• Harvesting rainwater by building more dams to increase the country’s storage capacity. 

• Implementing water quality-monitoring programmes. 

• Upgrading water networks. 

• Setting institutional frameworks and legislative tools. 

• Setting a national water policy. 

• Imposing water tariffs. 

• Promoting public awareness. 

• Promoting the use of water- saving fixtures. 

• Reusing treated wastewater. 

2.22 Monitoring the quality of potable water in Kuwait 
Mr Khalefa Al-Fraij, Water Resources Development Center, Ministry of Electricity  
and Water, Kuwait 

Kuwait is a desert country. It has very limited rainfall, no natural surface water and a 
growing population. Potable water is water that can be safely used for drinking, cooking and 
washing. This water type is supplied by the Ministry of Electricity and Water to the Kuwaiti 
population by desalinating seawater.  Desalinated seawater is supplied to consumers from 
five stations that employ multi-stage flash (MSF) equipment. Brackish water from 
underground sources is blended with distilled water to add small quantities of essential 
minerals and to improve palatability. The blended water is then pumped into the distribution 
system. This system includes pipelines, underground reservoirs, elevated storage towers and 
tanker-filling stations. Potable water is then supplied by street mains and road tankers.  

The total production capacity for distilled water in Kuwait is 82 455 MIG (million 
imperial gallons) per year. This volume comes from five MSF plants with 44 distillation 
units. The four associated blending plants have a total capacity of 88 475 MIG per year. From 
these plants, water is pumped into the distribution system. This system includes  
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65 underground reservoirs, 39 storage towers and 13 175 km of pipelines.  With such a 
distribution system, it is essential that the potable water reaching consumers is safe and 
palatable. Consequently, the quality of potable water supplies must be carefully monitored. 

In 1968 the Ministry of Electricity and Water established the Water Resources 
Development Centre (WRDC) to monitor the quality of potable water and conduct research 
on the development of water resources. By conducting bacteriological and chemical analyses, 
the Centre’s analytical laboratories are responsible for the continuous monitoring of water 
quality.  The criteria used in Kuwait for measuring the quality of potable water are those 
outlined in the Guidelines for drinking-water quality (2nd edition, 1993, revised and updated 
in 1998), published by the World Health Organization. The overall monitoring system of the 
Ministry of Electricity and Water and WRDC comprises two parts: the analysis of water 
samples drawn from different points in the distribution system, and the testing and approval 
of material used in the distribution system, according to international specifications. 

Other government authorities are also involved in the study of water quality in 
Kuwait. These include the Ministry of Health and the Environment Public Authority.  
Water quality studies incorporate routine and special monitoring systems. The total cost of 
these monitoring programmes is approximately US$ 4 750 000 per year. 

2.23 Water pollution in Lebanon, proposed solutions – case study  
Mr Bassam Jaber, Consultant, Ministry of Water and Energy, Beirut, Lebanon 

Water demand is continuously increasing due to population growth and the 
improvement of living standards. However, water resources in Lebanon are limited and 
decreasing. Lebanon and neighbouring areas are witnessing a drastic change in climate 
characterized by persistent droughts. In addition, water quality degradation has reduced the 
availability of freshwater quantities for drinking as well as for irrigation. 

There are three types of water pollution in Lebanon: pollution by organic materials; 
pollution by chemicals; and sea water intrusion to the coastal underground water. Each type 
indicates the source of pollution. Pollution by organic materials mainly comes from 
wastewater from domestic use, domestic solid wastes, animal farms, slaughterhouses, 
agricultural fertilizers, hospital waste and food processing waste. Chemical pollution, on the 
other hand, comes from fuel and gas stations, industrial wastewater, pesticides and fertilizers, 
and quarries. Seawater intrusion is the intrusion of saltwater due to excessive pumping of 
groundwater all along the coast. 

Curative solutions are those that are taken after the pollution has occurred. Preventive 
solutions on the other hand, are those steps taken to avoid any possible pollution.  Previous 
and past studies indicate that 70% of water resources in Lebanon were polluted in the early 
1990s. In 1997, however, updated studies showed significant amelioration in areas where 
rehabilitation activities were carried out. 

The Ministry of Energy and Water has established water quality testing laboratories in 
most water authorities.  A monitoring unit was also established within the Ministry.  In 
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addition, it has established various treatment plants for drinking-water. It is also worth noting 
that the Ministry has commenced operations to artificially recharge some underground 
aquifers. 

One example of the continuous efforts occurring in Lebanon concerns the Rachein 
Source, which supplies the region of Tripoli and Zghorta with drinking-water. It was heavily 
polluted by wastewater from Deir Nbouh village. The first step of the solution was a curative 
one. The second was preventive, in the form of constructing a sewerage network to divert 
wastewater from the water spring’s location.  The protection and conservation of water 
resources should be the goal of every government, otherwise the sustainability of water 
resources will be endangered. 

2.24 Water policies in the Libyan Arab Jamahiriya 
Mr Hady Al Miludi, Water Authority, Tripoli, Libyan Arab Jamahiriya 

The Libyan Arab Jamahiriya is an arid country with water resources that are limited 
and poorly distributed. Precise estimates of water supply and demand at the national level are 
difficult to attain. This is due in part to the lack of accurate statistics in the related fields and 
also to deficiency and irregularity in collection and interpretation of hydrological data. 

Projecting the water balance for the coming decades is a delicate task. It is one that is 
closely dependent on the various policies of the sectors of agriculture, industry, urban 
planning, and economic development.  The available water resources in the Libyan Arab 
Jamahiriya amount to 3820 mm3/yr, 170 mm3 of which is in the form of surface water,  
650 mm3 comprises the annual recharge to groundwater, and 3000 mm3 is the acceptable 
depletion rate of non-renewable aquifers. The latter is independently determined for each 
basin on the basis of its hydro-geological characteristics.  

The deficit in the water balance has been growing continuously since the early 1960s. 
It started in coastal areas with intensive irrigation, and later spread south to include oases, 
wadis, agricultural areas and urban centres. The annual drop of water levels varies from less 
than one metre to over five metres. This causes shallow aquifers to dry up and results in 
seawater invasion. 

These occurrences have led the authorities to adopt certain measures to cope with the 
deteriorating water situation. Among such measures is the crafting of legislation aimed at 
regulating the licensing of water use, controlling irrigation time, banning high water 
consuming crops and trees in the affected zones, and imposing charges for domestic and 
industrial water consumption. Other measures include the expansion of seawater desalination 
projects and sewage treatment plants.  

The early 1980s also witnessed the launching of the Great Man-made River Project. 
When completed, this project is expected to convey more than 6 mm3 of freshwater per day 
from the basins of Kufra, Sarir and Murzuk to the northern plains.  
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Two main objectives of the national Libyan water policy are minimizing the water 
budget deficit and preventing water quality deterioration.  These two goals cannot be 
achieved without the full cooperation of policy makers, water users, and the public at large.  
A national water committee was formed in 1996 and has recommended the following 
measures as part of the national Libyan water strategy. 

• Capacity building and institutional reforms: In addition to intensifying training 
activities in the field of water resources, it is necessary to establish a national water 
council to be entrusted with the development and implementation of national water 
policies. 

• Minimizing water deficits (demand management): Reducing water use by minimizing 
losses especially in irrigation. This is to be accomplished by revamping the country’s 
agricultural policies. 

• Re-programming the utilization of the Great Man Made River programme. 

• Developing conventional and nonconventional water resources. 

• Protecting water resources from pollution. 

• Reviewing and updating water legislation to cope with modern developments in water 
management.  

• Environmental protection.  

• Technical cooperation. 

To sum up, the Libyan Arab Jamahiriya faces a serious water shortage problem that is 
expected to grow in the coming decades. The effect of this shortage is more apparent in the 
densely populated zones along the Mediterranean coast where sharp drops in water levels and 
increasing salinity are commonplace.  No single solution can reverse the trend of the water 
crisis in the foreseeable future, and several measures must be considered simultaneously. 
These include: inter-basin transfers; economizing on water consumption; developing 
additional resources with an emphasis on nonconventional sources; water pricing; educating 
the public on water deficits and irrigation practices; and issuing compatible legislation. 

2.25 Water conservation in Morocco. ONEP’s case  
Mr Mostafa Biad, Chief of Distribution Service, ONEP, Rabat, Morocco 

The economic and social development that Morocco is experiencing has necessitated 
the implementation of new water management measures. In an arid country such as Morocco, 
where water resources are limited and investment in nonconventional resources (water 
desalination) are costly, ONEP (National Office of Potable Water) has adopted a strategy 
based on a demand management approach within the framework of the Moroccan water 
conservation strategy. 
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ONEP has undertaken various measures containing technical, financial, administrative 
and educational aspects with the aim of water conservation. While coordinating with other 
operators in the sector, ONEP’s action plan has included various aspects functioning at 
different levels. 

At the administrative level, ONEP was actively involved in establishing “vigil 
committees”. These committees, headed by local authorities, are responsible for following up 
on water supply development, managing crisis situations and crafting special laws related to 
water use. ONEP also took part in the implementation of water metering. This was mainly put 
in place in public establishments to ensure that water used is paid for appropriately and fully. 

At the technical level, ONEP improved the efficiency of the water network as well as 
implemented various action plans for reducing unaccounted-for water (UFW). It also put 
control measures in place to remedy network leaks and reduce illegal water consumption. 
Moreover, collective metres were replaced by individual ones in order to impose more 
accurate charges for water consumption.  At the social level, to raise awareness about 
Morocco’s difficult water conditions, various educational campaigns were implemented 
targeting the public at large as well as specific social groups such as students, women and 
children. 

The effects of ONEP’s efforts have manifested themselves in a number of 
improvements. Currently almost all cites and centres of different sizes are continuously 
supplied with water. In the urban areas on the other hand, the connection rate has improved 
from 62% to 84%. The rate of water demand was also reduced from 8% to 3%. Water use has 
also dropped from about 1521 liters/day in 1990 to 984 l/day in 1999. To add, the water 
sector’s facilities’ protection and efficiency has markedly improved, while operation and 
maintenance costs have been reduced. 

2.26 Water resource evaluation and conservation in Oman 
Mr Qassim Al Jabry, Director, Department of Muscat Water, Ministry of Housing, 
Electricity and Water 
Mr Hassan Al Ajmi, Hydrologist, Groundwater Modelling, Ministry of Regional 
Municipalities, Environment and Water Resources, Muscat, Oman 

Water demand in Oman has increased as a result of financial development, a growing 
population, growing agricultural sector and industrialization.  Water quality is a major 
concern in Oman. Different water user groups have caused water pollution at different levels. 
Major agricultural developments that use large quantities of fertilizers and pesticides have led 
to groundwater pollution. 

Programmes for conserving municipal water and enacting suitable legislation are 
necessary to regulate water use in light of the current water shortage in the country. The 
increasing demand for groundwater in Oman’s main cities also necessitates the immediate 
protection of groundwater supplies.  In an attempt to remedy the water pollution problem in 
Oman, the Ministry of Regional Municipality and Environment and Water Resources has 
issued a tender for protecting groundwater from pollution. This project is aimed at studying 
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and limiting the most important causes of water pollution in the country, as well as proposing 
suitable solutions for this problem.  These objectives include improving and enforcing 
various water pollution regulations aimed at protecting the national environment as a whole 
and monitoring water quality through random field visits to water resource sites.  

The Omani Government has also implemented a programme for conserving water 
supplies. This programme includes the following measures: 

• Promoting efficient irrigation techniques. 

• Replacing crops requiring large water quantities with those requiring small water 
volumes. 

• Maintaining water systems to prevent leaks. 

Leakage control is one of the most important activities in water distribution 
operations. This measure involves detecting and repairing leaks to minimize water loss and 
ensure an efficient water distribution network.  The Ministry of Housing, Electricity and 
Water carried out the Muscat Water Loss Reduction Programme in 1984. The aim was to 
investigate the source of unaccounted-for water in the supply system. The Muscat Water 
Network was divided into 54 zones in order to adequately monitor the network’s water flow. 
According to the results of this monitoring exercise, a rehabilitation programme was 
implemented in areas where excessive flow was recorded. This programme led to substantial 
reductions in unaccounted-for water. 

Finally, increased efforts must centre around promoting public awareness through 
educational campaigns. Legal actions must also be implemented to protect the already taxed 
limited groundwater resources. 

2.27 Analytical framework for assessment of institutional capacity for water sector 
management 
Mr Mohamed Al-Eryani, National Resources Section, United Nations Economic and 
Social Commission for Western Asia (ESCWA), Beirut, Lebanon 

The main water challenge in the region is management. The water problem can be 
greatly offset by improving the management capacity. Often, what remains to be done is to 
develop the institutional capacity to implement these policies.  Concepts such as integrated 
water resources management (IWRM), decentralization, privatization, and demand 
management have been embraced and incorporated in revised water policies which most 
countries have developed over the past decade or so. However, the ability to implement many 
of the modern concepts of IWRM is often hindered by inadequate capacities of water 
management institutions. The first step in the water management challenge is assessing the 
adequacy of the relevant institutional arrangements and evaluating the capacity of the existing 
institutions.  To attain this goal, a framework is needed.  

The framework must highlight the management/institutional implications of each of 
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the main water problems in the region. It should also provide insight into the main elements 
of water sector management. These should be examined when assessing the adequacy of the 
water sector’s institutional arrangements and the management capacity of its institutions. 
Moreover, the framework should develop a detailed checklist of 100 items of various aspects 
to be examined.  Five elements must be assessed: 

• The basis or foundation of the state’s role in water management and the mechanisms 
and approaches which governments follow regarding water and water management. 

• The institutional arrangements and structures for water sector management; the 
framework through which governments formulate, implement, and review and revise 
water policies. 

• The structures and mechanisms for coordination.  These include those structures and 
mechanisms for coordinating policies and developing activities so as to avoid overlap 
and conflict and to link water policy and development to socioeconomic development 
planning. 

• Mechanisms and instruments for water monitoring. These incorporate the capacity of 
the institutions to monitor and periodically assess the resources (quality and quantity) 
and to produce the information required to properly manage the resources and to 
monitor the development activities as well as adherence to various criteria and 
specifications 

• Mechanisms and instruments for enforcement.  These are the systems, tools, and 
instruments of enforcement, such as command and control measures, market 
instruments and awareness raising. 

For water managers in the ESCWA countries, the last decade or so may be described 
as the decade of working with new concepts in water management and of development of 
policies that embrace these concepts. Resource sustainability has been the overarching goal 
while integrated management and demand management have been two of the main concepts 
which are being used to achieve this goal. 

2.28 Water quality regulations and wastewater treatment and reuse in Saudi Arabia 
Mr Hatem Al-Motairi, Head, Water Quality Section, Pollution Control Directorate, 
Meteorology and Environmental Protection Administration (MEPA), Jeddah,  
Saudi Arabia 

Water resources in Saudi Arabia can be categorized as follows: surface water; 
groundwater; desalinated seawater; and treated wastewater. In 1995–1996 the estimated 
contribution from surface water and renewable groundwater was 13.8%. Nonrenewable 
groundwater composed 81.5%, while desalinated seawater comprised 3.8% and reclaimed 
municipal wastewater only 0.8%. 

Since its establishment in 1974, The Saline Water Conversion Corporation (SWCC) 
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has constructed 25 plants with a daily water output of about 2 million cubic metres (Mm3) of 
desalinated water. The major desalination plants are located in 15 different sites, 12 of which 
produce 0.793 Mm3/d.  Other sites located in the east coast produce 1.145 Mm3/d. Some 
plants are confined to seawater desalination, while others have the dual purpose of producing 
drinking-water and generating electricity.  

Although there is an acute water shortage in the country, treated wastewater is 
unfortunately being wasted. Currently, other than 150 Mm3 of treated wastewater, all of the 
reclaimed wastewater is discharged into the sea or wasted. It is estimated that the wastewater 
generated in the country will increase to amount to a volume of 1500 Mm3 by 2000.  

The Ministry of Agriculture and Water strongly encouraged reusing treated 
wastewater with the passage of Royal Decree no. M/6 in 1999.  Notably, 40 000 m3 of treated 
wastewater are daily put to use in Riyadh for irrigation.  Riyadh refinery utilizes 20 000 m3/d 
for cooling purposes. In addition, there are other projects currently being carried out for 
irrigating farms in Mazahmia, Druma, Jebilah and Al Oiynah. Furthermore, feasibility studies 
are being carried out for utilizing this water in both Medina and Qassim. Treated wastewater 
is also currently used in many Saudi cities for landscaping. On a slightly different note, Saudi 
Aramco is treating wastewater at Mubarraz Dhahran and Tanajeeb at a tertiary level for 
unrestricted irrigation. The Government of Saudi Arabia is urging other agencies to develop 
their own wastewater treatment plants to utilize water in irrigating purposes. 

Due to the positive response by Saudi citizens, the Ministry of Agriculture and Water, 
in cooperation with the Ministry of Municipal and Rural Affairs and wastewater authorities, 
has prepared a draft on national standards of treated wastewater in Saudi Arabia. The 
proposed regulations include standards for domestic and industrial wastewater and levels of 
treatment required. 

The Saudi Arabian government has concurrently implemented an integrated water 
policy through its ministries, organizations and agencies in order to better manage its water 
resources.  This policy includes the following measures. 

Main policies and strategies 

• Restriction digging wells, which will only be authorized after a license is obtained from 
the Ministry of Agriculture and Water.  

• Encouragement of the construction of specialized projects and plants in main cities to 
pump the treated water through pipeline networks to farms in villages and rural areas. 

• Adoption of a strategy promoting agricultural production diversification and water 
saving crops. 

• Use of advanced irrigation techniques such as drip and sprinkler systems to improve 
irrigation efficiency and reduce water use. 
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• Moving of some fodder and cereals areas from high crop zones to lower water 
requirement areas. 

• Establishment of several pricing categories for penalizing subscribers in a way that will 
lead all water users to conserve water. 

• Adoption of nationwide campaigns to educate and spread public awareness about water 
conservation. 

• Encouragement of scientific research aimed at finding additional sources to benefit 
from wastewater. 

Rules and regulations 

• Wells drilled in violation of established regulations were destroyed. 

• A network programme for monitoring underground water has been established to check 
water levels and movements throughout the country. 

• Fines and penalties, including imprisonment, have been imposed for polluting water or 
other environmental resources by disposal of waste oil, batteries, industrial or 
cosmopolitan waste, hazardous waste, or other pollutants affecting water or soil. 

• Organizations or companies that own housing complexes have been instructed to use 
drainage water or recycled wastewater for watering their lawns. 

Recommendations 

• Approximately 30% of all generated municipal wastewater is collected and treated. 
There is an immediate need to rapidly expand sewerage systems and treatment capacity 
to include all generated wastewater. This important from environmental and public 
health standpoints; it is also economically beneficial when considering the costs of 
damage caused by a rising groundwater table. 

• It is estimated that only 8% of all generated municipal wastewater is accounted for in 
direct reuse applications. Reuse of treated wastewater in agricultural and landscape 
irrigation should be given priority. This is an important conservation measure. 
Reclaimed wastewater can supplement the already declining water supply that has to be 
satisfied through costly seawater desalination or depletion of nonrenewable 
groundwater. 

• The absence of guidelines for treatment plant selection, and treatment objectives 
specific to Saudi Arabian requirements, has led to the construction of treatment plants 
with diverse technologies and objectives. Many of these plants do not give attention to 
local needs, technical capabilities and quality control measures. It is important at this 
stage to learn from experiences at existing plants and establish clear and enforceable 
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guidelines to be followed for plant selection and design based on local needs and 
specified national goals. 

• Only a few of the currently operating treatment plants have effluents suitable for actual 
disposal practice or reuse options. This is because the remaining plants either have 
operation and maintenance problems or because the treatment scheme is not suitable for 
the application. Mismanagement of treatment plants has to be stopped and effluents 
have to be disposed of and/or reused in a way compatible with effluent quality. 

2.29 A strategy for the drinking-water and sewage sectors in the Syrian Arab 
Republic 
Ms Intisar Mardini, Director, Environmental Protection Department, Ministry of 
Housing and Utilities, Damascus, Syrian Arab Republic 

Water projects in Middle Eastern countries suffer from a number of problems. These 
difficulties affect the economic climate in these nations. Exponential rates of population 
growth are coupled with decreasing water quantities.  The total volume of water available 
throughout the Syrian Arab Republic for industrial, agricultural, municipal and commercial 
matters is inadequate. At the end of 2001, the Syrian population is projected to amount to 18 
million.  Supplying the population with drinking water is an overwhelming task. The Syrian 
public utility faces difficulties due to exponential rates of population growth, and the rising 
costs of water projects. 

There are several Ministries involved in water activities. They include the Ministry of 
Irrigation, Ministry of Housing and Utilities and Ministry of Local Administration and 
Agriculture. These authorities are responsible for planning, operational purposes, monitoring, 
and regulating activities.  The main policy of the Ministry of Irrigation is to distribute the 
available water resources based on prioritizing drinking water requirements. The Ministry of 
Agriculture, on the other hand, as part of its responsibilities has adopted new irrigation 
methods to replace immersion irrigation. The Ministry has promoted modernizing superficial 
irrigation through symphonic tanks, and furrow lines sewage flow, which will increase 
efficiency from 35% to 40% and reduce waste by up to 60%. 

2.30 Water demand forecast and management of the United Arab Emirates 
(2000–2010) 
Dr Hassan Al-Hosani, Director of Projects, Abu Dhabi Water and Electricity 
Authority, ADWEA, United Arab Emirates  

Due to the arid climate in the area and the United Arab Emirates in particular, the 
natural water resources are limited. A great need for other water resources such as desalinated 
water, to cover the shortage in the water supply as a result has quickly emerged.  Water 
resources in the United Arab Emirates include four types: underground water; surface water; 
desalinated water; and treated wastewater (recycled water). 

At present, multistage flash (MSF) plants are the most reliable source of freshwater 
produced from desalinated seawater. All the major plants of Abu Dhabi Emirate employ this 
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technology.  The growth in water demand in Abu Dhabi is relatively higher than in other 
countries due to population growth and agricultural and industrial development. Water 
consumption continues to indicate approximately 40% domestic demand and 60% bulk 
demand. 

Despite the increase in water supplies, water remains scarce in many localities in Abu 
Dhabi. Water scarcity may be caused by the following: 

• a rapid increase in land for farming and landscaping 
• exponential population growth 
• high per capita consumption 
• construction of villas and shalihat 
• development of industrial areas 
 

In summary, the following conclusions may be made about the water situation in the 
United Arab Emirates. 

• The growing demand for water in Abu Dhabi has increased the need for desalination 
capacity. 

• The available technologies of desalinated water production are as follows: 

– Multistage flash (MSF) distillation 

– Multi effect (MED) distillation 

– Reverse osmosis (RO) 

• Multistage flash (MSF) is the most predominantly used technology in Abu Dhabi. 
However, the power and water requirements determine the type of desalination 
technology and power–water ratio. 

• Under the privatization programme, ADWEA is encouraging the public to use less 
water. 

• ADWEA is now using large diametre pipelines (DN1600 mm) to transmit water. All 
pipelines used in the transmission and distribution system are made of ductile iron. 

• Water supply schemes are being constructed for agricultural purposes. The farms are 
given to citizens to encourage the agricultural sector and local production of food. 

• Water from well-fields may only be used as a natural reserve for emergency use. 
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2.31 Global water partnership activities carried out in the Mediterranean Region: 
2001 working programme 
Mr Patrice Couillaud, Programme Officer, Blue Plan for the Mediterranean Regional 
Activity Center, France 

In 1997, water experts from most Mediterranean countries met at the Mediterranean 
Commission for Sustainable Development (MCSD) where they concluded that water demand 
management had to be strengthened in national water and development policies. In the short 
term, water demand management seems to be a good option to delay expensive investments 
for providing additional supplies.  The Contracting Parties to the Barcelona Convention in 
1997 drafted the following water demand management recommendation guidelines for 
action: 

1) To incorporate water demand management effectively in national water strategies, as 
well as develop environmental policies through: 

• Promoting the incorporation of demand control objectives in water planning 
policies and water conservation policies 

• Conducting feasibility studies on water conservation possibilities  

• Promoting the investment in activities that use water as efficiently as possible. 

2) To develop among the public, stakeholders, managers and decision-makers an 
awareness of the importance of wastewater and water loss, both in economic terms 
and volumetrically. In doing so, it is hoped that a sense of responsibility will develop 
among users with a view to better management of water demand. This is to be 
achieved by: 

• Implementing awareness promotion campaigns at all levels 

• Facilitating access to information on water demand: such as water pricing and 
charging; facilitating the exchange of information though the Euro-Mediterranean 
information system. 

3) To spread knowledge and awareness of the potential advantages to be gained from 
economically managing water demand, through:  

• Setting up mechanisms for collecting data in order to gain better knowledge of the 
efficiency of networks  

• Metrology  

• Developing more accurate information on water use in each sector 

• Institutionally strengthening and permitting regular analyses of relevant measures 



WHO-EM/CEH/101/E 
Page 50 

and data to supply decision-makers with accurate factors on which to base 
decisions. 

4) To undertake practical demand control activities such as: 

• Improving water distribution networks. 

• Developing systems of prices and charges. 

• Helping users understand the meaning and objectives of financial incentives. 

• Promoting better incorporation of demand management in all sectoral policies to 
reduce water demand. 

5) To encourage cooperation among groups of countries facing the same demand 
management problems and shortages by: 

• Encouraging the transfer of know-how such as the transfer of technology and 
training, the exchange of experiences among countries 

• Implementing economic and technical cooperation on water with the objectives of 
water demand management 

2.32 Decision support system for domestic demand management 
Dr Loay Froukh, MWAJH/ Jerusalem 

Decision-making can take considerable time. This is particularly true with multi-
dimensional or multi-solution problems. Automating this process with help of a decision 
support system, which includes an expert system, renders the management process efficient 
by giving the user access to a database of experiences in the decision-making process. 

A decision support system for domestic-water demand management (DMS) has been 
developed as part of a highly integrated decision-support system for river-basin management 
(WaterWare). The system provides water resource planners with the facilities for managing 
domestic water demand for any region and time period. The system is generic and the 
information used gives the user several options based on the existing conditions.  It allows for 
computing conservation effectiveness by implementing various demand-management 
measures. Such measures include: metering, pricing, pressure reduction, saving devices, 
public awareness, plumbing codes and water use regulations. 

Demand management can be achieved by implementing one or more conservation 
measure(s) in a given area and time period. These measures can be applied independently or 
in different combinations of two measures or more.  In general, the system is composed of the 
following elements: a geographic information system; a database management system; an 
expert system; a multi-decision component; prediction models; user-interface; and hypertext 
files.  
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• Deduction procedures: The first step in deducing conservation effectiveness is to 
identify conservation measure(s) from the list of answers. Once a conservation measure 
has been selected, the system will ask user about other variables such as expected 
reduction percentage, and coverage percentage of that measure. The interaction effect 
will be determined based on the proposed and existing measures by the system. At any 
step the user can enter a value or deduce the answer from the knowledge base. If the 
user is unable to identify the appropriate measures, he/she can rely on the system in 
deducing an answer with the help of the multi-decision component. Once all the 
required data is deduced or entered, the system will produce the conservation 
effectiveness indicator either symbolically or numerically. The user can then trace back 
the various steps including source of information by clicking on the Why button. 

• System development and structure: The decision system of domestic-water demand 
management forms part of a highly integrated decision-support system for river basin 
management (WaterWare). WaterWare combines the capabilities of geographic 
information systems (GIS), database technology, modelling techniques, optimization 
procedures, expert systems, user interface and hypertext facilities. The DMS is part of 
the demand forecasting and management system (DFMS). The core components of 
DMS are GIS, expert system, multi-criteria decision and hypertext. 

a) Geographic information systems (GIS): GIS technology provides the 
functionality of storing, displaying and analysing all forms of geo-coded 
information. GIS layers include the major characteristics of river basins such as 
catchment areas, basin boundaries, demand zones roads, cities, urban areas, rural 
areas, satellite images, etc. 

b) Expert system: This system uses rule-based inference and qualitative reasoning in 
the form of question-and-answer sessions to determine the expected conservation 
effectiveness of domestic water. The option of using both qualitative and 
quantitative methods in the same application allows the system to be responsive 
to the user’s requirements and constraints, having regard to the information 
available. The system allows the user to re-deduce answers at any level of 
analysis and to trace back the various steps and sources of information. 

c) Multi-criteria decision: The multi-decision component is based on the theoretical 
concept of decision analysis with multiple objectives. This analysis requires the 
determination of multi-attribute utility functions, which evaluate the joint utility 
value of several measures of effectiveness in fulfilling the various objectives and 
produce the optimal result based on different criteria.  

d) Hypertext files: These files include more information on various conservation 
measures such as the available measure’s efficiency, technology, cost, etc. 

Emphasis has been placed on the importance of the DMS being generic, flexible, 
comprehensive and easy to use. Although flexibility demands greater user awareness, this is 
compensated by user-support facilities in the form of an embedded expert system to help 
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quantify input variables. This expert system is coupled with hypertext, which acts as an 
online guide for users. 

3 RECOMMENDATIONS 

Preamble 

• The conference recognizes that: 

− Water is a valuable resource for the health and well-being of society. 

− Water is a finite resource which must be used wisely and efficiently. 

− Water is a resource which must be conserved and protected. 

− Water is a shared resource which must meet the competing demands of current 
users (human and nonhuman) and those of future generations 

Therefore, water resources must be protected, conserved, developed, managed, used, 
and controlled in a way which ensures efficient, sustainable and beneficial use in the 
public interest. 

• Water demand management within the framework of integrated water resources 
management is key to securing and safeguarding the water supplies of Member 
States of the Eastern Mediterranean Region of WHO and the Western Asia Region 
of UNEP and for sustainable development. 

• The aim of water demand management within the framework of integrated water 
resources management is  that the perceived demand on fresh water must be 
challenged in a serious attempt to match it with the available supplies before 
embarking on the development of additional water resources and supplies. 

• Water demand management within the framework of integrated water resources 
management encompasses the following functions: 

a) Efficient allocation of water amongst competing user groups to ensure that supplies are 
used in a wise, efficient, equitable and sustainable manner for the public interest and 
serve the community’s socioeconomic objectives. In this regard public health 
protection is the most socially beneficial use of water. Thus, domestic and municipal 
water demand must be met first with the highest quality water at all times. 

b) Increasing efficiency of water use to minimize waste and reduce consumption, while 
maintaining the social benefits of water through:  

• efficient supply and delivery systems for municipal, agricultural, industrial, and 
commercial purposes making use of leakage control and efficient conveyance, 
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storage and distribution systems. 

• Efficient utilization by all water user groups once the water reaches the intended 
beneficiaries. Comprehensive and sustained efforts are needed to that end. 

– Municipal water efficiency tools include: universal metering and 
conservation pricing, enabling water efficiency technologies, and 
behavioural change. Other tools include: legislation formulation and 
implementation, incentives and disincentives, and water-efficient 
landscaping. 

– Agricultural water efficiency tools include: water saving technology; water 
metering and conservation pricing; planting of drought-tolerant and salt- 
tolerant crops; use of low quality water; safe reuse of wastewater; adoption 
of water-saving crops and practices; and importing of water-intensive 
crops (virtual water). 

– Industrial water efficiency tools include: conservation pricing; shifting to 
products that require smaller quantities of water in the production process; 
water efficient production processes; and recycling.  

• Allocating water supplies to water uses with the highest social and economic 
returns within each water user group. 

• Quality allocation to match water quality to the intended application.  

c) Strengthening environmental protection policies and pollution controls to meet two 
goals:  

• to safeguard the quality and quantity of scarce freshwater resources; and  

• to safely reintegrate wastewater into the water cycle as a component of the water 
budgets of households, communities, industries and agriculture. 

In this regard the following measures are identified as important: 

• Accelerated extension of environmentally sound wastewater management services 
to unserved communities. New wastewater systems must be developed with the 
objectives of reducing wastewater generation, preventing pollution, and 
maximizing safe wastewater reuse opportunities seeking to free freshwater for 
other uses. 

• Safe greywater reuse in landscaping and other non-potable applications offers 
great opportunities for freshwater savings and should be exploited to the fullest 
extent possible. 
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• Adoption of wastewater systems which maximize safe recycling within the 
framework of integrated water resources management, with the aim of keeping 
water as close as possible to the locations of the generating source and intended 
reuse. 

• Wider application of decentralized modular wastewater systems because of their 
environmental soundness, increased recycling opportunities, and cost- 
effectiveness. 

• Application of these measures must be subject to feasibility studies and 
environmental and health impact assessments. 

RECOMMENDATIONS 

Member States 

• The conference calls on decision-makers and the agencies responsible for water 
development and utilization in Member States to shift to water demand 
management policies and practices or to strengthen existing initiatives within the 
framework of integrated water resources management policies, in order to 
alleviate the crisis of water scarcity and to enhance water security in terms of 
availability and quality. 

• The conference calls upon the agencies responsible for water development and 
utilization in Member States to proactively invest in water demand management, 
conservation and pollution control as a viable and cost-effective means of 
providing water security. Comprehensive and sustained water demand 
management, conservation and pollution control measures are recommended. 

• The conference calls upon the agencies responsible for water development and 
utilization in Member States to adopt rational planning and management practices 
which ensure that water is used wisely and efficiently in the best interests of the 
public. 

• The conference calls for the introduction of institutional and sectoral reforms that  
support water demand management practices, such as establishing a steering 
committee to coordinate and oversee water demand management efforts within the 
water user agencies. 

Secretariat 

• The technical secretariat should consider developing and disseminating a guidance 
document on developing and implementing water demand management in 
Member States. In developing the document, the secretariat should draw on the 
experience presented at the conference from all participating Member States and a 
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consultative process, which ensures the continued input of the conference 
participants. 

• The conference calls upon the secretariat to intensify its ongoing efforts to 
promote water demand management, conservation and pollution control through 
advocacy, mobilization and capacity-building in Member States of the Eastern 
Mediterranean Region of WHO and the Western Asia Region of UNEP. 

• The conference calls upon the Food and Agriculture Organization of the United 
Nations to contribute its expertise in efficient water use in agriculture and to join 
the conference secretariat in regional efforts that address the three main water user 
groups: municipal users, industrial and commercial users, and agricultural users. 

• The secretariat should consider convening a dedicated conference on water 
demand management and pollution control every two years to promote the cause 
of water demand management. 

• The secretariat should consider establishing an information clearing house to 
facilitate the identification, documentation and dissemination of experience in 
water demand management, conservation and pollution control within the Region. 

• The secretariat and other concerned regional agencies and donors should support 
the development of national capacities in Member States through concerted efforts 
that encompass advocacy, mobilization, demonstration and information exchange. 

• The secretariat and other concerned regional agencies are called upon to identify, 
document, and disseminate successful and unsuccessful experiences in water 
demand management. 

• The organizers should make the documentation of this conference widely 
available by publishing the conference proceedings in electronic and printed 
format and disseminating them through the internet. 

• WHO should take the outcomes of the present conference into consideration when 
planning the Regional Conference on Water Supply and Sanitation in the Eastern 
Mediterranean Region for 2002. 

• WHO should develop guidelines for safe use of greywater in non-potable 
household applications. 

• WHO should consider launching a regional initiative on certification of water 
quality laboratories. 
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Annex 1 

AGENDA 

Water security, pollution control and health 

1. Water scarcity and pollution are a threat to public health 

2. Reducing the burden of disease through water security and pollution control 

Water demand management, and conservation 

3. Efficient allocation of water amongst the various water users 

4. Development alternatives: Demand management and efficiency vs. supply 
augmentation 

5. Municipal water demand management:   

• Efficiency of the water supply and delivery systems: leak detection and control, 
metering, customer service improvement, pressure reduction 

• Reduction of water consumption: Public awareness, water education, water 
pricing, metering, water saving fixtures, use of low quality water.  

6. Agricultural water demand management:  supply and delivery system efficiency, 
efficient irrigation methods, crop selection, water pricing, wastewater reuse, 
water education 

Pollution control and safe wastewater management 

7. Integration of pollution control policies into water resources management 
planning: safeguarding the quality and maximizing the reuse opportunities 

8. The close water loop:  wastewater from a problem to a resource 

9. Ecological wastewater management: from centralized to decentralized approach 

10. Strategies for maximizing wastewater reuse opportunities 
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Annex 2 

PROGRAMME 

Sunday, 7 October 2001 

10:00 – 10:30 Registration 

10:30 – 11:30 Opening session 

• Welcome remarks by Dr M. Z. Ali Khan, Regional Coordinator, 
CEHA 

• Address by Dr Mahmood Y. Abdulraheem, Regional Director, 
UNEP/ROWA 

• Address by Dr Hussein A. Gezairy, WHO Regional Director for the 
Eastern Mediterranean 

• Address by H.E. Dr Hazem Al Nasser, Minister of Water and 
Irrigation, Jordan 

• Address by H.E. Dr Faleh Alnasser, Minister of Health, Jordan 

12:00 – 12:30 • Objectives of the conference/Mr Hamed Bakir, WHO/CEHA Adviser  
 for Rural Health and Environment, RHE 

 •  Introduction of participants and election of officers 

12:30 – 13:00 Water demand management and pollution control: key to securing and 
safeguarding the water supplies of the Eastern Mediterranean Region in the 
21st Century/Mr Hamed Bakir. WHO/CEHA Adviser for Rural Health and 
Environment, RHE, Amman, Jordan  

13:00 – 13:30 Water scarcity, pollution and health/Dr Hussein Abouzaid, Regional Adviser, 
Supportive Environment for Health, Regional Office for the Eastern 
Mediterranean, WHO, Cairo, Egypt 

13:30 – 14:00 UNEP regional priorities and position on water resources management/ 
Dr Habib El Habr, Deputy Regional Director, UNEP/ROWA, Manama, 
Bahrain 

15:00 – 15:20 Economizing on water use for crop production in the Near East Region/ 
Mr  Andreas Phocaides, FAO International Consultant, Mr Mohamed Bazza, 
Senior Irrigation and Water Resources Officer, Regional Office for the Near 
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East (FAO), Cairo, Egypt 

15:20 – 15:30 Discussion 

15:30 – 15:50  Long-term finance of water projects: the Islamic Development Bank 
approach/Dr Karim Allaoui, Vice President Operations’ Technical Assistant, 
Islamic Development Bank (IDB), Jeddah, Saudi Arabia 

15:50 – 16:00 Discussion 

16:00 – 16:20  Water, sanitation and poverty in Asia/Mr Peter Cardy, Environmental 
Engineering Manager, DFID, Jerusalem, Mr Brian Baxendale, Engineering 
Adviser, West Asia, DFID 

16:20 – 16:30 Discussion  

17:00 – 17:20  Managing a critical water shortage/Ms Toni Wagner, Director, U.S. Agency 
for International Development (USAID), American Embassy, Amman, Jordan 

17:20 – 17:30 Discussion 

17:30 – 17:50  German regional strategies on water demand management/Mr Burghard Kehr, 
Director, Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ), 
Amman, Jordan 

17:50 – 18:00  Discussion 

Monday, 8 October 2001 

08:30 – 08:50 Ministry of Water and Irrigation’s water sector strategy/Dr Fayez Bataineh, 
Acting Secretary General, Ministry of Water and Irrigation, Amman, Jordan 

08:50 – 09:00 Discussion 

09:00 – 09:20  Water demand management: overview and concepts/Mr Mohamed Bazza, 
Senior Irrigation and Water Resources Officer, Regional Office for the Near 
East (FAO), Cairo, Egypt 

09:20 – 09:30 Discussion 

09:30 – 09:50  Integrated approach to water demand management and pollution control:  
Tadla Resources Management Project, Morocco/Ms Patricia Bakir, Country 
Representative, Chemonics International Inc., Amman, Jordan 

09:50 – 10:00  Discussion 
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10:30 – 10:50  Role of education and public awareness in water demand management: 
experience of the Jordanian Environmental Society/Dr Odeh Jayousi, 
Associate Professor, Civil Engineering Department, College of Engineering, 
Applied Science University, Amman. Jordan, Mr Ahmad Al Kofahi, 
Environmental Specialist, JES, Amman, Jordan 

10:50 – 11:00 Discussion 

11:00 – 11:20  Marginal water use in agriculture/Mr Andreas Kuck, Deutsche Gesellschaft 
für Technische Zusammenarbeit (GTZ), Amman, Jordan 

11:20 – 11:30 Discussion 

11:30 – 11:50  LEMA strategies, ongoing programme and initiatives for increasing the supply 
system efficiency and water utilization in Amman, Jordan/Mr David Roberts, 
Executive Director, LEMA Company, Amman, Jordan 

11:50 – 12:00 Discussion 

12:00 – 12:20  Social marketing as a strategic tool of water demand management: WEPIA's 
experience in Jordan/Ms Mona Grieser, Chief of Party, Water Efficiency and 
Public Information WEPIA, Amman, Jordan 

12:20 – 12:30 Discussion 

12:30 – 12:50   Water demand management in Bahrain/Dr Mohamed Qamber, Head of 
Maintenance, Water Distribution Directorate, Ministry of Electricity and 
Water, 
 Manama, Bahrain 

12:50 – 13:00 Discussion 

14:00 – 14:20  Development of water resources in Bahrain/Mr Mohammed Al-Ansari, 
Bahrain Center for Studies and Research, Manama, Bahrain 

14:20 – 14:30 Discussion 

14:30 – 14:50  Water demand management, conservation and water pollution control in 
Cyprus/Mr Iacovos Iacovides, Chief Water Engineer, Ministry of Agriculture, 
Natural Resources and Environment, Nicosia, Cyprus 

14:50 – 15:00 Discussion 

15:00 – 15:20  Water and wastewater sector reform: the Egyptian experience/Mr Adel 
Sharabas, Chief, Central Department of Lower Egypt Projects, NOPWASD, 
Cairo, Egypt 

15:20 – 15:30 Discussion 
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15:30 – 15:50  Water demand management, conservation and pollution control in the Islamic 
Republic of Iran/Ms Alieh Sabetraftar, General Director, Water Quality 
Department, Water Resources Management Organization, Ministry of Energy, 
Teheran, Islamic Republic of Iran 

15:50 – 16:00 Discussion 

16:30 – 17:00 Discussion, definition of water demand management   

17:00 – 17:30 Water demand management and conservation: SONEDE, Tunisia/ 
Mr Abdelaziz Limam, Manager of Planning and Development, National 
Society for Water Distribution, SONEDE, Tunis, Tunisia 

17:30 – 18:00 Water management and pollution control/Mr Saad Behnam, Director General, 
Baghdad Water Office, Baghdad, Iraq 

Tuesday, 9 October 2001 

08:30 – 08:50  Water multi-criteria analysis for water productivity in the Azraq Basin, 
Jordan/Dr Yasin Al-Zu’bi, Water Protection Director, General Corporation for 
Environment Protection, Amman, Jordan 

08:50 – 09:00 Discussion 

9:00 – 09:20  Water demand management, conservation and pollution control in Jordan/ 
Mr Hussein Khandak, Chief, Water Control Department, Ministry of Health, 
Amman, Jordan 

09:20 – 09:30 Discussion 

09:30 – 09:50  Monitoring the quality of potable water in Kuwait/Mr Khalefa Al-Fraij, Water 
Resources Development Centre, Ministry of Electricity and Water, Kuwait 

09:50 – 10:00 Discussion 

10:00 – 10:20  Water pollution in Lebanon, proposed solutions – case study/Mr Bassam 
Jaber, Consultant, Ministry of Water and Energy, Beirut, Lebanon 

10:20 – 10:30 Discussion 

11:00 – 11:20  Water policies in the Libyan Arab Jamahiriya/Mr Hady Al Miludi, Water 
Authority, Tripoli, Libyan Arab Jamahiriya 

11:20 – 11:30 Discussion 
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11:30 – 11:50  Water conservation in Morocco: ONEP/Mr Mostafa Biad, Chief of 
Distribution Service, ONEP, Rabat, Morocco 

11:50 – 12:00 Discussion 

12:00 – 12:20  Water resources evaluation and conservation in Oman/Mr Qassim Al Jabry, 
Director, Department of Muscat Water, Ministry of Housing, Electricity and 
water, Muscat, Oman, Mr Hassan Al Ajmi, Hydrologist, Groundwater 
Modeling, Ministry of Regional Municipalities, Environment and Water 
Resources, Muscat, Oman 

12:20 – 12:30 Discussion 

12:30 – 12:50  Analytical framework for assessment of institutional capacity for water sector 
management/Mr Mohamed Al-Eryani, National Resources Section, United 
Nations Economic and Social Commission for Western Asia (ESCWA), 
Beirut, Lebanon 

12:50 – 13:00 Discussion 

14:00 – 14:20  Water quality regulations and wastewater treatment and reuse in Saudi  
Arabia/Mr Hatem Al-Motairi, Head, Water Quality Section, Pollution  Control 
Directorate, Meteorology and Environmental Protection Administration 
(MEPA), Jeddah, Saudi Arabia 

14:20 – 14:30 Discussion 

14:30 – 14:50   A strategy for the drinking-water and sewage sectors in the Syrian Arab 
Republic/Ms Intisar Mardini, Director, Environmental Protection Department, 
Ministry of Housing and Utilities, Damascus, Syrian Arab Republic 

14:50 – 15:00 Discussion 

15:00 – 15:30 Water demand management and conservation methods in Palestine/ 
Dr Jamal Al-Dadah, Head of Planning Section, Palestinian Water Authority, 
Gaza, Palestine  



WHO-EM/CEH/101/E 
Page 62 

Wednesday, 10 October 2001 

08:30 – 08:50 Water demand forecast and management of the United Arab Emirates  
(2000–2010)/Dr Hassan Al-Hosani, Director of Projects, Abu Dhabi Water 
and Electricity Authority, ADWEA, United Arab Emirates 

08:50 – 09:00 Discussion 

09:00 – 09:20  Global water partnership activities carried out in the Mediterranean Region: 
2001 working programme/Mr Patrice Couillaud, Programme Officer,  
Blue Plan for the Mediterranean Regional Activity Center, France 

09:20 – 09:30 Discussion 

09:30 – 09:50  Decision support system for domestic demand management/Dr Loay Froukh, 
MWAJH, Jerusalem 

09:50 – 10:00 Discussion 

10:30 – 11:30 Presentation and discussion of conference draft recommendations   

11:30 – 12:00 •  Presentation of the conference website and launching the 
 “Water Demand Management” discussion group 
•  Final recommendations and closing session 
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Annex 3 

LIST OF PARTICIPANTS 
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Water Distribution Directorate 
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P. O. Box 833 
Manama 
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Fax : (+973) 729139 
E-mail: mqamber@batelco.com.bh 

Dr Mohammed Al-Ansari 
Acting Director for Industrial and Technological Research Programme 
Bahrain Centre for Studies and Research 
P. O. Box 496 
Manama 
Tel.: (+973) 754757  
Fax : (+973) 754678 
E-mail: malansar@hotmail.com 
 

CYPRUS 

Mr Iacovos Iacovides 
Chief Water Engineer 
C/o Water Development Department  
Ministry of Agriculture, Natural Resources and Environment 
1413 Nicosia 
Tel.: +357- 2 – 803396 
Fax: +357 -2 – 675019 
E-mail: iaco@avacom.net 

EGYPT 

Eng. Adel Abdel Rahman Sharabas 
Chief, Central Department of Lower Egypt Projects 
NOPWASD 
96 Amed Orabi Street, Giza 
Cairo 
E-mail: dodomk@hotmail.com 
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Dr Mahmoud Abou El Nasr 
First Undersecretary for Primary Health Care and Preventive Affairs 
Ministry of Health and Population 
Cairo 
 
ISLAMIC REPUBLIC OF IRAN 

Ms Alieh Sabet Raftar 
General Director, Water Quality Department 
Water Resources Management Organization 
Ministry of Energy 
No. 209 – Fatemi Street 
Teheran 
E-mail: sabetraftar@wrm.or.ir 
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Eng. Saad Behnam 
Director General, Baghdad Water Office 
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Baghdad 
Tel.: (+9641) 8161905 (Office) 
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Ministry of Health 
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Tel.: (+962-6) 5685396 / 7 

Eng. Fayez Bataineh 
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Ministry of Water and Irrigation 
Amman 
Tel.: (+962-6) 5687765 
Fax : (+962-6) 5680075 
E-mail: Fayez_Bataineh@mwi.gov.jo 
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E-mail: Edward_Qunqar@mwi.gov.jo 
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Ministry of Water and Irrigation 
Amman 
Tel.: (+962-6) 5652265  Ext.: 1115 
E-mail: Rania_Abdel_Khaleq@mwi.gov.jo  

Eng. Mohamed Mansour 
Ministry of Water and Irrigation 
P. O. Box 5012 
Amman 
Tel.: (+962-6) 5680100 
Fax : (+962-6) 5680075 
E-mail: Mohammed_Mansour@mwi.gov.jo 

Dr Yasin Zu’bi 
Director, Water Protection Directorate 
The General Corporation for the Environment Protection 
Amman 
Tel: (+962-6) 5331672 
Fax: (+962-6) 5350084 
E-mail: zubiyasin@index.com.jo; Yasinzubi@hotmail.com 
 

KUWAIT 

Eng. Khalifa Mohamed Al-Fraij 
Director, Water Development Centre 
Ministry of Electricity and Water 
Kuwait 
Tel.: (+965) 4833410 
Fax : (+965) 4833405 
E-mail: wrdckuwait@yahoo.com; wrdckuwait@hotmail.com 
 

LEBANON 

Eng. Bassam Jaber 
Consultant, Ministry of Water and Energy 
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Beirut 
Tel.: (+961-3) 748744 
       (+961-1) 565110 
Fax : (+961-1) 565666 
E-mail: bajaber@terra.net.lb 
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LIBYAN ARAB JAMAHIRIYA 

Mr Hady Mohamed Abdel Hamid Al Miludi 
Water Authority 
Tripoli 
Tel.: (+21821) 4832117 + 4832130 
Fax : (+21821) 4832129 
 

MOROCCO 

Mr Mostafa Biad 
Chief of Distribution Service 
ONEP 
Rabat 
Tel.: (+212) 37-75-91-46 (Office) 
Tel.: (+212) 61-07-64-59 Mobile 
Fax: (+212) 37-75---91-55/54 
E-mail: mbiadonep@Hotmail.com 
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Eng. Qassim Mana Abdullah Al Jabry 
Director of Muscat Water Supply 
Ministry of Housing, Electricity and Water 
Muscat 
Tel.: (+968) 698034 
Fax : (+968) 698104 

Mr Hassan Ali Al-Ajmy 
Hydrologist/Groundwater Modeling 
Ministry of Regional Municipalities, Environment and Water Resources 
P. O. Box 2140 
Muscat 
Tel.: (+968) 9465656 
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Mr Yacoob Abdulla Moh’d Al-Haaj 
Assistant Director 
Department of Agriculture and Water Research 
The Supreme Council for the Environment and Natural Resources 
P. O. Box 7634 
Doha 
Fax: (+974) 4415246 
 

SAUDI ARABIA 

Mr Hatem Aseer Al-Motairi 
Head, Water Quality Section 
Pollution Control Directorate 
Meteorology and Environmental Protection Administration (MEPA) 
P. O. Box 1358 
Jeddah 21431 
E-mail: hatem@mepa.gov.sa 
 

SYRIAN ARAB REPUBLIC 

Chemist Intisar Mardini 
Director, Environmental Protection Department 
Ministry of Housing and Utilities 
Damascus 
Tel.: (+963-11) 4444952 + 2382210 + 4447114 
Fax : (+963-11) 2217570 

Ms Rania Shamsin 
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Tel.: (+963-11) 3336027 
Fax : (+963-11) 3335645 
E-mail: Env-min@net.sy 
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Abu Dhabi Water and Electricity Authority 
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E-mail: mohdramahi@hotmail.com 
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