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Foreword 

Ever since the text of principles and guidelines were agreed upon at the United 
Nations Conference on Environment and Development, held in Rio de Janeiro, Brazil, 
during the first half of June 1992, the concept of sustainable development and 
awareness of environmental degradation have gained an unprecedented momentum at 
both the local and global levels. Indeed, in reaffirming previous declarations on 
environment and recognizing the high price of the world's self-consumptive activities, 
Rio Declaration on Environment and Development was a historic turning point towards 
more balanced, equitable and safer exploitation of the earth's limited and depletable 
natural resources. 

Faced with such crucial issues and pressing problems stemming from 
impoverishment and poorly managed ecosystems in so many countries, the 
Governments represented at the United Nations Conference on Environment and 
Development had no other alternative but to agree on a clearly spelled out programme 
of action based on integration of environment and development. It is in this context 
that Agenda 21 was formulated and then endorsed by more than 178 countries. 

Undoubtedly, the achievement of the goals set in the action-oriented chapters of 
Agenda 21 depends on how much resources the Governments can make available and 
the extent to which the national plans and policies are appropriately designed and 
implemented. This is mainly because there are reasons to question the commitment 
to meet the huge cost of protecting the environment and to deal with the often 
disastrous effects of disregarding the need for environmentally sound management of 
natural resources. Concerted action on the part of Governments as well as funding 
agencies is therefore a sine qua non for the fulfilment of Agenda 21's objectives, 
particularly as far as the developing countries are concerned. 

Regional and international organizations can be of immense help in 
supplementing the necessary means to confront the challenges addressed by the various 
chapters of Agenda 21, promoting close cooperation among States and securing, to the 
extent possible, avenues to success in the implementation of national plans. A case in 
point is the close cooperation between the ESCWA secretariat and UNEP, of which 
the project on the implications of Agenda 21 for integrated water management in 
Western Asia is among the salient examples. 

ESCWA is indebted to IJNEP and its staff, not only for the support provided 
from the beginning of the project until the last stage of its implementation, but also for 
agreeing to select chapter 18 of Agenda 21 on "Protection of the quality and supply 
of freshwater resources: application of integrated approaches to the development, 
management and use of water resources". The paramount importance of water 
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management to growth and development in Western Asia calls for a joint vision to 
seek rational solutions at the national, regional and international levels. 

In examining the report and the papers included in the present publication, I was 
impressed by the outcome of the cooperation between ESCWA and UNEP. There was 
scarcely any issue of importance to the development and management of water 
resources that escaped the attention of the experts who took part in the preparation of 
documents and the deliberations of the Expert Group Meeting. 

By making this publication available to a wider audience within and outside our 
region, we hope that similar approaches will be developed and closer regional and 
international cooperation will be established and maintained. However, any remarks 
or suggestions towards improvement or correction will be seriously taken into 
consideration by the ESCWA secretariat, not only as regards this work but also our 
future activities. 

Hazem El-Beblawi 
Executive Secretary 
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I. REPORT OF THE EXPERT GROUP MEETING ON THE 
IMPLICATIONS OF AGENDA 21 FOR INTEGRATED 
WATER MANAGEMENT IN THE ESCWA REGION* 

Amman, 2-5 October 1995 

A. ORGANIZATION OF WORK 

The Expert Group Meeting on the Implications of Agenda 21 for Integrated 
Water Management in the ESCWA Region was held in Amman from 2 to 5 October 
1995. It was jointly sponsored by the United Nations Economic and Social 
Commission for Western Asia (ESCWA) and the United Nations Environment 
Programme (UNEP) as a follow-up activity to implement the recommendations of 
chapter 18 and other water-related chapters of Agenda 21 in the ESCWA region. 

The Meeting was attended by government-designated experts on water and 
environment. Representatives of several regional and international organizations also 
attended the Meeting (see list of participants in annex I). 

The documentation of the Meeting consisted of background documents prepared 
by the ESCWA secretariat; a document prepared by a consultant on behalf of UNEP; 
country papers prepared by government-designated experts; and papers prepared by 
United Nations, regional and international organizations (see list of documents in annex 
II). 

The Meeting was convened under the patronage of His Excellency Mr. Salih 
Irsheidat, Minister of Water and Irrigation of the Hashemite Kingdom of Jordan. The 
Meeting was opened with an address by the Chief of the Energy, Natural Resources 
and Environment Division of ESCWA. 

In his statement, the representative of UNEP enumerated the programme areas 
under chapter 18 of Agenda 21 and stressed the need for evaluating the status of its 
implementation on a regional basis. He also briefed the audience on the regional 
workshops jointly sponsored by UNEP, its regional offices and the United Nations 
regional commissions. 

In addressing the Meeting, the Executive Secretary of ESCWA expressed his 
gratitude to the Minister of Water and Irrigation of Jordan for accepting the invitation 
from ESCWA to take part in the opening session. He also welcomed the participants 
and expressed his appreciation to UNEP for their cooperation in co-financing and 
convening the Meeting and for their support of the ongoing ESCWA/UNEP joint 
activity on the use of remote-sensing techniques in the assessment of water resources 
in the ESCWA region. 

* This paper was originally issued under the symbol E/ESCWAIENRII995/WG.I/20/Rev.I. 



Referring to the purpose of the Meeting, the Executive Secretary stressed that 
it was arranged to discuss one of the most important chapters of Agenda 21, at least 
with regard to the ESCWA region, namely chapter 18, which dealt with the quality and 
quantity of the freshwater supply and the management of water resources. The 
importance of the chapter lay in its emphasis on an integrated approach for the 
development, management and utilization of water resources. He highlighted the main 
topics of the documents prepared by the secretariat of ESCWA, which provided 
background material on the chapters of Agenda 21 relevant to the development and 
management of water resources in the region. 

His Excellency Mr. Salih Irsheidat, Minister of Water and Irrigation of Jordan, 
called for closer regional cooperation in order to make available the necessary 
requirements for facing water shortages. He emphasized that regional cooperation 
would assist countries in dealing with water supply limitations to overcome difficulties 
resulting from tensions over water. On the national level, there were many activities 
in the Ministry of Water and Irrigation that needed to be implemented, such as the 
formulation of a comprehensive national water strategy and policies, updating of the 
water master plan, and carrying out a conservation and national public awareness 
campaign. 

The participants in the Meeting elected the following officers: 

Chairman, Bassam Adib Jabir (Lebanon); 
Vice-Chairman, Mohammed Al-Iryani (Yemen); 
Rapporteur, Nadia AI-Jawhari (Jordan). 

The Meeting adopted the agenda and the programme of work with slight changes 
regarding the timing of the sessions and the sequence of presentations (see annexes III 
and IV). 

B. ACCOUNT OF PROCEEDINGS 

Ten documents, including the paper prepared by the UNEP consultant, were 
presented by the secretariat of ESCWA as background material covering various 
programme areas of chapter 18 and other water-related chapters under Agenda 21. 

The first paper addressed the concept of integrated water resources 
management as outlined in Agenda 21. The paper also contained ideas and specific 
suggestions for national work programmes and recommendations for the inclusion of 
the objectives of Agenda 21 in national water plans in the ESCWA region. 

The second paper was devoted to methodologies for preparation of water 
master plans. 
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In view of the importance of regional cooperation in developing national 
technical skills, the third paper concentrated on suggestions regarding the establishment 
of a regional training network in different areas of water management. 

Owing to the complexity of water quality issues, three papers were 
presented on the assessment and control of water quality, the increasing groundwater 
salinity, and identification of water quality indicators. 

In the seventh paper, special emphasis was placed on the applications of 
advanced technologies in the assessment, development and monitoring of water 
resources. The paper addressed the application of isotope techniques in applied 
hydrology and the progress achieved by ESCWA member States in that field, as did 
the eighth paper, which included comparative studies of selected water basins in the 
ESCWA region using remote-sensing techniques. 

The ninth paper addressed technical and economic aspects of water 
desalination and reviewed the potential of as well as the constraints on water 
desalination techniques currently in use, compared with other water resources. 

The last paper reviewed the low-cost wastewater treatment using filtration 
techniques from groundwater recharge basins and its recovery and reuse for agricultural 
and industrial purposes. 

The country papers presented by the government-designated experts focused on 
the respective national experiences in the implementation of different water-related 
components of Agenda 21, through their master water plans and/or other water 
resources development programmes. Most of the country papers reviewed the situation 
pertaining to the availability of water resources and covered issues related to water 
supply and demand. 

In general, papers from countries in the northern part of the ESCWA region 
reflected reliance on surface water and, to a limited extent, on shallow groundwater in 
meeting domestic and irrigation requirements, while the southern part of the region 
appeared to depend heavily on desalination and shallow and deep groundwater 
reserves. 

The presentation of the country papers revealed that the degree of 
implementation of programme areas under chapter 18 of Agenda 21 differed widely 
from one country to another. Some countries geared their efforts to water resources 
assessment, protection of water quality and sustainable urban development through 
adequate water supply, while water policies of other countries concentrated on 
improvement of drinking-water and sanitation, and sustainable utilization of 
groundwater. 
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Achievements in the implementation of Agenda 21 appeared to vary throughout 
the region owing to differences in the availability of financing resources for executing 
water projects, the availability of skilled manpower, and the utilization of appropriate 
technologies and institutional capabilities. 

Papers presented by the representatives of regional and international 
organizations described the role of those organizations in promoting the development 
of the water sector, with particular emphasis on the implementation of various 
programme areas of Agenda 21. The presentations highlighted such crucial issues as 
training activities to upgrade manpower capabilities, mainly in the field of wastewater 
and environmental health; potential role and contributions of isotope methods in the 
water sector; technical and financial support for more effective water policies, 
institutional reforms, and water supply and sanitation improvement; the role of the 
World Hydrological Cycle Observation System (WHYCOS) in the improvement of 
collection, dissemination, standardization and use of hydrological information at the 
national, regional and international levels; and identification of quantified criteria for 
the use of more efficient methods for balancing water supply and demand, taking into 
account water contributions to overall socio-economic development. 

The participants recognized that the water situation in the ESCWA region was 
becoming more and more serious. The ESCWA region consisted mostly of arid and 
semi-arid zones and therefore faced chronic water shortages with marked deficiencies 
in the management of the available water resources. The region was in urgent need of 
a long-term vision considering future prospects within the framework of overall socio-
economic development and closer subregional, regional and international cooperation. 

In many ESCWA member countries substantial technical and financial assistance 
was required for the proper implementation of Agenda 21. 

C. CONCLUSIONS AND RECOMMENDATIONS 

The Expert Group Meeting reviewed the efforts made in the ESCWA member 
countries in implementing the activities identified in chapter 18 of Agenda 21. The 
Meeting recognized with appreciation the importance and relevance of the documents 
prepared by the ESCWA secretariat, the national experts and those presented by the 
representatives of other United Nations, regional and international agencies. 

The Meeting acknowledged that, in spite of the progress so far achieved by 
ESCWA member countries, intensive efforts were still needed to fulfil the objectives 
of Agenda 21 for integrated management of water resources. The Meeting noted the 
following in particular: 

(a) 	The continued seriousness of the water situation in the ESCWA member 
countries; 



Water scarcity, increasing pollution, and uneven distribution of water; 

Inappropriate allocation of water among various sectors in many countries; 

Fragmented institutional and organizational framework with overlapping 
functions and lack of coordination, in some ESCWA member countries; 

Inadequate water legislation and/or insufficient enforcement of existing 
rules and regulations; 

The need to make a clear distinction between water assessment, planning 
and resource management functions on the one hand, and the operational development 
and water use functions on the other hand; 

The need for closer cooperation for the development and exploitation of 
shared water resources among the ESCWA member countries, and on the international 
level; 

Inadequate and unreliable databases in several ESCWA member countries; 

Financial constraints in most of the ESCWA member countries with 
respect to the support of integrated water management projects; 

Shortage of qualified personnel in the water sector in some of the ESCWA 
member countries; 

Lack of comprehensive water master plans and national water policies in 
most of the ESCWA member countries; 

	

(I) 	Persistence of many difficulties in the implementation of water 
conservation programmes in the ESCWA member countries. 

21. Therefore, the Meeting recommended the following: 

(a) For the consideration of member States 

The Meeting called on the concerned government authorities: to gear their 
efforts towards sustainable socio-economic development through integrated 
water management, taking into account the interrelationship of water 
resources and environmental issues; 

To activate the preparation and/or updating of national water master plans, 
emphasizing the integrated approach to water resources development and 



management. The master plan should include alternative scenarios, taking 
into account possible climatic change; 

To conduct systematic and comprehensive water resources assessments, as 
such assessments would furnish the basic information for any current and 
future water plans and strategies. 

To seek all possible approaches to develop shared water resources by 
means of clear and well-defined water agreements; 

To develop and apply water quality and water supply criteria for public 
health protection, and the maintenance of ecosystems; 

To improve efforts to inform decision makers, and the public at large, 
about the critical situation in the water sector, resulting from the 
inefficient water utilization, and deterioration of water quantity and 
quality; 

To promote capacity-building programmes in the field of water resources 
and to strengthen the relevant institutional framework to ensure adequate 
training of personnel at all levels; 

To promote and enhance the exchange of technical and scientific 
experience among ESCWA member countries and at international levels; 

To promote more effective use of modern technology, such as telemetry, 
remote-sensing, isotope hydrology, GIS (Geographic Information System), 
and modelling techniques, in hydrological and hydrogeological assessment, 
development, and integrated management; 

To coordinate the functions of the different entities concerned for ensuring 
the integration of environmental considerations in national water strategies 
in order to achieve overall sustainable socio-economic development; 

To improve water demand management including water allocations among 
different sectors; 

To encourage and strengthen water conservation programmes by all 
available means, including financial incentives, regulatory and technical 
measures; 

To promote and conduct research pertaining to the use of brackish water 
for agricultural activities and to encourage the reuse of treated wastewater 



and agricultural drainage water in accordance with national and 
international criteria; 

To encourage research and development to reduce sea and brackish water 
desalination costs; 

To participate actively in the formulation and adoption of international 
resolutions on water issues; 

To enhance cooperation and coordination in the field of water resources 
development and management among ESCWA member countries. 

(b) Recommendation to regional and international organizations 

To provide technical assistance to facilitate the formulation of national 
water policies in the ESCWA member countries in need of such 
assistance; 

To request donors to provide new and additional funds for the 
implementation of the various programme areas of chapter 18 of Agenda 
21, particularly for water resources development in countries faced with 
financial constraints; 

To contribute to the promotion and development of the World 
Hydrological Cycle Observations System components within the ESCWA 
region for the benefit of the countries, and of the regional and 
international communities, in cooperation with the regional and 
international organizations involved in the water sector; 

To organize and sponsor ad hoc training courses in line with the main 
components of each programme area of chapter 18 of Agenda 21, taking 
into account existing capabilities in the ESCWA member countries; 

To follow up on the implementation of the various components of Agenda 
21 through the organization of seminars, workshops and meetings to 
identify any potential technical constraints that might hamper the progress 
of activities; 

To enhance cooperation and coordination in the field of water resources 
among regional and international organizations through the pooling of 
resources and undertaking of joint activities. 
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II. IMPLICATIONS OF AGENDA 21 FOR INTEGRATED WATER 
MANAGEMENT IN THE ESCWA REGION* 

by 

Kamal Farid Saad 

Introduction 

Water in the Arab region, including the countries in the ESCWA region, is 
becoming scarce and its quality is deteriorating, owing mainly to demand exceeding 
supply. If the prevailing attitudes and patterns of water utilization remain unchanged, 
water problems will constitute major constraints and challenges facing overall 
economic and social development in the region. Therefore, immediate measures should 
be endorsed and action should be taken with a view to mitigating the impact of water 
shortages and deterioration of water quality, while maintaining an acceptable level of 
sustainable development. 

In this regard, Agenda 21, particularly chapter 18 pertaining to water resources, 
offers a comprehensive blueprint for action to be taken by all countries. The contents 
of the Agenda were agreed upon by more than 178 Governments at the United Nations 
Conference on Environment and Development (UNCED), known as the Earth Summit, 
held in Rio de Janeiro, Brazil, from 3 to 14 June 1992. Chapter 18 includes seven 
programme areas which give an integrated coverage for water resources issues and 
problems. 

As both ESCWA and UNEP recognize the complexity of factors affecting the 
safety and sustainability of water resources in the ESCWA region, there is a need to 
identify the extent to which the objectives and activities of the various programme 
areas of chapter 18 of the Agenda have been incorporated in the national water policy 
of each country. To achieve this goal, ESCWA and IJNEP invited the countries in the 
region to participate in an expert group meeting, which was held in Amman from 2 to 
5 October 1995, with the attendance of 10 countries and regional and international 
organizations. 

The present document, which incorporates the main findings of the country 
reports presented during the expert group meeting reviews the major components of 
Agenda 21 as applied in the ESCWA region. Section A of the present document gives 
a synopsis of the seven programme areas in respect of their basis for action and the 
major targets of each. While the actual Agenda 21 naturally contains more detailed 
information, the material presented herein allows the reader to become immediately 

In the preparation of this document, Mr. Kamal Farid Saad served as a consultant to the Economic 
and Social Commission for Western Asia (ESCWA). 
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acquainted with the general background and scope of each programme area discussed 
in the present document. 

Section B deals with the current status of water resources potentialities, in 
respect of their availability, and usage as well as future demand. This also shows the 
magnitude of the challenges confronting achievement of a water balance in the region. 
In addition, the main water constraints prevailing in each country of the region are 
listed. Accordingly, the effort that should be devoted to the water sector, aiming 
primarily at achieving an acceptable level of water and food security, can be depicted. 

Section C gives the general features of the national water strategies and policies 
prevailing in the region as well as general regional reflections and principal indicators 
of the implications of the various programme areas of Agenda 21 for the countries of 
the ESCWA region. 

Section D is devoted to the specific implications of each of the seven programme 
areas listed in chapter 18 of Agenda 21 for each of the countries of the ESCWA 
region. At the same time, it shows the extent to which these countries have 
incorporated the various objectives of the programme areas in their national water 
policies. 

Section E gives conclusions and a number of recommendations addressed to 
international and regional agencies organizations and to the ESCWA member countries, 
including the researchers and planners responsible for the development and 
management of water resources. 

A. THE PROGRAMME AREAS OF CHAPTER 18 OF AGENDA 21 
ON PROTECTION OF QUALITY AND SUPPLY OF 

FRESHWATER RESOURCES 

1. Background 

In December 1989, the General Assembly called for a global conference that 
would devise strategies to halt and reverse the effects of environmental degradation in 
the context of increased national and international efforts to promote sustainable and 
environmentally sound development in all countries. Following the call declared by 
the General Assembly, a number of international meetings were held in order to make, 
inter a/ia, a contribution to the preparation for the United Nations Conference on 
Environment and Development (UNCED), which is known as the Earth Summit. 

In this regard, two major particular conferences are cited. The first is the 
International Conference on an Agenda of Science for Environment and Development 
into the Twenty-first Century (ASCEND 21), which was convened by the International 
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Council of Scientific Unions (ICSU) in Vienna in November 1991. The second is the 
International Conference on Water and Environment (ICWE), which was held in 
Dublin in January 1992. 

In the light of the outcome of the above-mentioned two major conferences, 
together with other ad hoc preparatory meetings, UNCED was held in Rio de Janeiro, 
Brazil, from 3 to 14 June 1992, with the participation of more than 178 Governments. 
The Conference adopted a programme of action for sustainable development 
worldwide, the Rio Declaration on Environment and Development, and the statement 
of principles for the sustainable management of forests. These documents comprise 
Agenda 21. In addition, the General Assembly, in response to a request from the 
Conference, established the Commission on Sustainable Development, made up of 
government representatives, for the purpose of examining progress made in 
implementing Agenda 21 globally. In this regard, UNEP has initiated a forum for 
government-designated experts to discuss the implications of Agenda 21 for integrated 
management and use of water resources. Consequently, several meetings were 
organized in cooperation with the United Nations regional commissions. 

2. Agenda 21 

Agenda 21 stands as a comprehensive blueprint for action to be taken globally 
into the twenty-first century, by Governments, United Nations organizations, 
development agencies, non-governmental organizations and independent-sector groups, 
in every area in which human activity has an impact on the environment. It addresses 
the pressing problems of today and also aims at preparing the world for the challenges 
of the next century. 

Agenda 21 comprises four main sections covering the following programmes of 
action for sustainable development: (a) Social and Economic Dimensions; (b) 
Conservation and Management of Resources for Development; (c) Strengthening the 
Role of Major Groups; and (d) Means of Implementation. These four sections are 
divided into 40 chapters that contain a number of programme areas. Each programme 
area included in Agenda 21 is described in terms of basis for action, objectives, 
activities and means of implementation. Of particular interest to the ESCWA region 
are the programme areas dealing with protection and management of freshwater 
resources, which are found mainly in chapter 18 of Agenda 21. 

The programme areas of chapter 18 (fi-eshwater sector) 

Chapter 18 of Agenda 21 deals specifically with the protection of the quality and 
supply of freshwater resources through the application of integrated approaches to the 
development, management and use of water resources. Seven programme areas are 
proposed for the freshwater sector: 
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Integrated water resources development and management (WRDM); 
Water resources assessment (WRA); 
Protection of water resources, water quality and aquatic ecosystems; 
Drinking-water supply and sanitation; 
Water and sustainable urban development; 
Water for sustainable food production and rural development; 
Impact of climate change on water resources. 

The objectives, activities and means of implementation of each of the above-
mentioned programme areas are described in the final text of agreements signed by the 
Governments at UNCED. However, it was deemed necessary to quote the basis for 
action and major targets of each of these programme areas in order to allow for a 
systematic follow-up of the present document. 

(a) Integrated water resources development and management (WRDM) 

The basis for action of this programme area is associated with the holistic 
management of freshwater and the integration of sectoral water plans and programmes 
within the framework of national economic and social policy. The major targets of 
this programme area are the following: 

By the year 2000, designed and initiated costed and targeted national 
action programmes, and to have put in place appropriate institutional structures and 
legal instruments; 

By the year 2000, to have established efficient water-use programmes to 
attain sustainable resource utilization patterns; 

By the year 2025, to have achieved subsectoral targets of all freshwater 
programme areas. 

(b) Water resources assessment 

The basis for action of this programme area implies the identification of potential 
sources of freshwater, which comprises the continuing determination of sources, extent, 
dependability and quality of water resources, and of the human activities that affect 
these sources. Such water resources assessment constitutes the practical basis for their 
sustainable management and a prerequisite for evaluating the possibilities for their 
development. The major targets of this programme area are the following: 

By the year 2000, to have studied the feasibility of installing WRA 
services; 

As a long-term target, to have fully operational services. 
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(c) Protection of water resources, water quality and aquatic ecosystems 

The basis for action of this programme is mainly the diversity of the causes of 
degradation of water quality and pollution of surface water and groundwater sources, 
along with the widespread lack of perception of the linkages between the development, 
management, use and treatment of water resources and aquatic systems. Therefore, a 
preventive approach is crucial so as to avoid costly subsequent rehabilitative, treatment 
and developmental measures. The major targets of this programme area are the 
following: 

Identification of surface water and groundwater resources that could be 
developed for use on a sustainable basis; 

Initiation of effective water pollution prevention and control programmes 
based on preset water quality criteria for various usages; 

Adoption of an integrated approach to environmentally sustainable 
management of water resources; 

Participation in international water-quality monitoring and management 
programmes, such as the Global Water Quality Monitoring Programme 
(GEMS/WATER), the UNEP Environmentally Sound Management of Inland Waters 
(EMINWA) and the FAO regional inland fishery bodies. 

(d) Drinking-water supply and sanitation 

The basis for action of this programme area is the fact that safe water supplies 
and environmental sanitation are vital for protecting the environment, improving health 
and alleviating poverty. The major targets of this programme area are the following: 

Protection of the environment and safeguarding of health; 
Institutional reforms and community management of services; 
Sound financial practices and use of appropriate technologies. 

(e) Water and sustainable urban development 

The basis for action of this programme area is the rapid urban population growth 
and industrialization, which put severe strains on the water resources and 
environmental protection capabilities of many cities. The major targets of this 
programme area by the year 2000 are the following: 

(a) 	To ensure that all urban residents have access to at least 40 litres per 
capita per day of safe water and 75% of the urban population are provided with on-site 
or community facilities for sanitation; 
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To establish and apply quantitative and qualitative discharge standards for 
municipal and industrial effluents; 

To ensure that 75% of solid waste generated in urban areas is collected 
and recycled or disposed of in an environmentally safe way. 

Water for sustainable food production and rural development 

The basis for action of this programme area is the primary importance of 
maintaining food security, which depends on sound and efficient water use and 
conservation practices for irrigation development and management, including water 
management with respect to rain-fed areas, livestock water supply, inland fisheries and 
agro-forestry. 

In accordance with the International Action Programme on Water and 
Sustainable Agricultural Development (IAP-WASAD) initiated by FAO in cooperation 
with other international organizations, the main objective is set to assist developing 
countries in planning, developing and managing water resources on an integrated basis 
to meet present and future needs for agricultural production, taking into account 
environmental considerations. These require setting quantitative targets for new 
irrigation development, improvement of existing irrigation schemes and reclamation of 
waterlogged and salinized lands, as primary objectives. 

Impact of climate change on water resources 

The basis for action of this programme area is mainly the uncertainty with 
respect to the prediction of climate change and to their impact at the global level. In 
this connection, the Ministerial Declaration of the Second World Climate Conference 
states that "the potential impact of such climate change could pose an environmental 
threat of an up to now unknown magnitude... and could even threaten survival in some 
small island States, and in low-lying coastal, arid and semi-arid areas." The major 
targets of this programme area are the following: 

To understand and quantif,' the threat of the impact of climate change on 
freshwater resources; 

To implement national countermeasures whenever the threatening impact 
is confirmed; 

To study the potential impacts of climate change on areas prone to 
droughts and floods. 
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B. CURRENT STATUS OF WATER RESOURCES POTENTIALITIES 
IN THE ESCWA REGION 

The water situation in most of the countries in the ESCWA region has been 
uncertain and precarious until recently, when some intensive efforts were undertaken 
in order to identify water resources potentialities. However, the current manner in 
which water resources are developed and managed so as to meet the ever-increasing 
demand for water, and, at the same time, to achieve sustainable economic development, 
are probably insufficient to bridge the gap between actual water availability and 
anticipated demand. If such trends persist, the water situation will ultimately reach 
grave proportions. Therefore, finding new methods to evaluate, develop and manage 
water resources should receive urgent priority if the water situation is to improve. 
Table 1 contains some basic parameters in respect of population growth, annual rainfall 
and agricultural land-use. 

1. Available water resources 

The extreme variability and complexity of the hydrologic pattern through which 
water resources in arid and semi-arid regions are naturally recharged and discharged 
pose enormous difficulties for exact identification and evaluation of the actual 
availability of these resources. The situation in the ESCWA region is no exception, 
and the presence of rivers and riparian countries possibly poses some acute additional 
challenges. Therefore, in the absence of a reliable evaluation of water resources 
potentialities, appropriate planning and sustainable development prove to be a difficult 
task. 

The countries in the ESCWA region are continuously endeavouring to identify 
and evaluate their water resources. They have achieved varying degrees of 
performance and accuracy, depending on their respective capacities in terms of both 
financial and experienced human resources. 

The water supplies in the ESCWA member countries are derived from 
conventional and non-conventional sources. The available data on the magnitude of 
the various water sources are both sporadic and inconsistent, as they do not reflect the 
water availability in all countries at a specific time. This is due mainly to the fact that 
in some countries the water resources assessment or updating dates as far back as 10 
years or more, while others have not performed any systematic assessment. Therefore, 
considerable discrepancies can be observed in the literature available, regarding the 
figures for water resources availability. However, despite these obvious inconsistencies 
in respect of the period of evaluation as well as sources of information, some 
representative figures can be quoted for the purpose of shedding light on the 
importance of the various resources in determining realistic prospects for economic 
development. 
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Table 2 gives estimates for both the conventional and non-conventional water 
sources available in the countries of the ESCWA region. In view of the scarcity of 
conventional water resources in some countries, non-conventional water resources are 
expected to play an important role in supplying sufficient water to meet increasing 
demand. For example, desalination of salt and brackish water and treatment and reuse 
of wastewater, particularly in the Gulf countries, are becoming important sources of 
water for domestic use and for agriculture, respectively. In addition, the figures in 
table 2 regarding the available conventional water resources do not necessarily take 
into account water resources already conserved and developed but which require the 
construction of relevant structures along with appropriate water management, i.e., 
integrated water resources development and management. Table 2 shows also that, on 
average, surface water makes up 50% of the total available water resources, and 
groundwater and non-conventional water sources make up 25% each. However, the 
latter percentage rises sharply in the Gulf countries. 

2. Water resources requirements 

Estimates of water resources required to satisfy future needs depend entirely on 
the national strategy of socio-economic development and the standard of living targeted 
within the natural and financial resources of each particular country. While some 
countries aim at achieving self-sufficiency in food production, others may plan to rely 
on partial food imports. Also, with respect to domestic water supply and industrial 
development, the national policies and plans differ considerably from one country to 
another. 

Several endeavours for projecting future water requirements have been presented 
by the concerned countries and specialized international and regional organizations. 
As a result of the discrepancies in the basic assumptions used by the various parties 
for water requirement projections, considerable variations can be noted in the available 
literature (ACSAD [1986], UNESCO [1988], ESCWA [1991] and ALECSO [1992]). 
Table 3 gives estimates, derived mainly from the above-mentioned literature, for the 
expected quantities of water that will be required for various purposes for the years 
2000 and 2030. However, the figures can only be considered indicative and should 
be used for comparative purposes only. 

3. Challenges confronting the achievement of a water balance 

A critical analysis of the aforementioned information regarding water resources 
availability and requirements clearly indicates a water imbalance for the years 2000 
and 2030. Table 4 shows that only 73% of the overall water resources available in the 
ESCWA region is developed and utilized. This percentage is even lower if the current 
water losses and low efficiency of the various water systems are taken into account. 
Such inefficiency is due to the inadequate practices that prevail in the utilization of 
water for irrigation and domestic and industrial purposes. In order to satisfy all water 
demands by the year 2000, the proportion of developed water resources as a percentage 
of those available should be raised to 85%, on the assumption that all water losses can 
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be technically avoided and the water-use efficiency can be practically promoted. The 
situation by the year 2030 will be much more challenging since it will be necessary 
to develop all available water resources in addition to providing new water resources 
amounting to 62,291 million m 3 , or at a rate of about 1,557 million m 3/year in the 
ESCWA region. 

Table 4 also shows the water situation in each country in the region, and the 
figures indicate wide variation in the percentage of readily developed and utilized 
water resources relative to those available. However, the high percentages recorded 
in some countries do not necessarily indicate appropriate development, but rather may 
be due to overexploitation, which results in deterioration of both the quantity and 
quality of water. On the other hand, the apparent surplus in water resources in some 
countries are impeded from being appropriately developed, or conveniently used, unless 
firm water agreements between those countries and riparian countries are endorsed, 
maintained and respected. This issue, by itself, constitutes a major challenge. In 
addition, the possibility of developing all the water resources estimated to be available 
remains not only challenging but doubtful unless sufficient financial resources are 
allocated and invested. 

With the ever-increasing demand for water, the term "sustainable development" 
tends to be relative. However, in order to achieve a relative balance between water 
availability and demand in any particular country, the major challenges should be 
progressively confronted. Although the nature of these challenges varies from one 
country to another, they can be grouped into two broad categories that prevail in the 
ESCWA region: 

The Gulf countries, where surface water is scare and groundwater has 
limited potentialities; in view of this situation and in order to meet present and future 
demand, these countries will continue to exhaust their water-bearing formations, which 
will ultimately deteriorate in both quantity and quality. In addition, in order to achieve 
a water balance, their reliance on non-conventional sources will increase. Although 
this practice occurs all over the world, it is considered a costly process, and it is not 
fully environmentally sound if it constitutes the principal water supply in a country; 

The riparian countries, which share their main surface-water resources with 
other countries; this situation implies the tailoring of water demands and accordingly 
water allocations for the various purposes so as to suit the prevailing limitations and 
the water agreements in force. Accordingly, future water demand will necessitate 
constructional development at the upper reaches of the river drainage basins. 

In addition to the above, each of the countries in the ESCWA region is currently 
witnessing a number of constraints which may worsen with time (table 5). In this 
regard, the activities endorsed in the various programme areas of chapter 18 of Agenda 
21 offer the most appropriate methodology for relieving the current water constraints 
in the region. However, some basic considerations should be adopted as primary 
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purview for any endeavour aimed at alleviating the current water constraints and 
challenges. Some important considerations are the following: 

Maintenance and respect of existing water agreements between riparian 
countries; 

Conservation and protection of various water sources, including surface 
water and groundwater; 

Integration of water resources development with management; 

Optimization of food production per unit volume of water; 

Rationalization of water usage, particularly in agriculture; 

Development of non-conventional water sources, such as reuse of 
agricultural drainage water, treatment and reuse of wastewater and desalination of salt 
water and brackish water, or in other words, promotion of water multipliers and 
recycling issues; 

Adoption of realistic policies pertaining to water-usage allocations, within 
the framework of the particular national water strategies and priorities; 

Promotion of an institutional framework and capacity-building; 

Enhancement of public awareness and the participation of the non-
governmental sector. 

C. GENERAL FEATURES OF THE NATIONAL WATER STRATEGIES AND 
POLICIES IN THE ESCWA REGION AND THEIR REFLECTIONS ON THE 

IMPLICATIONS OF AGENDA 21 

1. Basic concepts of national water strategies 

Successful implementation of a national water strategy requires some basic 
concepts, important among which are: (a) well studied and achievable water policy 
based on known water resources potentialities and future demand; (b) alternative 
scenarios for water plans and programmes; and (c) development of feasible projects 
within the available financial and human resources. Since these three components are 
tightly interrelated, any deviation or ill-definition of any of them may raise major 
difficulties in the adequate implementation of the strategy. However, long-term water 
policies and plans may not be appropriate as an ever-lasting water strategy, owing 
mainly to the fact that projections of future water demand depend on, among other 
considerations, eventual changes in economic, environmental, social, political and 
technological aspects. For example, the United States Office of Technology estimates 
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that, by the year 2000, about five sixths of annual increases in food production will be 
due to the application of new biotechnologies, while the remainder will be due to 
horizontal expansion of cultivable lands. 

In the countries of the ESCWA region, as in many other developing countries, 
the situation does not deviate much from that mentioned above, although the water 
situation here is perhaps more critical and faces many challenges, owing mainly to the 
prevalence of aridity in the Gulf countries in the south and the sharing of most of the 
water resources among the riparian countries in the north. The countries in the 
ESCWA region should focus on integrated non-structural water management and 
structural water development in view of the general inefficiency in the management of 
water resources, while the possibilities for development of additional water resources 
are considerably limited in view of the scarcity of such resources. However, these two 
basic models, water management and water development, will continue to be 
unavoidably interrelated, and their integration will remain a must. 

As regards the implications of the various programme areas included in chapter 
18 of Agenda 21 for the countries of the ESCWA region, it is imperative to review the 
already endorsed national water strategies and/or water policies, as these normally have 
a significant bearing on the extent of conformity and harmony between the general 
scope of the activities associated with these strategies and policies and the general 
scope of those associated with the programme areas of chapter 18 of Agenda 21. 

2. General features of national water strategies and policies 

(a) Bahrain 

The water strategy set in the early 1970s was designed to increase the total 
production of water to meet increased demand and to improve water quality standards. 
In fulfilment of this strategy, the development programme included the construction 
of desalination plants and the upgrading of the water supply distribution network. 
However, this strategy failed to reduce the dependence of the country on groundwater 
abstraction, which presently reached as much as double the safety limits are resulted 
in further deterioration of quantity and quality. 

In order to mitigate the prevailing water problems, the country endorsed a new 
national water management strategy to be implemented through a project entitled 
"Planning for water resources development" for the period 1990 to 2010. The 
development programme for this recent strategy includes mainly the following 
(Bahrain, 1992 and 1995): 

(a) 	Increasing desalinated water production in order to reduce dependence on 
groundwater and improve its quality; 
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Adopting a demand management policy that would curb excessive 
consumption by implementing a leak detection/reduction and system renewal 
programme, metering all water services and applying progressive water tariffs, 
enforcing water pumping regulations, and implementing a public education programme; 

Reforming the agricultural sector by expanding the use of treated 
wastewater for irrigation, promoting efficient irrigation systems, reconsidering the crop 
pattern, considering the application of a tariff on groundwater used for irrigation, and 
regulating abstraction from private groundwater wells. The planning for the water 
resources development project comprises three main phases (Bahrain 1992): 

Phase I is devoted to problem identification, which includes 
comprehensive reconnaissance and review of data and previous work, water resources 
evaluation, identification of water consumption patterns and efficiencies, projection of 
future demand, and establishment of a water resources database; 

Phase H involves the development of curative and preventive studies, 
including alternative scenarios of water problems, impact evaluation, simulation and 
management methods; 

Phase III is the implementation and monitoring phase in cooperation with 
the relevant executing agencies. 

The project will ultimately expand according to the actual results of the final 
phase. 

(b) Egypt 

The water strategy of Egypt is linked mainly to the development of the Nile 
River as it constitutes the main and virtually the sole source of water in a country 
whose agricultural sector constitutes the principal water consumer. However, water 
demand in Egypt has increased not only parallel to the agricultural expansion plan but 
also in relation to industrial development and the increase in population. It is 
anticipated that the share per person will be reduced from the currently prevailing rate 
of 950 m 3/year to about 500 m 3/year by the year 2025 (Egypt, 1995). 

The need for strategic water resources planning in Egypt has long been 
recognized. The endeavours associated with the development of "National Water 
Master Planning", which started in 1977 and ended in 1980 as phase I, were followed 
by a second phase that continued up to 1986. A third phase was still operating during 
1995. The framework plan deals with the period up to the year 2000 and beyond. It 
contains a detailed and exhaustive statement of the water management and development 
needs of the country, including descriptions, reviews, analyses, plans and 
recommendations for projects and programmes in all water-related sectors of the 
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economy. It includes investment and implementation schedules, production targets, 
means of implementation, economic costs and benefits of projects and programmes, 
rural employment and demographic impacts, and surface water and groundwater 
distribution plans. In the implementation of this strategy, planning methods received 
high priority, while less emphasis was placed on the preparation of specific proposals. 
This was due mainly to the rapid changes in technology and relative economic values 
which make it more prudent to make the right decision on each new potential 
development than to adhere to a rigid plan based on assumptions that may be subject 
to eventual changes (Egypt, 1995). 

The national water master plan allows for the presentation and evaluation of 
three development scenarios (Egypt, 1994): 

Scenario I assumes that water conservation projects are constructed. 
Projected growth in water demand for the non-agricultural sector is to be deducted, and 
the water balance which can be made available for the development of new lands is 
then computed; 

Scenario 2 assumes that there will be a high rate of growth in the 
agricultural sector (14.9% annually, which is compatible with the national optimistic 
projections for the economy). Some of that growth is assigned to the old lands, and 
the balance to new lands. The water requirements for non-agricultural uses are 
determined in order to find the total water demand; 

Scenario 3 assumes that there will be a moderate rate of growth in the 
agricultural sector (3% annually). Some of that growth is assigned to the old lands, 
and the balance to new lands. The water requirements for the resulting increase in new 
lands (50,000 feddans/year) are determined, and the water requirements for non-
agricultural uses are added to find the total demand. 

The three scenarios depicted above assume that sufficient water will be provided 
to satisfy the water requirements of each. The major opportunities for increasing the 
water supply are drainage reuse projects, improved water management, and water 
conservation projects in the Sudan to reduce evaporation losses in the area known as 
the "Sudd" or swamps. Minor but potentially considerable opportunities include 
wastewater treatment and reuse and ultimately desalination of sea water. 

(c) Iraq 

The establishment of a national water strategy in Iraq depends mainly on the 
stability and continuity of the surface water derived from the Tigris and Euphrates 
rivers. The Tigris is recharged mainly from the Turkish highs with some tributaries 
from Iraq, Turkey and the Islamic Republic of Iran; it crosses both Iraq and the Syrian 
Arab Republic, and its annual rate of flow is of the order of 49.5 billion m 1 . The 
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Euphrates is recharged totally from the Turkish lands, and also crosses Iraq and the 
Syrian Arab Republic with an average annual discharge of about 28.3 billion m 3 . The 
absence of a firm and concrete agreement for the division of these common water 
resources among the three riparian countries, Iraq, the Syrian Arab Republic and 
Turkey, impedes the formulation of a national water policy in Iraq. As a result of this 
situation, the national strategy in Iraq focuses, in general, on two main directions 
(Iraq/ALECSO, 1992 and Iraq, 1995): 

To reach a just agreement among the riparian countries so as to be able 
to allot a specific portion of the shared water, a matter that has been in dispute since 
1960, and the dispute has continued into the present despite the formation of an ad hoc 
committee in 1983; 

To continue implementing water development projects as originally 
planned and as resources permit, including an integrated water development and 
management scheme through the construction of 133 irrigation projects and various 
types of dams, the reclamation of deteriorating lands, the construction of a main 
agricultural drain with a designed capacity of about 200 m 3/sec, the reformation of 
swampy lowlands and river-tails, and the reduction of water losses in the streams and 
main canals. 

(d) Jordan 

The formulation of a water resources policy and of a national water master plan 
was first initiated in 1976 and was made one of the development programmes within 
the scope of the 1976-1980 five-year plan for economic and social development. The 
objectives of the plan were in line with the prevailing water problems and constraints 
at that particular time. These objectives were mainly centred on aspects pertaining to 
development priorities, allocation of water resources, consequences regarding existing 
development plans and consequences regarding regional development (Jordan, 1977). 

As a result of many changes revealed since the first endeavour towards the 
establishment of a national water master plan, it has been deemed necessary to update 
the scope and views of the nationwide water sector and to improve its development and 
implementation. With this view in mind, the Ministry of Water and Irrigation is 
currently developing a water policy and making strategic plans that include the 
development of the following: a water management information system; a water 
monitoring network programme; a central laboratory; an artificial recharge feasibility 
study; industrial wastewater discharge prevention; irrigation water management; water 
management education; and public awareness. However, despite the clarity of the 
strategic plan currently in force, its implementation remains problematic, owing 
principally to the sharing of considerable surface water (the Yarmouk River with the 
Syrian Arab Republic, and the Jordan River with Lebanon) and of groundwater sources 
(the Disi aquifer with Saudi Arabia), the non-renewability of some groundwater 
reservoirs, and the exhaustibility of most of the groundwater basins (Jordan, 1995). 
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In addition, as a result of the peace treaty signed by Jordan and Israel in October 
1994, some regional water schemes have been put forth which have to be studied and 
investigated. These schemes will allow Jordan to receive an additional 215 million 
m 3/year, water to be stored in Lake Tiberias in the winter and supplied to Jordan in the 
summer, and new possibilities of supplying Jordan with 50 million m 3/year of drinking-
water. These regional schemes imply the introduction of corresponding arrangements 
into the national strategic plan for years to come (Jordan, 1995). 

Parallel to the national strategic water plan, Jordan initiated a national 
environmental strategy, the guidelines of which were officially approved by the 
Government in 1991. Furthermore, a proposal for the establishment of a general 
authority for environmental protection is currently under preparation. At the sector 
level, priority is given to water issues and to maintaining agriculturally productive 
lands since both of these will have serious long-term impacts if they are not addressed 
urgently (Jordan, 1991). 

Kuwait 

The water supply in Kuwait is confined to three main sources; desalinated sea 
water, groundwater and treated and reused sanitary wastewater. Accordingly, the 
national water strategy focuses primarily on rational utilization, optimization of water 
usage, and the search for new water sources. The corresponding water plan aims 
mainly at the development of the three above-mentioned sources (ACSAD, 1993). 

Desalination of sea water has received top priority, rendering Kuwait a 
pioneering country in the development of this technology. Several techniques have 
been applied and promoted, for which the multi-stage flash evaporation has proved the 
most appropriate and economical. The development of the groundwater basins is 
constrained owing to overexploitation of the water-bearing formations and a 
corresponding depletion of the groundwater along with the spread of salt-water 
intrusion along the coastal aquifers. The treatment and reuse of wastewater is 
receiving considerable attention, but only for limited agricultural purposes (ACSAD, 
1993 and ESCWA, 1992). 

In view of the scarcity of the water sources in Kuwait the strategy does not 
include scenarios other than those dealing with conventional issues pertaining to the 
application of relevant legislative acts to impede groundwater deterioration, 
minimization of water losses in pipes, and promotion of irrigation water management. 

Lebanon 

The national water strategy in Lebanon has two main goals: the maintenance of 
a water balance and the maintenance of good quality water through its protection from 
pollution and the provision of adequate sanitary and wastewater services. The 
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implementation of this strategy has short-, medium- and long-term technical aspects 
(Lebanon, 1995). 

The short-term technical aspects involve reducing water losses, maintaining water 
supply services, and promoting public awareness. The medium-term technical aspects 
involve formulating a water master plan, conducting a water resources assessment, 
using modern irrigation techniques, upgrading monitoring systems, and promoting 
methods for wastewater treatment and reuse for irrigation. The long-term technical 
aspects involve controlling surface water; controlling and recharging groundwater; 
establishing large water projects; and protecting surface water and groundwater from 
pollution. 

In view of the prevailing constraints and problems in Lebanon, the 
implementation of the above-mentioned technical aspects are partially precluded. 
However, some activities are carried out whenever and wherever possible. 

Oman 

The establishment of a national water master plan was only conceptualized as 
recently as 1990. Prior to that, the national policy included a number of water 
conservation projects that were implemented according to prevailing needs. However, 
with the creation of the Ministry of Water Resources in 1990, a comprehensive study 
on the establishment of a water master plan was completed by the end of 1991 with 
the following goals (UNESCO/Oman, 1993): 

Strengthening of the institutional and legal framework to provide effective 
management of water resources in the interest of the country's long-term development; 

Giving priority to domestic and industrial water supplies by using 
desalinated sea water; 

Managing domestic water demand and improving the efficiency of 
agricultural water use; 

Restricting agricultural development in line with the available water 
resources and reducing agriculture where resources are overexploited; 

Controlling the development of non-renewable water resources; 

Augmenting water resources wherever possible. 

The water master plan implies the establishment of a national water resources 
assessment programme through the establishment of a national water well inventory 
project; a similar project for surface water investigation is being undertaken. 
Therefore, a full and clear picture of a national water development plan can only be 
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expected shortly after completion of the two above-mentioned national projects. 
Meanwhile, a number of recharge and conservation dams are being constructed within 
the framework of the current five-year national economic and social development plan 
(UNESCO/Oman, 1993). 

At present, the general features of the water policy are govemed by a number 
of decrees issued mainly for purposes of conservation and protection of water 
resources. In particular the 1988 decree implies that the resources in the country are 
considered a national wealth, while decrees from 1988, 1989 and 1990 allow for 
regulation of water utilization through the issuance of water permits. The aspects 
pertaining to environmental protection are being objectively considered, and perhaps 
this country is a pioneer in the creation of a specialized institution responsible for 
environmental affairs. 

Qatar 

The development of a national water policy in Qatar is governed by a number 
of variable parameters: the instability of the national economy, which depends on oil 
revenue, and the changing population pattern, along with a lack of information and 
data on water resources. These parameters constitute the major constraints to 
predicting future water demand, and accordingly they hinder the formulation of a 
national water policy (Qatar, 1992). However, the general features of the water master 
plan currently in force focus on two main issues: minimizing deterioration of water 
quality and stopping desertification. In this regard, priority in allocation is given to 
water for domestic use, followed by agricultural and industrial uses. Accordingly, the 
water plan stresses studying the feasibility of constructing desalination plants and 
developing a green-pipe project to import water from the Islamic Republic of Iran 
(Qatar, 1992). 

The activities pertaining to the implementation of the prevailing action plan are: 
use of treated sewage effluent and saline water for irrigation; recharge of the 
groundwater artificially; development of deep aquifers; protection of groundwater in 
landfill sites from pollution; and leaching salinity out of arabic soils (Qatar, 1995). 

SaudiArabia 

The national water strategy in Saudi Arabia was established in the 1980s. The 
strategy, which is considered comprehensive in both scope and nature, covers the 
national water policy with respect to water supply and demand up to the year 2020. 
The strategy gives priority to the domestic water supply, and it is anticipated that, by 
the year 2000, about 95% of the urban and rural areas will be provided with freshwater 
facilities from either desalination plants or groundwater. Agricultural expansion is also 
being promoted, but within available water resources. However, through the reuse of 
treated wastewater and the introduction of modem irrigation techniques, it is 
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anticipated that irrigated lands will expand to about 0.4 million hectares (Saudi Arabia, 
1992). 

The implementation of this strategy requires adequate quantitative and qualitative 
control over all water sources. In this regard the action plan includes, among other 
issues, the establishment of dams (currently numbering more than 200) for surface 
water conservation and groundwater recharge, protection of groundwater resources 
from deterioration, rational utilization and allocation of water, and capacity-building 
and public awareness. However, in view of the eventual socio-economic and climatic 
changes, the national water policy continues to be subject to revision and updating, 
including the issue of supporting laws and regulations. 

U) Syrian Arab Republic 

The national water policy and the national environmental policy follow, in 
principle, medium-term plans, each lasting five years through which long-term goals 
are progressively achieved. The general objectives of the medium-term plans are: 

Expansion of irrigated lands; 
Protection of water resources from pollution; 
Increase in power generation; 
Protection from eventual run-off floods; 
Development of fisheries and animal production; 
Promotion of social standards and population stability; 
Provision of work for manpower; 
Reuse of treated wastewater. 

Specifically, the medium-term water plan aims at achieving full control over 
water resources in order to realize food security. Meanwhile, in order to achieve 
adequate development and management of available water resources in the Syrian Arab 
Republic, two particular approaches have been recommended: (a) a long-term approach 
involving policy, legislation, institution-strengthening and water planning; and (b) a 
short-term programme designed to act on urgent water-related problems that threaten 
the quantity and quality of the water resources (Syrian Arab Republic, 1992). 

At present, the apparent absence of a long-term policy and/or a water master 
plan constitutes a major constraint for water resources development and, in particular, 
for irrigation. In addition, the Government's effort to promote food self-sufficiency 
has resulted in some undesirable water-related problems. Three major environmental 
issues seem to affect the sustainability of water resources development (FAO, 1993): 
(a) a rapid decline of groundwater levels and deterioration of groundwater quality; (b) 
waterlogging and salinization of agricultural lands; and (c) pollution of surface water 
and groundwater owing to the discharge of drainage water and untreated effluent from 
municipalities and manufacturing industries. On the other hand, the increase in the 
population, particularly in urban centres and proliferation of industries in major cities 
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and elsewhere have contributed to the exploitation of the limited surface water 
resources, which depend on the sharing of river waters with riparian countries (Syrian 
Arab Republic, 1995). 

(k) United Arab Emirates 

Water resources in the United Arab Emirates are managed by national and local 
authorities. The Ministries of Agriculture and Fisheries and of Electricity and Water 
as well as the General Water Authority and the water departments of the seven 
Emirates share the responsibility for the development and management of the water 
resources in the country (United Arab Emirates, 1995). This multiplicity of water 
authorities, with overlapping and conflicting functions, constitutes a major impediment 
to the establishment of a national water strategy and, accordingly, to efficient water 
management. 

The country depends on two main sources for water supplies: desalinated water 
and groundwater. There are also limited amounts from surface water and reuse of 
treated wastewater. In the absence of a national water strategy and in view of the 
inadequacy of water resources management, both surface water and groundwater are 
subject to continuous deterioration in quality as well as in quantity. Accordingly, 
efforts are directed towards increasing the capacity of desaination plants. 

The conventionally agreed upon national water policy ranks the municipal water 
supply as top priority in the water resources allocation plan. Desalinated water and the 
small contribution from groundwater are the main sources. The agricultural water 
supply, which is considered second in priority, comes from groundwater, while the 
landscaping and beautification of cities, side-road trees and parks, the third priority, is 
done with treated wastewater. Therefore, the water development plans give emphasis 
to: application of modem irrigation systems, construction of dams for groundwater 
recharge, introduction of salt-tolerant plants, explorations for new groundwater 
resources, and promotion of capacity-building (United Arab Emirates, 1995). 

(e) Yemen 

Water is scarce in Yemen, and large quantities of groundwater are currently 
being used to support the growing economy and the increasing population. Since the 
existing laws and regulations are insufficient to cope with the situation, the 
groundwater sources will remain unrestrained and ill-managed. 

Although Yemen has been in possession of comprehensive studies on a water 
master plan and policies since 1992, there is currently no water planning at the national 
level. Instead, the drinking, irrigation and industrial water projects are implemented 
by various public and private entities, each to serve its overall sectoral objectives 
(Yemen, 1995). These studies include, among others, programmes for: water resources 
assessment, current and future water requirements for all purposes up to the year 2010, 
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and assessment of the current status and future development of wastewater, sanitation 
and the water supply. Environmental issues related to water studies and the need for 
environmental impact assessments are also prescribed (Yemen, 1992). However, the 
implementation of these integrated studies and programmes is virtually unforeseen, at 
least at the present time, owing mainly to the prevailing economic constraints and lack 
of an adequate institutional and policy framework. Therefore, the challenges facing 
appropriate development and management of the water resources in Yemen will persist 
unless adequate financial and technical support are provided. 

Therefore, it was not until 1995 that an idea for establishing a National Water 
Resources Authority (NWRA) became politically feasible, and accordingly it is 
expected to be functional by 1996. According to the agreed-upon mandate for the 
establishment of the NWRA, its goal is to conserve the water resources of the country 
and prescribe strategies, policies and plans to ensure proper management and 
sustainable development of these resources within the context of socio-economic 
development plans (Yemen, 1995). 

3. General regional reflections of the national water strategies and policies 

In the light of the above-mentioned water strategies, policies and plans, and in 
view of the available literature pertaining to water resources development plans and 
conservation in the ESCWA member countries, the extent of the implications of the 
various programme areas listed in chapter 18 of Agenda 21 are expected to vary 
considerably from one country to another. However, these variations are closely 
related to the current views and aspirations of each particular country towards the 
development, management and use of its water resources, and those views are 
expressed in the national water strategies and policies. Accordingly, the 
implementation of the various components of the programme areas, as originally 
endorsed in Agenda 21, should be normally seen as direct reflections of the prevailing 
water strategies and policies in the region. 

The general regional features of the implications of the programme areas of 
chapter 18 of Agenda 21 for the ESCWA region are outlined below. 

(a) Integrated water resources development and management 

The basis for action and objectives of this programme area are well 
acknowledged in the ESCWA region and seem to be, in general, in conformity with 
those included in Agenda 21. However, the activities actually in force or those 
proposed for the future are quite different. While a few countries are endeavouring to 
integrate development of water resources with their management at the national level, 
others are confining their activities to particular surface-water and/or groundwater 
basins or are far from reaching any sensible achievement to an integrated approach to 
water resources. The means of implementation with respect to financing, scientific and 
technological means and human resources development and capacity-building also 
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differ from one country to another. These variations depend mainly on the actual 
water policy of each country regarding this programme area, along with its prevailing 
economic situation and professional and institutional capacity. 

Water resources assessment (WRA) 

This programme area is of paramount importance to all countries, including 
those in the ESCWA region, as it constitutes the practical basis and a prerequisite for 
both water development and management. However, this activity is considered, by all 
measures, a costly process needing special expertise. While some countries in the 
region possess reliable WRAs and continue to update them periodically, other countries 
can only afford to assess their water resources sporadically. However, this particular 
programme area is taken seriously and is currently acted on by all countries in the 
ESCWA region, albeit at varying levels of activity in respect of areal coverage and 
accuracy and in accordance with the availability of means of implementation. 

Protection of water resources, water quality and aquatic ecosystems 

Water resources in the ESCWA region, as in many other places around the 
world, are continuously threatened by various activities that ultimately lead to 
deterioration of water resources through depletion or contamination or both. These 
harmful activities have long been recognized in the region, but measures to mitigate 
their impacts have been considered only recently in some countries. Protection of 
water resources, though imperative for sustainable development, seems uncontrollable 
to some countries in the region owing mainly to the diversity of the activities causing 
their deterioration, along with the obvious lack of infrastructures, laws and regulations 
and appropriate appreciation for the need to protect the environment. Therefore, some 
countries are handling this programme area through adequate water resources 
management practices and the issuance of environmental laws and regulations binding 
on all water users. However, some countries have kept a low profile in dealing with 
this subject, owing mainly to some major impediments in respect of financing and 
means of implementation. 

Drinking-water supply and sanitation 

This programme area is a target common to all countries in the region and is 
predominant in their national economic and social development policies. The 
prevailing scarcity of water sources in the region, along with the uneven demographic 
distribution of the population, may hinder the achievement of full-scale satisfaction to 
all people with respect to water supplies of adequate quality, and to sanitation facilities 
at all times and in all areas. However, this particular programme area is receiving 
priority in any national activity, but its achievement follows a progressive plan in 
accordance with the availability of adequate means of implementation. 
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Water and sustainable urban development 

Most of the countries in the ESCWA region are characterized by a continued 
growth of urbanization, which results in severe strains on the water supplies and 
environmental-protection capabilities of many cities and towns in the region. In 
addition, owing to the growing population, some communities started to sprout up 
randomly around some major cities, which in turn placed additional strain on planned 
programmes for water supply and sanitary facilities. The concentration of industrial 
and commercial activities in most of the cities and coastal areas of the region 
constitutes a major concern to local and municipal authorities. In this regard, some 
countries have succeeded in transferring some industrial and commercial activities from 
urban areas to rural localities or newly reclaimed lands by establishing satellite cities 
and encouraging migration through the creation of jobs outside urban areas. Other 
countries in the region have failed to do so, owing mainly to prevailing economic 
constraints. However, all the countries in the region take this programme area 
seriously, but the methods employed to achieve the objectives, as originally outlined 
in Agenda 21, are not strictly in line with the nature or time-frame of the projected 
activities. This particular problem is directly related to some prevailing social patterns 
and behaviour of the people in the region, in addition to some financial constraints that 
may preclude the construction of water-supply and sanitary projects whenever and 
wherever needed. 

Water for sustainable food production and rural development 

The matter of food security in the Arab countries, including those in the 
ESCWA region, has been propounded as a regional strategy by the League of Arab 
States since 1980. Several studies and programmes have been advanced on various 
occasions but have never materialized. Most of the countries of the ESCWA region 
are currently witnessing shortages in national food production, particularly in cereals 
and wheat, in which self-sufficiency is about 40% for the former and about 30% for 
the latter. Vegetables and fruits are possibly the only food products available in great 
quantities, approaching about 90% of the total food needs in the region. Therefore, 
dependency on food importation prevails in most of the countries in the ESCWA 
region. It is evident, however, that sustainability and security of food production is 
only possible within a regional scope and with cooperation between the countries of 
the region and the rest of the Arab world. There is no doubt that the integration of 
water, land and financial potentialities, along with the available human resources at the 
regional level, can lead ultimately and conveniently to self-sufficiency in food 
production. However, individual national endeavours to overcome this problem will 
face various challenges represented by some of all of the following: scarcity of water 
resources, inadequacy of soil fertility, shortage of experienced labourers, or financial 
constraints. Therefore, the activities proposed for this particular programme area, as 
included in Agenda 21, although useful in relieving the food challenge in the region, 
can hardly be reckoned as appropriate approaches to solve this specific problem at the 
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national level. However, this programme area constitutes a major concern and is 
currently receiving high priority in all water strategies in the countries of the region. 

(g) Impact of climate change on water resources 

International debate on the climate change issue is becoming ardent nowadays, 
but the ability to predict its impact is still a controversial matter. However, the 
uncertainties in projecting information and knowledge should not reduce the 
importance of this issue or disregard its anticipated environmental impact. The 
countries in the ESCWA region, regarding this particular issue, are more concerned 
with regional and local climate changes rather than global changes. This is rather due 
to the fact that the region witnesses severe local seasonal and annual climate changes 
represented by long droughts followed by relatively short periods of heavy rains and 
sometimes floods. Although this is a completely different problem from that which 
is being debated globally, the local and regional climate changes have serious impacts 
on the potentialities of the water sources and their sustainability in a region which is 
extremely vulnerable to climate changes. Therefore, activities for this programme area 
are currently focused on mitigating the impact of drought, developing agriculture based 
on brackish water and promoting traditional techniques for water conservation. 
However, international research and debate on this matter are closely followed up at 
the scientific level through participation in ad hoc conferences and meetings. 

D. IMPLICATIONS OF CHAPTER 18 OF AGENDA 21 
FOR ESCWA MEMBER COUNTRIES 

1. Basic considerations 

Agenda 21 is considered a relatively recent document (1992) addressed to the 
international community with the primary aim of facing the present environment and 
development problems, and also taking a balanced and integrated approach towards 
relieving future challenges. The successful implementation of the programme areas, 
as identified in Agenda 21, remains principally the responsibility of the individual 
Governments. National strategies, policies and plans are therefore crucial in achieving 
this. 

With respect to the subject of water resources, chapter 18 of Agenda 21 has 
identified seven major programme areas (see section A of the present report) which are 
described in terms of basis for action, objectives and means of implementation. 
However, the extent to which the particulars of the terms of these programme areas are 
achieved in the ESCWA region at the national level is governed by a number of basic 
considerations, important among which are the following: 

(a) 	The nature and scope of the national documents pertaining to water 
strategies and policies: there is no doubt that the countries which produced such 
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documents prior to the endorsement of Agenda 21 may find it premature or relatively 
late to incorporate the full terms of the various programme areas of Agenda 21, or 
even parts of them, into their original documents. Therefore, the nature and scope of 
these already endorsed documents certainly constitute an important governing factor 
which determines the extent to which they can be adapted to conform with, or revolve 
around, the scope and particulars of the various components comprising Agenda 21. 
On the other hand, the countries which do not possess water strategies and policy 
documents, or are in the process of preparing them, may find it more convenient to 
incorporate the relevant terms of Agenda 21 into their documents, provided that other 
considerations are satisfied; 

The financial and institutional capacities: despite the fact that the 
objectives, activities and means of implementation of the various programme areas of 
Agenda 21 are comprehensive in nature and integrative in scope, apart from being 
indispensable for appropriate development and management of water resources, their 
successful implementation depends, among other considerations, on the availability of 
sufficient financial resources and an adequate institutional framework supported by 
qualified professionals. Any shortage in these will lead ultimately to disruption and 
inconvenience in achieving the projected goals; 

The physical setting and potentialities of the prevailing water sources: the 
physical nature of the hydrologic and hydrogeologic setting, as well as the magnitude 
of the available water sources potentialities, with respect to sufficiency, scarcity and 
diversity, constitute the main factors which enable the identification of feasible 
alternative scenarios and options for the allocation and usage of water resources. 
Accordingly, these parameters govern the choice of relevant activities and means of 
implementation pertaining to each programme area; 

The sharing of water sources with neighbouring countries: the absence of 
firm and well-defined water agreements between riparian countries constitutes a major 
constraint for sustainable national water resources development. Accordingly, 
integrated development and management at the river basins are only feasible at the 
subregional level and with due consideration and respect for the mutual interests of all 
parties sharing the river basin; 

The national socio-economic development strategy: there is no doubt that 
the national water strategy constitutes a vital component of the overall national socio-
economic strategy. Therefore, the magnitude of investments allocated to the water 
resources sector is directly related to the cost/benefit studies of all other available 
natural sources at the national level. Accordingly, this issue in particular is one of the 
main factors governing the extent to which the available water resources are allocated 
to urban and to rural development. 
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2. Status 

In the light of the foregoing review of the various components pertaining to the 
extent to which the programme areas of chapter 18 of Agenda 21 are reflected in the 
activities of the water resources sector in the ESCWA region, the status of each 
country in each programme area is explained below. 

(a) Bahrain 

Integrated water resources development and management 

Planning for water resources development is incorporated into the national water 
management strategy and currently consists of three phases to cover water action plans, 
with various scenarios through the year 2010. A demand management policy to curb 
excessive consumption has been adopted. Activities related to this programme area 
include: (a) implementation of leak detection/reduction and a system renewal 
programme; (b) application of metering systems to all services with a progressive water 
tariff, (c) enforcement of water plumbing regulations for all plumbing systems; and (d) 
implementation of public education and awareness programmes. 

Water resources assessment 

This programme area is currently included in the integrated water resources 
development project which started in 1990. This subprogramme constitutes phase I of 
the project and covers assessment of natural water resources, whereas current and 
future needs are balanced by non-conventional sources. The current water resources 
assessment indicates that the safety limit of groundwater abstraction is about 90 million 
m 3/year. However, groundwater abstraction has reached about 200 million m 3/year; 
but confining groundwater abstraction to the safety limit will necessitate a considerable 
increase in desalinated water, which is far in excess of what was originally envisaged. 
Accordingly, further water resources assessment is still needed in order to balance 
between availability of and demand for water resources. 

Protection of water resources, water quality and aquatic ecosystems 

Maintaining good water quality is of prime concern to the Ministry of Works, 
Power and Water. Excessive abstraction from groundwater aquifers has resulted in 
continued deterioration of the groundwater quality due mainly to excessive salt-water 
intrusion. It is anticipated, however, that the construction of more desalinated plants 
may relieve the burden imposed on groundwater and allow quality tests to be carried 
out regularly to check for the most likely contaminants. In addition, with the 
establishment of the comprehensive water management scheme, protection of water 
resources and water quality will be feasible. 
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Drinking-water supply and sanitation 

This programme area is receiving top priority in the national water policy, and 
any deficiency can be avoided through desalination of sea water. The distribution 
systems with built-in flexibility are being extended and modernized. At present, 
distribution networks cover all developed areas in Bahrain. With respect to quality, 
residual chlorine monitoring and bacteriological tests indicate that levels of chlorine 
and bacteria fall within the permissible WHO limits for drinking-water. Sanitation 
services, which fall under the responsibility of municipalities, are also receiving 
considerable attention. Meanwhile, treatment and reuse of sewage effluent is being 
activated in order to reduce the demand on groundwater for agricultural purposes. 

Water and sustainable urban development 

Urban development in Bahrain ranks on top as compared with other Arab 
countries in the region, owing mainly to the concentration of more than 80% of the 
population in the islands of Bahrain and Mahrak. Therefore, serious action to avoid 
the negative impact of urbanization is currently being taken or is under consideration. 
Supplying water to urban areas with the aim achieving sustainable development 
requires almost complete dependence on desalinated water. It is envisaged, therefore, 
that desalination plants with capacities of about 30 million to 45 million gallons per 
day will be added by 1998/1999. 

Water for sustainable food production and rural development 

Although the agricultural sector consumes about 70% of the total groundwater 
resources, the country will continue to depend to a large extent on imported food. 
Wastewater treatment and reuse for irrigation is being considered as an additional water 
source, and this is expected to total about 70 million m 3/year by the year 2000. 
Meanwhile, the use of efficient and modern irrigation systems are being expanded, and 
it is estimated that about 20% of the irrigated area will be covered with such systems. 
In addition, the establishment of relevant crop pattern is being reconsidered. There is 
currently no proper crop mix, and water-demanding crops, such as alfalfa, predominate. 
The application of a tariff on groundwater consumption for irrigation will enter into 
force shortly. 

Impact of climate change on water resources 

There are no obvious plans or actions in this programme area with respect to 
global climate change. However, national activities focus on impacts of local seasonal 
climate change, and use of brackish water in agriculture. 
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(a) Egypt 

Integrated water resources development and management 

The National Water Master Plan, which is currently in force, requires the 
integration of the Nile water development and management. The irrigation system in 
Egypt permits full control over water and its uses for agriculture. In addition, there 
are ongoing projects to promote efficiency and reduce water losses. Relevant water 
research institutions and strategic units have been established. The water management 
research institute and the national water information centre serve all organizations 
involved in water development and give appropriate support to decision makers, 
enabling them to make the right decision at the right time. In addition, cooperation 
between all water users with respect to agriculture, industry, domestic water, navigation 
and hydroelectric power are continuously promoted. 

Water resources assessment 

Assessment of all water resources in Egypt is continuously updated. A 
monitoring network and a telemetric system give adequate coverage. There are reliable 
sets of maps pertaining to water resources and land use which are periodically updated. 
The current water resources assessment covers conventional and non-conventional 
water sources, as both are included in the overall national water balance. 

Protection of water resources, water quality and aquatic ecosystems 

Pollution of both surface water and groundwater is a major concern owing 
mainly to increased industrial activity and population growth, along with the 
inadequacy of wastewater disposal projects in some areas. However, environmental 
protection is being promoted in all water-user sectors. Within the frame of this 
programme area, the following main activities are being undertaken: 

Establishing a water quality monitoring network covering the Nile River, 
Lake Nasser and the main canals as well as the drainage network, as long as it is being 
used for irrigation; 

Launching a national project to prevent discharge of industrial wastewater 
into the Nile or any other waterway; 

Studying the characteristics of sediment material and the mechanics of its 
movement in the Nile River; 

Monitoring and evaluating the sedimentation in Lake Nasser and its effect 
on the reservoir storage capacity and Aswan Dam operation; 
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Carrying out aquatic weed control manually, mechanically and 
biologically; 

Producing studies and recommendations to protect the heavily populated 
northern Egyptian coast, with its valuable agricultural lands and infrastructures. 

Drinking-water supply and sanitation 

A comprehensive plan was set up to provide all megacities, cities and villages 
with freshwater supplies. In addition, water purification plants are being reactivated 
and new ones constructed in order to cope with the rapid increase in public demand 
for water for domestic and industrial purposes. The current five-year plan includes 388 
projects for drinking-water and sanitation. By the year 2002, some 4,000 villages and 
12,000 communities will have domestic freshwater supplies and sanitary facilities. 
Local water purification plants are being manufactured for the first time in Egypt 
through the contribution of the private sector. The Ministry of Health is responsible 
for monitoring the potability of water for domestic use. 

Water for sustainable urban development 

Urbanization constitutes a serious social problem in Egypt owing to continuous 
migration of people to large cities. It has a serious impact not only on the water 
supply but also on the overall environment. Firm and objective measures to reverse 
the migration have been taken through the establishment of industrial and commercial 
centres in areas away from the major cities. The Ministry of Rehabilitation and New 
Communities has been established specifically for the purpose of relieving the 
prevailing burden imposed on the urban areas. This will ultimately enable adequate 
provision of water supplies for sustainable urban development. 

Water for sustainable food production and rural development 

The national economic strategy aims primarily at achieving sustainable food 
security. Land reclamation and agricultural development, both horizontally and 
vertically, are given priority among other economic development projects. Full 
cooperation between the water and agricultural sectors exists. Current activities 
pertaining to this programme area are numerous and diversified, important among 
which are the following: 

Construction of the Al Salam canal to cultivate 0.6 million feddans; 

Construction of new pumping stations on the Al Nasr Canal to irrigate 
0.13 million feddans in Nubaria area; 

Construction of New Esna Barrage to provide more water to downstream 
lands as well as to generate power and improve navigation on the Nile River; 
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Widening of the Ismailia Canal to provide irrigation water for about 0.9 
million feddans; 

Drilling of about 200 deep wells to increase the conjunctive use of surface 
water and groundwater; 

Extension of the tile drainage programmes to cover all old cultivated 
lands, and development and improvement of drainage projects; 

Study of crop water requirements and development of a relevant crop 
pattern. 

(vii) Impact of climate change on water resources 

A number of institutions dealing with the mitigation of climate change impacts 
on water resource development have been established. These are concerned primarily 
with the protection of coastal areas adjacent to the Nile Delta which are affected by 
water-related problems. However, their activities can be expanded to contribute to 
global climate change problems whenever such problems are detected and verified. In 
this regard, two institutions have been established: the Coastal Research Institute and 
the Institute for Research on Climatic Changes and their impact on water resources. 

(c) Iraq 

Integrated water resources development and management 

The national water policy in Iraq is directly attached to the continuity of river 
flows from the Tigris and Euphrates rivers, which are shared with Turkey and the 
Syrian Arab Republic. Integrated water resources development and management are 
being executed as planned; however, their sustainability depend on river agreements. 
The Ministry of Irrigation is the agency responsible for the development and 
management of all water resources in Iraq. 

Water resources assessment 

Normally there is activity related to this programme area, and information is 
updated periodically. However, reliable assessment is constrained by the vagueness 
of water agreements between riparian countries; such agreements are the subject to 
intense debates. The country is planning to establish a central monitoring network 
which will allow updating and promotion of water resources assessment activities. 

Protection of water resources, water quality and aquatic ecosystems 

Deterioration of river-water quality, particularly in the Euphrates, is due mainly 
to attitudes and patterns of water utilization by the upstream riparian countries. An 
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inadequate agricultural drainage network combined with waste-disposal projects and 
increased industrial activities exacerbate the problem. However, corrective action is 
being taken: environmentally sound areas for water disposal have been allocated, and 
adequate treatment plants are being constructed. The main drain project, which started 
in 1992, is being completed. This main drain will protect the water channels and lands 
in central and southern Iraq from contamination. An environmental impact assessment 
is being conducted on all new agricultural and industrial projects. A number of 
environmental laws and regulations have been enacted to protect the water resources 
from being contaminated. 

Drinking-water supply and sanitation 

The national policy and action plans regarding the drinking-water supply and 
sanitation are currently operational within the context of five-year programmes. 

Water and sustainable urban development 

Urbanization, owing to population growth and industrial activity, constitutes a 
major concern for the local authorities. However, adequate plans to provide water for 
sustainable development in urban areas are being implemented within the framework 
of environmentally sound conditions. 

Water for sustainable food production and rural development 

The agricultural sector in Iraq is receiving top priority. National plans call for 
increasing irrigated lands from 3 million hectares to about 4 million hectares by the 
year 2020. However, achievement of these targets for sustainable food security are 
subject to successful implementation of land reform, soil salinity reduction, 
construction of dams, canals and a drainage network. In this regard, the dams on the 
Tigris and Euphrates rivers are constructed for seasonal storage. Also, the main drain 
will enable the cultivation of about 1.5 million hectares, which will contribute 
considerably to food security in the country. 

Impact of climate change on water resources 

There is no mention of this programme area in the National Water Policy, but 
some measures are expected to be taken to combat drought and desertification in 
remote areas. 

(d) Jordan 

(i) Integrated water resources development and management 

Jordan is very much aware of the need to adopt sound water-sector management 
as part of its economic development schemes. Studies are in progress to restructure 
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the institutional framework so that it may be incorporated into the updated national 
water master plan currently under preparation. However, the main target is to bridge 
the gap in the supply/demand equation with projects that are economically feasible, 
environmentally sound and socially acceptable. In this regard, the demand-side 
management option is viewed as the most feasible solution to augment freshwater 
resources, and it also bears environmental benefits (win-win solution). Jordan tries to 
pursue this option by reallocating water among different users and instituting proper 
pricing mechanisms and structural adjustment programmes. In addition, water 
conservation techniques in both the agricultural and domestic sectors were introduced. 
In general, several options are to be investigated on the supply-side management to 
develop new and alternative sources of water, such as sea-water desalination, artificial 
groundwater recharge, use of marginal-quality water, wastewater reuse and water-
recycling. Meanwhile, a participatory approach involving users, planners and policy 
makers with respect to water resources development and management is being 
encouraged. 

Water resources assessment 

Several institutions are involved in the data collection processes; however, to 
date no major deficiencies in the available database have been identified. Water 
resources assessment continues to be implemented according to the general order of 
the five-year development plan (1993-1997). This requires: (a) evaluation of the 
quantity and quality of renewable and non-renewable surface water and groundwater 
resources; (b) completion of specific studies on fossil water, brackish water and deep 
groundwater; (c) centralization of water resources data collection and processing; and 
(d) modernization of the surface water and groundwater monitoring system in respect 
of quantity and quality. In addition, the facilities and procedures used to store, process 
and analyse the hydrologic data are being upgraded. The cooperation in the assessment 
of transboundary water resources, subject to the agreements with the riparian countries, 
should be strengthened further to allow for precise assessment of these resources. 

Protection of water resources, water quality and aquatic ecosystems 

The national policy with respect to protecting water resources from pollution 
consists of: (a) enacting a comprehensive environmental protection law; (b) creating 
a comprehensive water quality monitoring system; and (c) enforcing water quality 
standards on industrial and commercial effluents. However, the water quality is 
thought to be considerably affected by the newly introduced practice of water rationing 
and timely distribution, along with the prevailing inadequacy of the wastewater 
disposal network and groundwater over-exploitation. Thus, the Government has 
initiated several projects which will improve and conserve water quality and quantity. 
Important among these are an industrial pollution control programme covering 30 
industries in the Amman-Zarqa basin and an ongoing water quality improvement and 
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conservation project. Since 1975, the Government has established some seven 
protection zones with a total area of about 129 hectares in Ajioun. Aqaba, Azraq, 
Madaba and Tafila. The newly issued Environmental Act stresses water pollution 
prevention and control through several articles calling for: (a) application of the 
"polluter pays" principle; (b) promotion of the construction of treatment facilities for 
domestic and industrial effluents; and (c) establishment of standards for the discharge 
of effluents and for receiving water. 

Drinking-water supply and sanitation 

At present, about 97% of Jordan's population is served by a drinking-water 
supply system, and about 60% of the population's domestic disposals is connected to 
the public sewage system. The issues of proper maintenance and repair of drinking-
water and sanitation facilities are being stressed, and relevant development plans for 
expansion of these facilities are under way. Wastewater reuse for irrigation is also 
receiving substantial attention. The Government is embarking on a programme to 
rehabilitate the operating wastewater treatment plants and construct new ones. In this 
regard, the operational water supply and wastewater utility functions may be gradually 
privatized. Meanwhile, the Government is undertaking systematic public education and 
awareness programmes. 

Water and sustainable urban development 

Economic activity is centred in urban areas which currently house more than 
77% of the population. The annual growth rate of urban population is about 4.3%, 
which is considerably higher than the national population growth rate of 3.5% per year. 
Accordingly, the environmental impact is likely to worsen with the growth of 
urbanization and industrialization. On the other hand, in view of the constraints 
imposed by climate, soil and water, Jordan has limited potentialities for activities away 
from urban areas. Meanwhile, as the water resources in the main urban centres are 
overexploited, the Government is implementing costly water conveyance projects to 
be able to meet the growing demand for water for domestic and industrial purposes in 
urban areas. The environmental problems of sewage disposal also constitute a major 
concern for the Government. Therefore, reconciliation of city development planning 
with the availability and sustainability of water resources is being optimized in order 
to satisfy the basic water needs for sustainable urban development. The major issue 
of the water policy in urban areas is the preparation of systematic water audits and 
master plans for municipal systems, and the upgrading and development of municipal 
networks. In doing these things, the Government will enhance the existing block tariff 
system in urban areas and regulate private water delivery in these areas in accordance 
with resource management objectives and the regulations for drinking-water quality. 
Public awareness campaigns are also being initiated. 
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Water for sustainable food production and rural development 

The agricultural sector contributes only 7% to 8% to the national income and 
employs about 10% of manpower. Accordingly, self-sufficiency in food production 
has been replaced by the economic sustainability of other sectors, not including 
agricultural expansion. Although agriculture, with its limited economic contribution, 
is consuming almost three quarters of Jordan's water, the competition among different 
water users in agriculture, industry and municipalities will continue to be a major 
challenge to Jordan's planners and decision makers. Sustainability of food production 
and development of rural areas thus require the endorsement of the following specific 
policies: (a) treatment and reuse of wastewater; (b) potential utilization of brackish 
water in agriculture; (c) use of a cropping pattern that would provide a high return on 
water; and (d) promotion of modern irrigation techniques. 

Impact of climate change on water resources 

The Government acknowledges that this issue is fraught with uncertainty; 
therefore, the plan will stress facts rather than potentials, but liaison will be maintained 
with the scientific and academic international community so as to follow up this issue 
and react accordingly. Local seasonal climate changes, as a result of the predicted 
global temperature rise, may result in a decrease in rainfall, which may have a 
disastrous impact on agriculture and water resources. An upcoming project in 
capacity-building in Jordan, funded by GEF, will provide technical services to assist 
in climate change mitigation and adaptation through the advancement of national 
priorities in areas such as energy efficiency, fuel substitution, renewable energy 
development, and forest conservation and management. Meanwhile, local capacity to 
respond to the Framework Convention on Climate Change will be promoted to enable 
investigating the impact of climate change. 

(e) Kuwait 

(i) 	Integrated water resources development and Fnanagenzent 

The national water policy in Kuwait includes the development of three main 
water sources: the desalination of sea water, groundwater and reuse of treated 
wastewater. Management of these water resources is limited mainly to water allocation 
policy according to the quality of the water source. In this regard, groundwater 
development and management practices focus on; (a) application of relevant laws and 
regulations to groundwater extraction; (b) rational utilization; (c) artificial recharge; 
and (d) modernization of irrigation techniques. In respect of development and 
management of desalinated water, emphasis is given to continued research and studies 
on the efficiency of the various relevant desalination methods. Extremely valuable 
information has been extracted in this regard, particularly on the multi-stage flash 
evaporation method, which has proved to be the most relevant. In addition, with the 
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establishment of the Water Resources Development Centre, research and studies will 
continue to be promoted. 

Water resources assessment 

Owing to the limited water sources, water resources assessment constitutes only 
a modest component of the national water activities. However, the search for 
unexplored groundwater basins continues, and their potentialities are assessed and 
managed. 

Protection of water resources, water quality and aquatic ecosystems 

Groundwater is the main concern in this programme area. Deterioration of this 
source, which is due to overexploitation and the prevalence of salt-water intrusion, is 
mitigated through a number of protective measures: legislation; restrictions on water 
use; artificial replenishment, reform of irrigation techniques; and close supervision of 
water-well drilling. 

Drinking-water supply and sanitation 

This programme area has priority among other national activities. Drinking-
water is conveniently provided through two distinct networks of pipelines: the first is 
for drinking-water and carries water directly from desalination plants; the second 
carries water for other domestic purposes and carries brackish water. Expansion to 
cover the entire country is being progressively carried out. In addition, there are 
sanitation facilities which are adequately maintained. 

Water and sustainable urban development 

Water is supplied to urban areas for domestic and industrial purposes mainly by 
means of desalination plants. Future demand is continuously planned for in the 
national water policy, and the utmost care is taken to ascertain its sustainability. 

Water for sustainable food production and rural development 

In view of the limited water sources allocated to the agricultural sector, 
development of rural areas has modest priority and the private sector has responsibility 
for it. Although the agricultural sector in Kuwait consumes more than 60% of all 
water resources, the country continues to depend mainly on food imports, and 
accordingly there are no plans for self-sufficiency in food. 

Impact of climate change on water resources 

This programme area does not appear in the national water policy. However, 
scientists and professionals are currently participating in international meetings. 



(f) 	Lebanon 

Integrated water resources development and management 

Despite the apparent abundance of water sources in Lebanon and the 
comparatively high seasonal rainfall, water continues to be a crucial resource. There 
are three basic types of water development and management projects in Lebanon: (a) 
projects developed and managed by the Government; (b) projects developed and 
maintained by the Government but managed by the private sector; and (c) projects 
developed and managed by the private sector. Therefore, national integrated 
development and management is vague. 

Water resources assessment 

In the absence of an updated national water policy, a reliable and comprehensive 
water resources assessment is not available. The prevailing situation in Lebanon 
impedes planning for a national water policy whose implementation would be feasible. 

Protection of water resources, water quality and aquatic ecosystems 

For the same reasons mentioned above, water resources are inadequately 
protected. The domestic water network is deteriorating and the irrigation system is ill-
maintained. 

Drinking-water supply and sanitation 

The situation with regard to the drinking-water supply and sanitation facilities 
remains crucial, and the country lacks the relevant infrastructures. Although relevant 
plans have been drawn up, their implementation has yet to be effected. In view of the 
complexity of the technical problems associated with the old drinking-water supply 
network and treatment plants, which have remained unchanged or inadequately 
maintained for a considerable length of time, along with the multiplicity of municipal 
water authorities, the problem of the drinking-water supply and sanitation will continue 
to deteriorate unless serious and urgent measures are agreed upon and taken. With 
respect to sanitation, although a considerably high percentage of the domestic waste 
disposal systems are connected to the public sewage system, the treatment plants are 
not functioning adequately. 

Water and sustainable urban development 

This issue is the subject of a great deal of activity at the national level, and the 
utmost effort is being made in order to maintain an acceptable level of daily life, 
which is imperative for all economic activities. However, the above-mentioned 
constraints and problems still prevail in the cities. 
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Water/or sustainable food production and rural development 

The majority of food production is currently provided by the private sector, 
which depends mainly on dated agricultural projects. National irrigation projects have 
been suspended for the time being. This situation reflects negatively on food security 
and sustainability. In addition, the complexity of the technical problems associated 
with the prevailing irrigation systems, along with the multiplicity of agricultural and 
irrigation authorities, constitute major constraints facing the promotion of this sector. 

Impact of climate change on water resources 

This programme area is not currently the subject of any activity in Lebanon. 

(g) Oman 

Integrated water resources development and management 

With the establishment of the Ministry of Water Resources in 1990, integrated 
water resources development and management is now more possible than ever. 
However, they are currently applied to some basins and for certain purposes. Some 
examples are newly constructed recharge dams, exploitation of groundwater at coastal 
basins (al-Batina) and protection zones, particularly for water for domestic purposes. 
In addition, the issuance of laws and regulations constitutes a complementary and 
integral part of the development and management of water resources in the country. 
The Aflag water system is considered an ideal example of water management. 

Water resources assessment 

A national groundwater inventory project is currently in progress. A database 
and various sets of hydrogeological maps are being prepared, and surface water is 
being evaluated. The monitoring system is being strengthened, and observation 
stations are being established. 

Protection of water resources, water quality and aquatic ecosystems 

Although surface water and groundwater are threatened with depletion and 
pollution, adequate plans have been devised, and laws and regulations concerning the 
protection of these water resources are strictly enforced. Aquatic ecosystems are 
currently protected. 

Drinking-water supply and sanitation 

The water policy currently in force includes programmes for the provision of 
drinking-water supplies and sanitary facilities. These programmes are progressively 
implemented according to a pre-set geographical distribution scheme. More than 90% 

57 



of urban centres and about 50% of rural areas are connected to safe drinking-water. 
As for sanitation facilities, it is believed that these are available to all urban centres 
and about 40% of rural areas. 

Water and sustainable urban development 

Appropriate plans and projects for provision of water for domestic and industrial 
purposes are being implemented in urban areas within the framework of the prevailing 
national development programme. These projects are therefore given high priority. 
As indicated above, urban areas enjoy almost full services as regards water supplies 
and sanitary facilities. 

Water for sustainable food production and rural development 

The Government is currently encouraging the public sector to expand land 
reclamation and intensive agriculture by providing various sorts of incentives and 
selling land at nominal prices. However, sustainability of food production is 
constrained only by the water shortage. 

Impact of climate change on water resources 

There is no activity with regard to this programme area except for some drought-
related activities. 

(h) Qatar 

Integrated water resources development and management 

In the absence of a national water policy, integrated water resources development 
and management seems to be vague. Furthermore, owing to the continued 
deterioration of the groundwater basins, the gap between available water resources and 
demand is being bridged by increased levels of desalinated water, reuse of treated 
wastewater, and negotiations to import water from the Islamic Republic of Iran. The 
decrees issued for water utilization are considered the main tools for water 
management. 

Water resources assessment 

This programme area is not being systematically implemented, nor is it thought 
to be updated. All efforts are oriented towards development of non-conventional water 
resources, owing mainly to the extreme shortage in groundwater potentialities. 
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Protection of water resources, water quality and aquatic ecosystems 

Deterioration of water resources as regards quantity seems to be unavoidable. 
Estimates indicate that the water supply will be completely depleted by the year 2000 
if exploitation continues at the prevailing rates. Water quality is also being 
continuously threatened. Therefore, this programme area has been given a low profile. 

Drinking-water supply and sanitation 

This programme area is perhaps the only issue that has received national interest 
and effort. Drinking-water is provided from desalination plants, and sanitary facilities 
are considered adequate. The cost of drinking-water is greatly subsidized by the 
Government. 

Water and sustainable urban development 

As mentioned above, this programme area is given utmost priority in the national 
economic programmes as a crucial means of supporting the majority of the urban 
population, and to maintain current economic and industrial activities. 

Water for sustainable food production and rural development 

This programme area does not constitute an important issue in the Government's 
plans. The country depends to a great extent on food imports, and food security 
therefore seems to be out of reach. 

Impact of climate change on water resources 

This programme area is not currently receiving any consideration. 

(i) 	Saudi Arabia 

Integrated water resources development and management 

A comprehensive and updated water strategy is currently in force. Development 
of water projects are implemented according to plans and programmes. Management 
is normally restricted to water basins or sub-basins. There is an institutional 
framework which adequately supports these activities. Therefore, this programme area 
is well under way. 

Water resources assessment 

Assessment of water resources in Saudi Arabia is continually updated, owing 
mainly to the availability of a well-established and intensive monitoring system and 
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observation network, the introduction of a database and the GIS, and other technical 
support tools. Accordingly, the activities and means of implementation pertaining to 
this programme area are in line with those outlined in Agenda 21. 

Protection of water resources, water supply and aquatic ecosystems 

Serious measures are under consideration to mitigate the impact of the current 
water deterioration problem. Nevertheless some serious problems persist. Laws and 
regulations pertaining to the protection of water resources play an important role in 
controlling attitudes and patterns of agricultural and industrial activities. 

Drinking-water supply and sanitation 

This programme area is continuously under consideration, and plans to provide 
adequate water supplies and sanitary facilities have been devised. These facilities are 
not available throughout the country, but relevant projects will be executed 
progressively. It is currently believed that almost all urban centres have access to 
adequate drinking-water supplies and sanitary services, and about 50% of rural areas 
have adequate drinking-water and 40% have adequate sanitary services. 

Water and sustainable urban development 

Major urban areas enjoy water sustainability for at least domestic and industrial 
purposes. A considerable effort is being made to satisfy all water needs in these areas 
even if transfer of water from remote areas proves to be the only solution. 

Water for sustainable food production and rural development 

In view of the water shortage, this programme area is constrained, and rural 
development is not always feasible. Accordingly, food security is not adequately 
maintained, and the country will continue to depend partially on food imports, which 
does not constitute a major handicap. 

Impact of climate change on water resources 

There is no activity in this programme area with the exception of activities 
related to water conservation in drought-prone areas. 

(j) 	Syrian Arab Republic 

(i) 	hitegrated water resources development and management 

A national water policy is foreseen, and water development projects have been 
developed within the context of the current five-year plans and programmes. 
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Integrated water resources development and management is conducted at the level of 
individual closed basins (Euphrates, Al-Assy, Damascus) through central authorities for 
each individual basin. The absence of water agreements with riparian countries 
precludes the establishment of a long-term national water policy. A National Water 
Research Centre is being established. Meanwhile, within the activities of this 
programme area, the country is adequately dealing with eventual flood and drought 
phenomena through the construction of dams at relevant sites. Artificial groundwater 
recharge and treatment and reuse of wastewater are also receiving considerable 
attention. The country possesses high capabilities in public awareness through local 
community committees and professional syndicates. These issues are considered 
valuable tools leading to appropriate integration of the development and management 
of water resources. 

Water resources assessment 

Despite the importance of water resources assessment and need to achieve it at 
the national level, it has been conducted at various occasions and only for individual 
water basins. The establishment of a database and the use of models are being 
promoted. The monitoring network in surface-water and groundwater basins is being 
expanded. In general, this programme area is well acknowledged, and activities are 
being initiated. 

Protection of water resources, water quality and aquatic ecosystems 

Deterioration of both surface water and groundwater is considered a serious 
problem. This is due mainly to the prevalence of inadequate wastewater and irrigation 
drainage systems. Serious efforts are directed towards the protection of these sources 
through the establishment of specialized institutions and an increase in national 
capacity and reuse of wastewater. The newly established Ministry of Environment is 
giving particular emphasis to this programme area. In this regard, the Ministry has 
issued standards for industrial wastewater disposed of in the sewage network. 
Standards for safe drinking-water have also been issued. The water quality monitoring 
system is being promoted. The "polluter pays" principle is being applied, and 
protection zones are being identified. Major industrial factories are obligated to 
establish local waste treatment units. 

Drinking-water supply and sanitation 

This programme area receives priority in the national water programmes. 
However, deficiencies in financial resources may impede extension of these facilities 
to cover all localities. In addition, the prevalence of closed basins makes transfer of 
water a major constraint. About 90% of urban centres currently have safe drinking-
water, and about 75% have sanitary services, while in rural areas the numbers drop to 
about 70% and 60% respectively. 
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Water and sustainable urban development 

National water development plans include a basic consideration for the 
development of urban areas, which are home to the main economic and industrial 
activities. Achievement of these goals is currently constrained by a shortage of water 
and financial resources and wastewater network resources. However, the construction 
of a new wastewater treatment plant in Damascus is nearly completed, and a similar 
one in Aleppo is under way. In addition, artificial groundwater recharge in Damascus 
is being implemented to supply additional drinking-water to the city. 

Water for sustainable food production and rural development 

Food security remains a primary target in national economic plans. Some 140 
dams have been constructed at various water basins since 1968. Major efforts are 
being oriented toward rural development; however, this is constrained by: absence of 
water agreements with riparian countries; groundwater deterioration; and insufficient 
financial resources. The rural councils are actively contributing to the development of 
rural areas through integrated management of each individual basin. 

Impact of climate change on water resources 

A study on the impact of climate change, based on the assumptions made by the 
United Nations in respect of the rise of the water temperature by 1 .5°C to 3°C and the 
sea-water level by 0.6 in to I m, has been carried out in the coastal areas of the 
country. The results indicate that, if the assumptions are valid, salt water will intrude 
into the coastal aquifers, which will render the groundwater unsuitable for irrigation. 

(k) United Arab Emirates 

Integrated water resources development and management 

In the absence of a long-term national water policy, along with the multiplicity 
of water authorities with conflicting functions, appropriate integration of water 
resources development and management is apparently vague. Therefore, this issue 
should be reconsidered from a scientific viewpoint, and activities pertaining to this 
programme area should be activated. 

Water resources assessment 

Assessment of both surface water and groundwater resources is being conducted 
at the sectoral level. Current efforts in this regard still need intensification. However, 
the country operates a network of observation stations for collection of various 
hydrological, meteorological, and groundwater data, which are transferred to computer 
programs for water resources assessment. 
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Protection of water resources, water quality and aquatic ecosystems 

Owing to widespread efforts in respect of treatment and reuse of wastewater at 
the national level, water pollution has been greatly reduced. In addition, with the 
establishment of the Federal Environmental Agency (FEA) in Dubai, concentrated 
water protection activities will be promoted and activated. Regular campaigns are 
being carried out to create awareness among water users about water protection and 
conservation. 

Drinking-water supply and sanitation 

Both issues are given top priority in the national development programmes. 
Adequate drinking-water is provided by plants that desalinate both salt and brackish 
water. Sanitation facilities aim at reuse after third category treatment. Therefore, this 
programme area is well in harmony with that of Agenda 21. 

Water for sustainable urban development 

Intensive efforts are being made in respect of all urban areas in the United Arab 
Emirates, and accordingly sustainable development is being appropriately achieved. 
This may be due mainly to the decentralization policy prevailing in the United Arab 
Emirates, which gives more attention to urban areas. 

Water for sustainable food production and rural development 

Despite the continuous support of the Government for the private sector with 
respect to rural development, the chances for achieving food security remain doubtful, 
owing mainly to the severe shortage of national water resources. However, intensive 
activity in respect of reuse of wastewater has enabled the United Arab Emirates to 
plant more than 20 million palm trees, which is a record. 

Impact of climate change on water resources 

There is no activity related to this programme area, with the exception of studies 
into the use of brackish water in agriculture. 

(I) 	Yemen 

(i) Integrated water resources development and management 

The implementation of the national water policy that has been recently prepared 
remains unlikely without considerable financial support. Although water development 
projects are being implemented at a modest rate, water management is inadequately 
integrated. Most of the water development projects are driven or motivated by sectoral 
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demands, while the resource management responsibility is fragmented among numerous 
sector users instead of being consolidated into a single national management entity 
which can integrate the development activities with socio-economic development. 
However, the mandate of the proposed National Water Resources Authority (NWRA), 
which is expected to be functional by 1996, considers this particular programme area 
as its main task. 

Water resources assessment 

Assessment of water resources in Yemen is being conducted only sporadically. 
Although plans for WRA do exist, their implementation remains constrained by the 
scarcity of both technical and financial resources. It is hoped, however, that the 
establishment of the NWRA will provide the institutional framework to enable a 
comprehensive WRA. 

Protection of water resources, water quality and aquatic ecosystem 

Owing to the prevailing scarcity of water resources, surface water and 
groundwater basins are continuously subjected to both quantitative and qualitative 
deterioration. The taking of measures to protect these resources is constrained by 
financial problems. Owing mainly to the prevailing tendency of sectoral entities to 
focus on development and use while ignoring management, the water degradation 
problem will persist and probably augment. A serious new hazard is now emerging 
as a result of the disposal of the water by-product of the newly discovered oil field in 
F!adramawt into the groundwater basin in Masila. 

Drinking-water supply and sanitation 

There are serious problems associated with this programme area. The country 
lacks adequate infrastructures for drinking-water supplies and sanitation projects, which 
require intensive efforts and financial support. The proportion of the population with 
access to piped drinking-water probably does not exceed 30% to 40% of the total 
population. A similar percentage of the population has public sanitary facilities. 
Furthermore, owing to the continued leakage from the inadequate sanitary network into 
the fractured drinking-water pipeline, waterborne diseases prevail, and this is believed 
to be the main reason behind the high mortality rate among children. 

Water and sustainable urban development 

Although numerous activities are being carried out under this programme area, 
the multiplicity of problems related to the water shortage coupled with financial 
constraints impede the achievement of sustainable urban development. The current 
level of water supplies and sanitation facilities in urban areas is considerably low 
compared with those targeted in Agenda 21. 
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Water for sustainable food production and rural development 

In view of the limited surface water resources, along with the continuous 
deterioration of groundwater basins, rural development is insufficient to support food 
security. Therefore, in this programme area Yemen is still behind the anticipated 
goals. 

Impact of climate change on water resources 

A newly established project to conduct research on climate change is being 
sponsored in Yemen by the Government of the Netherlands. In 1995, the 
Environmental Protection Council organized a workshop on the various impacts of 
climate changes, including those on water resources. 

E. CONCLUSIONS AND RECOMMENDATIONS 

1. Conclusions 

Chapter 18 of Agenda 21 focuses specifically on the protection of water 
resources and the water supply through the application of integrated approaches to the 
development, management and use of these resources. The chapter includes seven 
programme areas, described in terms of basis for action, objectives, activities and 
means of implementation. It gives comprehensive coverage of major water resources 
issues which are crucial to the appropriate conservation, development and sustainability 
of those resources for the various types of use. 

The status of available water resources in the ESCWA region indicates a number 
of constraints and challenges to the provision of water supplies to satisf' projected 
requirements. While some countries are suffering from an extreme shortage of water 
resources, others are approaching the same predicament. The major water resources 
constraints and challenges in the ESCWA region have been described for each country, 
and serious action and objective, economical water development and management plans 
and programmes should be considered as early as possible. 

The review of the general features of the national water strategy and policy of 
each country in the ESCWA region reflects the principal indicators and general 
features of the extent to which the programme areas have been incorporated into these 
water strategies. However, it should be recalled that most of the readily available 
national water policies predate Agenda 21. This does not necessarily imply that 
previously endorsed water policies must be reformulated; however, Agenda 21 can still 
be used to fill gaps and promote the scope of those policies. It has been shown that 
some countries in the region are taking action in accordance with the programme areas 
listed in chapter 18 of Agenda 21. Others either have a water policy and plans but are 
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unable to implement them or have not endeavoured to formulate a water policy at the 
national level. The extent to which each programme area of chapter 18 of Agenda 21 
is reflected in the national water strategies and policies has been shown, and 
considerable variation has been revealed in respect of the extent to which these 
programme areas are being implemented in the ESCWA region. 

A specific evaluation has been presented of the status of each ESCWA member 
country with regard to the implications of the various programme areas. In general, 
with the exception of the programme area pertaining to the impacts of global climate 
change on water resources, all countries are fully or partially addressing the issues in 
the various programme areas, although the scopes and levels of implementation differ. 

2. Recom,nendations 

Recommendations for strengthening incorporation of the objectives, activities and 
means of implementation of the various programme areas included in chapter 18 of 
Agenda 21 into the national water plans and economic development programmes of the 
countries in the ESCWA region are addressed to both international and regional 
organizations as well as to the countries themselves, including the water researchers 
and planners. 

(a) Recommendations addressed to international and regional organ izations 

Technical assistance for the formulation of a national water policy 

As foreseen, some countries have had technical difficulties in formulating and/or 
updating their national water policies. Therefore, the international and regional 
organizations are requested to provide such assistance to these countries by assigning 
a number of qualified consultants. 

Financial assistance 

Agenda 21 includes a clause regarding the estimated annual cost of 
implementing the activities of each programme area. The funds are to be provided 
from the international community as grants or on concessional terms; however, the 
status of these funds is vague. Therefore, the international organizations in the region 
are requested to follow up this matter for the purpose of allocating relevant financial 
assistance, specifically to the countries suffering financial deficiencies. 

Follow-up 

The international and regional organizations are requested to continue following 
up the implementation of the various components of Agenda 21 by organizing periodic 
seminars and ad hoc meetings in order to detect any eventual technical constraint that 
may impede the progress of activities. 
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Training courses 

Agenda 21 is composed of programme areas broken down into terms of 
objectives, activities and means of implementation; however, in practice these should 
be elaborated and detailed, particularly with respect to human resources building. 
Therefore, the international and regional organizations are requested to organize and 
sponsor ad hoc training courses in line with the main components of each programme 
area. In this regard, a roving mission composed of highly qualified instructors can 
give on-site training in each country that may request it; in this way, the training can 
be assured of reaching the greatest number of individuals. 

Dissemination of Agenda 21 

It is apparent that the distribution of Agenda 21 has been confined to very few 
offices in the region. Accordingly, its contents are inadequately known to all sectors 
of professionals, planners and decision makers. Therefore, the concerned international 
organization is requested to effect wider dissemination of the document, including 
ministries, national authorities, municipalities and research institutions. 

(b) Recommendations addressed to the countries in the ESCWA region 

Water master plans 

All countries in the region are urged to update their national water policies or 
formulate one. Alternative scenarios should be developed in order to account for 
eventual climate changes and unforeseen water risks that may result from changes in 
environmental, social, political or technological conditions. 

Water development versus management 

Water development is not always the sole rescue from a water shortage. 
However, non-structural water management should be integrated with structural water 
development. This is due to the fact that the integrated approach to water development 
and management is the most appropriate technique for alleviating water resources 
constraints. Therefore, all countries are urged to manage their readily developed water 
resources adequately by reducing water losses, adopting low-rate consumptive tools in 
irrigation and industry, and maintaining water-supply and sanitary networks. 

Water agreements between riparian countries 

Governments are urged to seek all possible political approaches with 
neighbouring countries which share the same water source in order to reach a clear and 
well-defined water agreement. 
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Water resources assessment 

This programme area should be given top priority in any national water policy, 
since water resources assessment constitutes the basic information for any water 
development and management plan. 

Avoidance of multiplicity of water authorities 

A multiplicity of water authorities with overlapping or conflicting functions is 
a major impediment to efficient water management. Therefore, all countries should 
endeavour to avoid such multiplicity by assigning the responsibilities of water 
development and management to one specific authority or ministry. 

Environmental strategy 

The role of environmental institutions is becoming a leading issue for water 
decision makers. Therefore, parallel to a national water strategy, the formulation of 
national environmental strategy is now more imperative than ever. This is due to the 
fact that the various water sources are continuously deteriorating in quality, which in 
turn will render their utilization risky to all sorts of life. 

Public awareness and participation of non-governmental organizations 

This issue is the most effective tool for adequate water conservation. Therefore, 
with active public participation, all endeavours towards conservation and rational 
utilization of water resources will be more fruitful. The involvement of non-
governmental organizations should be encouraged. 

Human resources development and capacity-building 

Implicit in virtually all programme areas pertaining to water resources and 
related matters is the need for progressive enhancement of the institutional framework 
and the training of personnel. 

(c) Recommendations addressed to water researchers and planners 

Within the context of the water resources section of Agenda 21, the main goal 
has been specifically identified as the protection of the quality and supply of freshwater 
resources through the application of integrated approaches to the development, 
management and use of water resources. In this regard, a set of measures should be 
considered to account for the important physical, economic, social and cultural linkages 
within the system being developed and managed. In order to achieve these linkages 
adequately, four major problem areas are particularly recommended (UNESCO, 1991): 
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Incorporating the environmental, social and cultural consequences of water 
resources projects into the early stages of project planning. This includes a systematic 
assessment of environmental impacts; 

Integrating watershed land management with surface water and 
groundwater resources development in order to deal effectively with important land-
water linkages in river and groundwater basins, particularly in respect of quantity and 
quality; 

Allocating water rationally among competing users in the context of 
efficiency, equity, sustainability and order objectives. This implies placing emphasis 
on the demand side in water resources management in order to balance the demand for 
and supply of water; 

Achieving effective implementation of national project plans, including the 
involvement of local people in planning and implementation. In the case of riparian 
countries, high authorities and top decision makers, in cooperation with researchers and 
planners, are to be involved in the planning and implementation processes, within the 
prevailing water agreements. This will enable better integration of upstream 
management with downstream water development. 
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III. METHODOLOGIES FOR WATER SECTOR PLANNING 

A. GENERAL OBSERVATIONS 

The continuously increasing demand for water and the rapidly diminishing water 
supplies makes rational water sector planning imperative. Water sector planning 
should be carried out within the context of national development goals and objectives. 
The planning process must recognize that the development in the water sector and 
other sectors is interdependent and mutually supporting, in such a way as to achieve 
integrated water management at the national level in accordance with the respective 
programme areas and objectives of Agenda 21. 

The planning process should proceed with a good understanding of national 
development goals, sectoral objectives, and planning horizons. The sectoral review 
should be carried out with specific objectives to generate information and data needed 
for the planning exercise. Alternative strategies should be formulated and tested to 
determine the best option for attaining the sectoral objectives. The selected strategy 
should clearly spell out the policies, programmes and projects. The financial 
requirements to implement the plan should be assessed to test the viability of the plan 
within the context of macroeconomic budgetary constraints. 

Water sector planning requires an enormous amount of data which can be 
translated into supply and demand. The scarcity of reliable data in the ESCWA region 
about these supply and demand variables may not facilitate efficient water sector 
planning. 

B. METHODOLOGY FOR WATER SECTOR PLANNING 

A substantive knowledge of all aspects of the water sector at the national level 
is a prerequisite for water planning. Once basic information is developed within a 
systematic framework, comprehensive planning is possible. Such knowledge can be 
achieved through acquisition of the already compiled basic data on water, land and 
manpower resources, in addition to the new data to be collected after establishment of 
a minimum required monitoring network throughout the country. This will furnish an 
initial database and thus permit substantive resource assessment. 

In other words, water planning at the national level is only possible if the 
following questions can be answered (1): 

How much water is available in the short, medium, and long term? 

What are the present uses and the future demands in the same ranges? 
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(c) 	To what extent may the available and potential water resources satisfy 
these demands for all sectors? 

This supply and demand approach for planning formulation may lead to the 
proposal of certain measures to cope with the prevailing situation such as: 

Exploring new sources to be exploited; 

Reallocating resources among various users; 

Controlling per capita and/or irrigation consumption rates and water 
demand in general; 

Conducting feasibility studies on the basis of these findings to ascertain 
possible alternative strategies. 

The first two above activities have some social and political impact which must 
be carefully dealt with in the master planning. The third activity embodies financial 
and institutional arrangements. 

In line with the above, the overall work plan for water master planning is 
presented below (see charts I to VIII). 

The work plan should be as comprehensive as possible in order to include all 
envisaged activities to achieve the following: 

A comprehensive water database; 

A sound monitoring system; 

An assessment of the available resources (water, land and manpower); 

Water use/demand projections; 

Formulation of a plan in accordance with the above. 

It is worth noting here that the reliability of the plan formulated is totally 
dependent on the availability of water sector data, and their adequacy and reliability. 
Therefore, the work plan will focus on data acquisition. Sound cooperation between 
public and private institutions active in the water sector at the national level is required 
during the planning process. In addition, it must be kept in mind that water planning 
should not be rigid, and should permit modifications and revisions in line with the 
availability of more data and/or the overall changes in socio-economic conditions at 
the national level. This means that the final product of the work is a National Water 
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Master Plan based on the available water sector data and socio-economic aspects 
prevailing during the formulation of the master plan. 

In order to develop a water sector plan that is consistent with the overall national 
development plan, the following activities should be undertaken (2): 

Review of national development goals and objectives; 

Development of sectoral objectives and setting of preliminary growth 
targets to achieve national development goals and objectives; 

Canying out of sectoral review, collecting relevant data and information, 
and revising growth targets; 

Defining planning horizons and making future projections about the 
sector's development; 

Describing and analysing alternative strategies for achieving planned 
targets for the sector; 

Formulating and analysing programmes to be carried out to achieve the 
sector's targets and objectives; 

Assessing financial requirements to implement the projects and 
programmes, including the yearly financial plan for the plan period and possible 
sources of financing. 

Although the above sequence of various activities provides a logical framework 
to prepare the sector plan, it does not mean that there can be no deviation from the 
suggested sequence. The sequence only suggests that the information generated by one 
component can serve as an input to initiate and organize the work for the next 
component. The planning process can proceed simultaneously on more than one 
component, because the suggested components are interrelated and interact. 

What follows is a brief review of each of the above required activities. 

(a) National development goals 

The term "planning" generally refers to the process of allocating scarce resources 
in a manner that will maximize the achievement of selected objectives. The 
development goals and objectives are most frequently defined in terms of high 
economic growth, better income distribution, less inflation, and high employment level. 
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Sectoral objectives and growth targets 

In order to accomplish the national development goals, the economy is divided 
into various economic sectors, and objectives and growth targets are set for each 
sector. There is a distinction between an objective and the target; the latter may be 
defined as the quantitative transformation of the former. The sectoral growth targets 
are generally rationalized on the basis of intersectoral relationships, the relative 
importance of a particular sector, and the potential availability of physical and financial 
resources. 

Diagnostic surveys and sectoral review 

The diagnostic surveys and sectoral review studies to be carried out in support 
of water sector planning should collect and generate the following data and 
information: 

Data acquisition, analysis and review of the available literature; 

Assessment of conventional (surface water and groundwater) and non-
conventional water resources in terms of availability and reliability in quantity and 
quality; 

Identification of water-consuming sectors, water requirements and 
projection of water demand; 

Determination of the water supply/demand gap at the national level; 

Provision of water development projects to bridge the gaps, considering 
the ongoing and planned water projects and scheduling of their financing; 

(1) 	Cost-benefit analysis and feasibility studies considering the prevailing 
socio-economic conditions; 

Survey of water losses and/or water use efficiencies in various water-
consuming sectors and provision for possible water conservation measures including 
water legislation; 

Identification of environmental impact of water management practices; 

Capacity-building infrastructures including institutional arrangements for 
water resources management, administration and execution of the master plan. 

75 



Planning horizon and future projections 

The planning exercise can be carried out for the planning horizon, which could 
be either short-term (annual plan), or medium-term (five-year plan), or long-term (10 
years or longer plan). In most of the ESCWA member countries, medium-term 
planning is a common planning horizon. The medium-term plans can be reviewed 
periodically and adjusted to reflect changes in overall economics over time. 

Alternative strategies 

In order to achieve an objective, or a target, or both, a development strategy is 
needed. The development strategy may be defined as a framework that consists of 
different policies, programmes, projects, and measures which help to attain a particular 
objective. 

The selection of a particular strategy is mainly guided by the nature of the 
objective; therefore, before adopting a particular strategy, its usefulness must be 
examined and compared with other possible strategies within the context of the time 
horizon. 

Programmes for water resources development projects and policy formulation 

The next step is to prepare a detailed programme of policies and projects which 
is consistent with the overall development strategy. In the whole planning process, 
policy-making is a relatively complex and difficult task. Policy reforms introduced in 
one sector can easily influence the performance of other sectors. Therefore, before a 
policy is implemented, it is important to analyse its possible economic effects on other 
sectors of the economy. The projects proposed can be viewed as another variant of 
the policy. Sometimes projects are conceived and prepared in support of the policies 
formulated to achieve sector objectives. As such, the project can be viewed as an 
action measure to implement a policy. 

Financial assessments 

The financial resources required to implement the plan during the planning 
horizon have to be assessed. Financial requirements should be projected over the 
planning period to identif' the amount needed to implement plan activities and 
development projects in each year to facilitate annual updating of the sectoral budget, 
if needed, and to make intersectoral comparisons in terms of funds needed and 
development projects to be implemented. In the ESCWA region in general, financial 
resources are scarce; hence it is important to identify the possible sources of funding 
for each activity defined in the plan. In addition, financial requirements should be 
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examined against the national budget within the context of the socio-economic 
development goals and priorities. 

GUIDELINES FOR DIAGNOSTIC SURVEYS AND SECTORAL REVIEWS (3) 

In order to work out a National Water Master Plan (NWMP), the following are 
the subjects of the main diagnostic surveys which have to be carried out: 

I. 	Data acquisition and inputs. 
Water resources monitoring. 
Water resources assessment in quantity and quality including non-
conventional resources. 
Socio-economic and environmental analysis. 
Water use and demand projections. 
Water legislation and water rights inventory and assessment. 
Institutional set-ups involved in each of the above activities. 

These diagnostic surveys and their envisaged outputs, as described in the 
following charts, would lead to the formulation of a National Water Plan, with water 
use strategy based on adopted national water policy as well as the establishment of a 
Water Resources Database. 

The components of the outlined diagnostic surveys are interrelated (see chart 
VIII). 

CHART I. ACTIVITY I: DATA ACQUISITION, ANALYSIS AND INPUT 

Sub-activity Output 
Collection and analysis of data, reports, Creation of a comprehensive water 
maps, aerial photos, satellite imageries database with nationwide coverage 
(hydrology, meteorology, hydrogeology, 
geology, topography)  
Identification of computer facilities Standardization of water data collection, 
users, hard and software, methodology processing, analysis, storage and 
and manpower involved retrieval 
Inspection of data flow mechanisms Computerized data flow system 
Review and appraisal of adequacy and 
reliability of water data with relevance 
to water master planning  
Establishment of a comprehensive water Water data periodic dissemination 
data bank 
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CHART II. ACTIVITY II: WATER RESOURCES MONITORING 
Sub-activity Output 

Description of existing monitoring Report on current monitoring methods 
systems for surface and groundwater 
(instrumentation, network density, 
operation and maintenance) 
Design of new system network, data Proposal for physical extension of 
collection and processing monitoring system 
Identification of efficient monitoring Proposal for institutional set-up to 
system requirements (instrumentation, maintain and operate the system 
manpower, workshops) 
Final design, tender documents for Construction of minimum required 
station rehabilitation and construction of observation stations 
new stations 

CHART III. ACTIVITY III: SURFACE WATER ASSESSMENT 
- 	Sub-activity Output 

Identification of institutions, manpower 
involved, previous studies, available 
surface water, major surface water 
structures 
Review, assessment and evaluation of Surface Water Resources Report 
relevant literature and available surface 
water data 
Field survey to check existing surface - Hydrology (rainfall, runoff, 
water gauging stations evaporation, sediment loads, water 

quality); 

Construction of relevant thematic surface - Present and potential use of surface 
water maps onto earlier prepared base water resources; 
maps 

- Proposal of action programmes: 
Analysis and interpretation of surface • Further studies; 
water data and writing of technical • Surface water development 
reports projects; 

• Surface water legislation, 
administration and 
monitoring; 

- Annexes and maps 	- 
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CHART IV. ACTIVITY IV: GROUNDWATER ASSESSMENT 

Sub-activity Output 
Identification of institutions, previous 
studies, available groundwater data, 
drilling activities 
Inventory, evaluation and appraisal of Groundwater Resources Report 
relevant literature and records and of 
hydrogeological set-up in each basin 
within the country  
Conducting complementary studies - Geologic set-up 
(geophysics, pumping test, simulation 
modelling) as needed - Hydrogeology 

- Groundwater quality 
Construction of relevant thematic 
groundwater maps onto earlier prepared - Constraints and problems in the field 
base maps of groundwater development, 

management and administration 

Analysis and interpretation of - Proposal of action programmes: 
groundwater data and writing of • Further investigations; 
technical reports • Legislation; 

• Control measures; 

- Annexes and maps 

CHART V. ACTIVITY V: SOCIO-ECONOMIC SURVEY 

Sub-activity Output 
Identification of major factors governing Report on: 
socio-economic development and 
prospects; delineation of the various Aspects of regional development; 
development regions and population - Presentation of regional structures 
centres and their socio-economic properties 
Cost-benefit analyses of major projects - Criteria for project priorities (in the 
envisaged in the development plans light of projected water demand and 
(with special attention to water local water availability) 
availability on a national scale) 
Interpretation and analysis of socio- - Description of major development 
economic data and report writing projects and identification of their 

priorities 
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CHART VI. ACTIVITY VI: WATER USE AND DEMAND 

Sub-activity Output 
Determination of per capita, irrigation Report on: 
(per ha) and industrial water demand. 
Estimation of present and future water - Domestic/industrial water demand; 
use and demand in line with socio- 
economic prospects, up to certain - Present water consumption and 
planning horizons projected demand; 

- Net and gross irrigation water 
demand, irrigated acreages, total 
usages (present, projected) 

Description of the existing public and - Existing water supply system 
private water supply systems (sources, 
consumption centres, institutional set- 
up, O&M [operation and management] 
mechanisms)  
Description of waste disposal/treatment - Sewage disposal and treatment plants 
facilities (institutional set-up, O&M 
mechanisms, possibilities of water - Water pollution and control measures 
reuse, identification of protection for environmental protection 
areas)  
Overall assessment - Description of major agricultural 

projects with regard to long-term water 
availability 

- Action proposals for water resources 
allocation to meet water requirements 

CHART VII. ACTIVITY VII: WATER LEGISLATION 

Sub-activity Output 	 - 

Identification of existing water use 
systems, allocations, traditional 
practices and water rights  
Assessment and evaluation of 
registered water rights, their 
constraints, problems and possibilities 
for improvement  
Review of the existing institutional set- Setting up of rules, water code and 
up for water resources management regulations to conserve, manage and 
from a legal point of view administer the national water 	resources 

within the framework of the Master Plan 
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CHART VII. (continued) 

Sub-activity 	 I Output  
Drafting of water legislation, water 	Proposing a draft legal process and 
code, regulations and appropriate 	procedures to be adopted by the public and 
protection measures 	 private sectors 

C. PATFERNS OF WATER RESOURCES PLANNING AND 
UTILIZATION IN THE ESCWA REGION 

In reviewing the available literature pertaining to water resources development 
plans and conservation in the ESCWA region, it can be noted that the patterns of these 
plans vary from one country to another. They rely on many factors related to 
prevailing hydrologic and hydrogeologic set-ups, the overall socio-economic 
conditions, the objectives and goals identified, and the planning horizons. 

Table I shows the various activities considered for water resources planning 
purposes in the region. It can be concluded that surface water impoundment for both 
water storage and/or flood control is the most common practice for water planning in 
addition to the continuous conventional exploitation of surface and groundwater 
resources. Appreciable efforts have been made to develop surface water resources at 
the national level. A number of surface water reservoirs have been built, while plans 
for new projects are being carried out. Iraq, the Syrian Arab Republic, Jordan, Yemen 
and Saudi Arabia have been the active member States in this respect during the past 
two decades. The Iraqi total storage capacity of the existing and future reservoirs 
(when completed) is estimated to be 95,000 MCM/a (4). About 15 reservoirs had been 
constructed in Jordan by 1988; the total capacity of these dams is about 126 MCM (4). 
A number of dam sites with a potential total storage capacity of about 387 MCM were 
identified in different localities in the country; studies on and construction of some of 
these structures are under way. In the Syrian Arab Republic, about 125 dams were 
recently constructed, including the major Euphrates dam of which the storage capacity 
is 14.1 BCM. Currently, construction work is being carried out at 23 sites in the areas 
of the Yarmouk, Orontes, Al-Badiya, Euphrates and Al-Khabour basins. About 199 
small and large dams were constructed during the last decade in Saudi Arabia, with an 
estimated total storage capacity of 750 MCM. These dams are mainly for making use 
of flood waters for irrigation, livestock and/or artificial groundwater recharge (5). 

Because of their limited water resources and the rapidly decreasing quantity and 
quality of the water, many oil-producing countries in the region have turned to the sea 
for their freshwater supply; considerable progress in desalination activities has been 
achieved in recent years. In Bahrain, additional desalination units were designed to 
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produce 50 MCM/a so as to have a total production of 125 MCM/a in 1998 (6). In 
Kuwait, more desalination plants were constructed, raising the total production capacity 
to 365 MCM/a (7). Six new plants were constructed in Saudi Arabia, bringing the 
total installed capacity of the Kingdom to 657 MCM/a(7). In Oman, additional units 
were installed to increase the freshwater production capacity to 41 MCM/a (8). In 
Qatar, the expansion of some existing stations, with a designed capacity of 96 MCM/a, 
was completed in 1986. The total production of desalination water in the United Arab 
Emirates has reached 264 MCM/a (7). 

Treating wastewater effluent, a non-conventional means of augmenting water 
supplies, has become an important developmental activity in the region. Wastewater 
reuse has been practised by some ESCWA member States for a considerable period of 
time; however, its application has been limited, and plans have only recently been 
formulated for large-scale development of this non-conventional supply source. Lack 
of knowledge about the long-term effects of treated sewage effluent used for various 
purposes and the availability of other water resources has prevented the reuse of treated 
wastewater on a wider scale; however, the development of new technologies and the 
rising cost of desalinating water have led to a higher, more substantial rate of 
wastewater reuse in the ESCWA region during the past decade. Jordan, the Gulf 
Cooperation Council States and Egypt have practised wastewater reuse in agriculture 
and public gardening. The treated wastewater production is presently rated at about 
1,290 MCM/a, and it is planned to produce an additional 1,140 MCM/a for Bahrain, 
Egypt and Jordan by the year 2000 (5). 

Considerable attention was given to water-saving measures in water resources 
development plans in the region in recent years. Such measures were related to 
irrigation or agricultural water use and drinking-water supply schemes. In general, 
irrigation and agricultural water-use projects have received a lot of attention in 
ESCWA member States in recent years, particularly in Iraq, Egypt, the Syrian Arab 
Republic, Jordan, Saudi Arabia and Oman; major projects have been executed 
extensively in Jordan and Saudi Arabia, while rehabilitation of the existing irrigation-
drainage networks in Iraq and Egypt is progressing well. In the Syrian Arab Republic, 
several irrigation projects and parallel dam construction activities are also in progress. 
Studies to use treated drainage water are being considered in Iraq and Egypt, where 
the reused drainage water amounted to 12.168 BCM in 1989 (9). The oil-producing 
countries, in particular Oman, Saudi Arabia and Iraq, are proceeding with plans to 
increase agricultural production through the implementation of modem and efficient 
irrigation-drainage projects, to become as self-sufficient in food production as the 
available water resources will allow. 

All ESCWA member countries have undertaken drinking-water supply projects 
aimed at improving the living standards of their populations. Most of the member 
States' national development plans have included a target date for the year 2000 to 
secure a safe and adequate water supply for the total population within the region. In 
recent years, the GCC countries have carried out several drinking-water supply and 
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sanitation projects. In Bahrain, Kuwait, the United Arab Emirates and Qatar, 100% of 
the urban areas are supplied with piped water. The water supply projects vary from one 
country to another according to the water supply source, relying on surface water 
resources in Egypt (the Nile River), in Iraq (Tigris and Euphrates rivers) and equally 
on surface water and groundwater in the Syrian Arab Republic (Euphrates, Orontes and 
Al-Khabour rivers). The rest of the ESCWA member States depend largely on 
groundwater for their water supply. This source is not reliable, as it is a depletable 
source which deteriorates in quality when over-pumped, as a result of the increased 
water demand in large cities such as Amman, Aden, Riyadh and Sana'a. Sources are 
also frequently distant from inhabited areas. There is poor-quality groundwater in the 
United Arab Emirates, Bahrain, Qatar and Kuwait; brackish groundwater is blended 
with desalinated water to provide adequate water supplies to these Gulf States. 

D. NOTES ON WATER SECTOR PLANNING IN SOME 
ESCWA MEMBER COUNTRIES 

What follows is a brief description of water sector planning methodologies and 
patterns in some ESCWA member States: 

(a) Water resources planning and utilization in Egypt 

A Water Master Plan project (UNDPIEGY-73/024) was launched in January 
1977. The project was executed by the International Bank for Reconstruction and 
Development and financed by UNDP, with the Ministry of Irrigation acting as 
cooperating agency. The project was begun in October 1977 and the first phase was 
completed in December 1981; the second phase commenced in January 1982 and was 
completed in 1987. A third phase of the project was still operating during 1995. The 
Water Master Plan contains a detailed and exhaustive statement of the water 
management and development needs of the country including descriptions, reviews, 
analyses, plans and recommendations for water-related projects. It also includes 
investments and implementation schedules, production targets, cost-benefit analysis and 
water resources distribution plans (10). 

The first part of the project involved the preparation and evaluation of 
development plans in which the water supply and demand were matched, while the 
second was concerned with supporting studies and analysis. 

Part 1: planning methodology 

(a) 	Develop the agricultural sector. Three alternative planning methodologies 
were studied: 

(i) 	Evaluate the available water supply, as well as present and new projects. 
Compute the water requirements for other users and deduct these figures 
from the available water resources totals. The remainder was for 
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agricultural development to the year 2000, distributed at five-year 
intervals; 

Determine the water requirements for all users including the agricultural 
sector (with an annual growth rate of 4.9%, including 1 .9% for new lands 
development); 

Determine the staging of new water-supply development projects 
(including the Upper Nile conservation projects) to satisfy water demand; 

Determine water requirements, as in (ii) above but with a 3% rate of 
growth in the agricultural sector, 0.5% of which must be for new lands 
development. 

Supply the growing demand for municipal, industrial and all other users. 

Evaluate and compare plans on the basis of the effective use of available 
water, economic performance in the agricultural sector, capital investment required, 
social and environmental impact and energy requirements. 

Part 2: supporting studies 

These studies are related to the following: cost analysis of the water supply and 
land development projects, and cash-flow expenditure during the planning period; 
water requirements to support agricultural development and economic evaluation for 
these projects; water demand and cost analysis for municipal and industrial uses, as 
well as wastewater quality investigations and treatment for possible reuse in 
agriculture; determination of the operation, maintenance and replacement costs for Nile 
River regulation, irrigation and drainage systems; and finally, the establishment of a 
database and development of an agro-economic model. 

The Water Master Plan concluded that if the Upper Nile conservation project 
were completed, about 11.5 BCM of additional water would be available after 20 years 
(first alternative). This amount would be enough for developing an additional 2.7 
million feddan, and there would be a remaining 1.8 BCM of water available for land 
development after the year 2000. As per the second alternative, and if new lands 
irrigated by the Nile waters were developed at the rate of 180,000 feddan/year, the 
developed water supply would be fully committed after 1997, and no further 
development would be possible unless additional water supplies were mobilized. If 
land development continued at the rate of 50,000 feddan/year, the increased water 
supply would exceed demand during the planning period. In this case, only the Jonjuli 
Project (part of the Upper Nile conservation project) would be required up to 
1997 (11). 
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The Water Master Plan project guarantees that there will be significant amounts 
of water used for agriculture independent of the supply-demand balance for the Nile. 
These will be drawn from the ground-water resources of the New Valley in the Oasis 
areas, the shore lands along Lake Nasser, and treated waste-water in the Greater Cairo 
area. 

The drought conditions prevailing in the eastern coastal regions of Africa, the 
halted Upper Nile water conservation projects and government plans to increase the 
cultivated areas in Egypt at a rate of 150,000 feddan annually have all led the Egyptian 
Government to reconsider its water use policy. Much progress has been made in 
Egypt's use of its national water resources. Conjunctive use of surface water, 
groundwater, drainage and treated wastewaters has been successfully practised to cope 
with both the drought conditions, which lasted from 1979/80 to 1987/88, and the 
halting of water-conservation projects. These projects are expected to feed the High 
Dam Lake at a rate of 7,500 MCM/year in their first phase, rising to 8,900 MCM/year 
upon completion. The groundwater resources available in the eastern and western 
deserts and in Sinai provide about 2,700 MCM/year, expected to increase to 4,900 
MCM/year after development. Treated sewage and industrial wastewater currently 
contribute a total volume of about 1,400 MCM/year, and are expected to reach 2,200 
MCM/year by the year 2000. Drainage-water reuse was practised at a rate of about 
3,470 MCM/year during the five-year period 1987-1992, and may reach 6,500 
MCM/year by the year 2000. A digital model was created in 1983 which simulates the 
changes that may occur in the quantity and quality of drainage waters over time after 
improving the drainage networks, increasing the volume of reusable drainage water for 
irrigation, changing the crop pattern and cultivating short-span crops. This model was 
intended to be used as a tool to make appropriate decisions for future development and 
to optimize reuse of the available drainage water and record its limitations, taking all 
necessary precautions so as not to affect soil and crop productivity negatively (12). 

The strategy to utilize the potential groundwater resources in the Nile Delta and 
Valley, eastern and western deserts and in Sinai is mainly designed to achieve the 
following goals: 

Provide domestic water supplies; 

Irrigate newly reclaimed lands at the peripheries of the Nile Delta and 
Valley; 

Improve the efficiency of agricultural production and the existing irrigation 
networks. 

The concerned government authorities have adopted a short-term water-use 
policy to overcome the Nile water shortage by: 
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Using the largest possible quantity of groundwater, agricultural drainage 
water and sewage drainage for irrigation; 

Rationalizing water in all fields and reducing withdrawal discharges from 
the High Dam Lake; 

Taking into account the possibility of consecutive years of continuous 
shortage in the Nile supply, the withdrawal would be as follows: 

When the lake storage is 60-65 BCM by the end of July, withdrawal is to 
be reduced by 10%; 

When the lake storage is 50 BCM or less by the end of July, withdrawal 
is to be reduced by 20%. 

(b) Water resources planning and utilization in Jordan (13) 

The organizational framework of Jordan's water sector has evolved over the 
years to suit various requirements at different times. Until July 1987, the water sector 
was managed by two independent authorities: the Jordan Valley Authority (JVA) and 
the Water Authority of Jordan (WAJ). WA was responsible for irrigation and 
development in the Jordan Valley, while WAJ was concerned with water supply, 
sewerage and water resources. In 1987, the two authorities were brought together 
under one Ministry of Water and Irrigation (MWI). The final organizational structure 
of the new Ministry is still under discussion. 

Surface water impounding activities are progressing well in Jordan. Most of them 
originate from the Yarmouk and Zarqa rivers, which provide most of the irrigation 
water for the Jordan Valley. Present surface water consumption is currently estimated 
at 336 MCM. Plans to make use of desert flash flood water through small dams (for 
aquifer recharge, local irrigation and livestock) have been implemented. There are 
plans to make use of storm run-off water, and of flood water available during the rainy 
season. Water impounded by dams or retention reservoirs is used for domestic, 
industrial, irrigation and livestock purposes. Modern irrigation systems started in the 
Jordan Valley with the completion of the King Abdullah Canal in 1965 and the 
construction of the King Talal Dam on the Zarqa River in 1979. Great progress has 
been achieved in many parts of the country in modernizing irrigation techniques 
designed to conserve the country's water resources. In general, non-conventional and 
limited conventional irrigation methods are presently applied in Jordan because the 
Government has been well aware of the need for rational water resources planning. 
Many developments have taken place since the implementation of the National Water 
Master Plan in 1977: the King Talal Dam has been used only for irrigation, but 
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additional limited groundwater resources have been identified. Sewage network and 
treatment activities are under way. 

The Government in Jordan has also begun to develop rain-water harvesting 
practices. Desert pools have been rehabilitated or constructed, and flood-water 
spreading has been undertaken. Artificial groundwater recharge using flood water has 
been practised in different localities (Shueib and Khalidiya dams) and, as of 1989, was 
under way in others (the Sewage, A1-Abyed, Jurdaneh, and the Azraq and Jafer basins). 

Groundwater sources in Jordan have been extensively exploited for municipal 
and industrial purposes. Most of these sources are currently being extracted to or 
beyond the limits of reliable aquifer yields. They are presently used for municipal, 
industrial and agricultural purposes. It is estimated that about 354 MCM of this water 
is currently being utilized in different localities in Jordan, resulting in the overpumping 
or depletion of Jordan's main aquifers at a rate of about 94 MCM (1989 estimates). 
Fossil groundwater constitutes most of the stored quantity of available groundwater in 
Jordan. The main potential for increased production lies within the fossil aquifer or the 
Disi Basin in southern Jordan. Appreciable amounts of brackish groundwater are 
available in Jordan, particularly in the Rift Valley and desert areas. 

The construction of sewerage facilities has rapidly increased since 1984. With 
the creation of WAJ, 11 treatment plants were constructed and another 22 plants were 
planned and designed for urban and rural areas. Approximately 84% should be served 
by 2015. It is estimated that the production of treated effluent which can be used for 
irrigation will reach 116 MCM in the year 2005 and 165 MCM in 2015. Experimental 
irrigation using treated effluent has been applied in some areas of Jordan. 

In the last 10 years, water pollution has become a very sensitive subject among 
local and international agencies because of the environmental problems it produces. 
In Jordan, several governmental organizations are responsible for the control of water 
pollution for surface water bodies such as the King Talal Dam (KTD), and for 
groundwater basins which may have direct contact with sewage effluent or 
contaminated water. Chemical and bacterial analyses are mainly carried out by the 
MWI, Ministry of Health, Royal Scientific Society (RSS), Jordan University and 
Municipality of Greater Amman laboratories. The MWT is responsible for the routine 
monitoring of water resources quality, while the other agencies are responsible for 
ensuring that the water quality meets WHO drinking-water standards. 

Other measures, such as improving skilled manpower capabilities, applying 
computers in water science, establishing a comprehensive water sector database, and 
establishing a regional centre for isotope analysis and interpretation in cooperation with 
the International Atomic Energy Agency, have been undertaken by the water-related 
institutions in Jordan. 
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(c) Experience of the Gulf Cooperation Council member States in water sector 
planning 

Because of their limited water resources and an overdraft situation which has 
resulted in reduced quantity and quality, many of the GCC countries have turned to the 
sea for their freshwater supply. Considerable progress in desalination activities has 
been made in recent years, as noted above. The Gulf States are generally considered 
world leaders in non-conventional water-resources production, particularly in 
desalinating sea water and/or brackish groundwater. During the last decade, substantial 
progress has been made in desalination techniques, improving skilled manpower 
capabilities to maintain and operate desalination plants, and the progressive cost 
reduction of desalination per unit volume of water produced. In addition, treated 
sewage effluent reuse is widely practised in the Gulf States for restricted irrigation or 
public gardening. Non-conventional water resources production in the GCC States has 
contributed substantially to meeting the countries' domestic, industrial and, to a certain 
extent, irrigation water requirements. The national water resources (primarily 
groundwater) in some member States are no longer potable and can hardly even be 
used to irrigate certain saline-water-tolerant crops, owing to excessive water-quality 
deterioration and sea water intrusion into the coastal aquifers. Treated sewage effluent, 
which normally provides about 60 to 70% of domestic water supply, has helped to 
maintain agricultural production in some areas in the Gulf States. 

In general, the concerned government authorities in the GCC member States 
have considered the following measures to facilitate water planning: 

Construction of additional desalination plants to meet the growing water 
demands; 

Promotion of surface water impoundings to make use of the flash floods 
for storage and/or artificial groundwater recharge; 

Enhancement of wastewater reuse for restricted agriculture; 

Implementation of groundwater exploration, management and conservation 
projects; 

Modernization of irrigation schemes together with efficiently operating, 
maintaining and development of the conventional or traditional (falaj and springs) 
irrigation schemes. 

In Bahrain, as elsewhere in the Gulf area, a long-term water resources 
development policy is to produce distilled sea water and blend it with brackish 
groundwater to bring the quality up to acceptable drinking-water standards. Water 
production in desalination plants was increased from 5 MCM in 1975 to 63 MCM in 



1991 and is planned to reach 125 MCM/year by 1998 (14). A team of national experts 
in Bahrain recently prepared a work plan for water sector planning and development. 
The proposed plan will be implemented in three main phases (15). 

(a) 	The first phase (Diagnostic Studies), which will include review and 
collection of the previous studies and data, water resources assessment and potential 
water use, for various sectors, water demands and projections, and the establishment 
of water resources database; 

(b) The second phase (Preventive and Control Measures), which will include 
studies related to water problems and formulation of alternative strategies to overcome 
the problems prevailing by the use of simulation modelling techniques; 

(c) The third phase (Operational Phase), which will include the 
implementation of the master plan formulated, follow up of the execution of the 
proposed projects in coordination with the concerned authorities, and evaluation of the 
impact of these projects as well as continuous review and updating of the water master 
plan. 

In Oman, a National Water Resources Master Plan was completed by the end of 
1991. The Master Plan was aimed at the following: 

Strengthening of the institutional and legal framework to provide effective 
management of water resources in the interests of the Sultanate's long-term 
development; 

Giving priority to domestic and industrial water supplies, by using 
desalinated sea water, despite the high cost, to augment agricultural water uses; 

Managing of domestic water demand and improving the efficiency of 
agricultural water uses; 

Restricting agricultural development in line with the available resources 
and reducing agriculture in areas where resources are presently overexploited; 

Controlling development of non-renewable water resources; 

(0 Augmenting the resources wherever possible. 

(d) Water Resources Plans and Policies in Yemen 

As in other parts of the region, the demand for water is rapidly increasing in 
Yemen. The water demands are mainly met from the groundwater. The available 
information indicates that the groundwater resources have been severely overexploited, 
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and in most cases, exploitation has exceeded the economic pumping depth. The 
Government of Yemen has made the development of this sector a priority in an effort 
to overcome the water scarcity problem. The planned growth rate for the sector was 
25% during the Second Five-Year Plan (1982-1986), the highest among all the sectors. 
For the Third Five-Year Plan (1987-1991), the planned growth rate is 15%, which is 
the second highest after the oil sector (80%). The changing patterns of water demand, 
the tight budgetary constraints, and the lack of intersectoral coordination suggests the 
need for more comprehensive and rational sectoral planning (16). 

There is a growing awareness that sustainable economic development requires 
efficient and effective management of the country's scarce water resources. At the 
same time, it is widely recognized that it is a difficult task to accomplish, given that 
water is traditionally considered as a free commodity, and given the decentralized 
political structures in many of the more seriously affected parts of Yemen. Despite 
these difficulties, the Government has already initiated appropriate action. In this 
context, the Government has under consideration a new water law designed to provide 
for the licensing of new wells and for a more orderly set of arrangements for water 
abstractions. Moreover, to improve the institutional framework for water resources 
development and management, a proposal to integrate various water-related functions 
under one government institution is receiving serious consideration. 

In order to improve water sector planning in Yemen, the Government established 
a High Council for Water (HWC). The activities of the HWC are being supported by 
a Technical Secretariat (TS). The TS has been entrusted with the task of preparing a 
National Water Master Plan (NWMP) for the country. The TS has collected and 
processed a great deal of statistical data and information required for water sector 
planning. A number of sector review and research studies were initiated to assess the 
prevailing water sector status in the country. The TS is supposed to collaborate and 
coordinate with different national and regional institutions to review the nature and 
extent of their databases in an effort to develop a national database needed for the 
preparation of the NWMP. However, in recent years, a number of water projects in 
Yemen have collected and processed a great deal of water resources statistics. These 
databases were incorporated into the national database to support water sector planning 
at the national level. 

In order to develop an efficient TS for the Council, a major project, funded by 
UNDP, was implemented (1988-1992). The project, "Assistance to the Technical 
Secretariat of the High Council for Water" (YEM/88/001), has generated a substantial 
amount of information in support of planning for water resources management. The 
final report of the project consists of 10 volumes that address the following issues: 

(a) Water resources management in the context of national economic 
development; 
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Legal and institutional issues related to water resources use and 
development; 

Assessment of available water resources and their present and future uses; 

Analysis of present and future regional water requirements; 

Status and future development of water supply and sanitation; 

Assessment of present and future environmental issues; 

Two case-studies for the development of water resources management 
plans (Sana'a basin and Tihama). 

In view of the different studies carried out under the auspices of the project, it 
was concluded that there is a water crisis in Yemen. There is insufficient water to 
meet the increasing water demands. Water levels have already declined below the 
economic pumping levels in many basins in the country. In addition, the fragmented 
nature of the water sector's responsibility—together with the absence of an appropriate 
legislative and policy framework—has worsened the prevailing water crisis in Yemen. 
It is imperative for the concerned government authorities to undertake the necessary 
efforts and measures to achieve an equilibrium between net water withdrawals and 
renewable water availability and to identify how much the rate of groundwater mining 
is to be permitted. The country also needs to gear its efforts towards the formulation 
and implementation of a water management plan for water resources conservation and 
optimal water allocations among various users. The implementation of the formulated 
plan has to be entrusted to an efficient institution responsible on a country-wide scale 
and supported by the enforcement of appropriate legislation to control water supply-
demand variables. For this purpose, the Government is in the process of creating a 
national water resources authority (NWRA) that will be solely responsible for planning 
and management of water resources in the country, including national policy-making 
on water resources. The main target of the strategy is to curb excessive demands 
through technical and demand management measures, and to search for new sources 
of water. The Government is presently pursuing an economic and administrative 
reform agenda. The organization of an institutional framework for rational decision-
making, by creating NWRA, is an important element of this agenda. A five-year 
economic development plan is currently under preparation. In general, the government 
policy seems to be consistent with the objectives and activities of Agenda 21. 
However, at this stage, it is difficult to predict to what extent and how vigorously these 
objectives and activities will be pursued (17). 
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IV. ESTABLISHMENT OF A REGIONAL WATER TRAINING 
NETWORK IN THE ESCWA REGION* 

by 

Ghanem Hassawy 

A. BACKGROUND 

Water shortages in the ESCWA region are becoming a development constraint 
seriously impending the economic growth of many countries. Most of these countries 
are located in and zones where annual rainfall is scanty and evapo-transpiration is 
enormous, resulting in very scarce water resources. These resources have been 
assessed recently (1992) by ALECSO for all Arab countries. ALECSO reached the 
conclusion that "there are serious current shortages in many of these countries and 
[there will be] potential crises in almost all countries of the region by the year 2030." 
To many experts, it is not only the issue of scarcity but also the mismanagement of 
these resources, as a result of considerable deficiencies in qualified human resources, 
that should equally cause great concern. 

ESCWA is considered a pioneer in addressing this critical situation within its 
members and was wise in selecting the key issue of "manpower development" as the 
theme of its current efforts. Human resources development has been recognized as 
essential for achieving sustainable water resources management. Alerts (1991) has 
concluded that "training and education have proven to be day capacity-building 
instruments which support long-term development strategies." 

The need for manpower development (MDP) was recognized by the international 
community much earlier: the Mar del Plata Action Plan in 1977, the New Delhi 
Statement in 1990, the DeIft declaration in 1991, the Dublin Statement of the 
International Conference on Water and Environment in 1992, and in Agenda 21 from 
the United Nations Conference on Environment and Development (UNCED), held in 
Rio de Janeiro, Brazil in 1992. 

ESCWA interest in manpower development in the water sector was thus a direct 
response to recommendations from United Nations and regional meetings as well as 
surveys and studies conducted by ESCWA itself. 

In the period 1985 to 1989, ESCWA was actively involved in organizing 
regional surveys, publishing technical reports and holding expert group meetings. 

* In the preparation of this document, Mr. Ghanem Hassawy served as a consultant to the Economic 
and Social Commission for Western Asia (ESCWA). 



Based on these surveys and studies, a report was published in 1987 on "Development 
of Manpower, Education and Training in the Water Sector in Western Asia" 
(E/ESCWA(NR185/14). That report ascertained, without any doubt, the need for 
regional cooperation and manpower development programmes in the water sector of 
the ESCWA member countries. The findings of this report, together with many 
country reports, were discussed in an expert group meeting held during the period 5 
to 8 June 1989 in Amman. The main recommendations of the meeting are the 
following: 

(a) 	ESCWA was requested to: 

Continue its manpower surveys in the region; 
Survey available education and training institutes; 
Survey the curricula and syllabi of these institutes; 
Encourage subregional cooperation; 

(b) 	To prepare a project document for the establishment of a regional network 
in two phases, namely: Phase I, which is a preparatory stage covering the four 
recommendations mentioned above; and Phase II, which is an executive phase 
depending on the findings of Phase I; 

(c) 	To secure the financial resources necessary to accomplish these activities 
from potential financing agencies in the region and abroad; 

(d) 	To create preliminary contacts with the countries of the region that have 
already established good training centres, with the aim of sharing these resources with 
countries that are in need of them. Similar contacts should be established with regional 
and international training centres; 

(e) 	To establish a technical advisory committee to assist ESCWA in the 
establishment of the network and in drawing its action plan; 

(f) 	To shoulder the secretariat business of the network during its establishment 
stage. 

These efforts have been mentioned in an ESCWA report that included a study of 
four selected countries of the region during the period 23 December 1992 to 10 
January 1993. The recommendations of this report supported the idea of the 
network and followed in many aspects the recommendations of the 1989 expert group 
meeting. 

In the light of the above findings and conclusions, ESCWA investigated various 
forms of regional cooperation and different modules. It has been concluded that the 
only open option is the networking approach, which is flexible in accommodating 
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financial and political constraints. Hence, a form of organizational structure was 
suggested, and a project document was prepared (E/ESCWAINRI1993/WG.1/WP.5). 

The organizational structure of the network, its immediate and development 
objectives, its input and output and its activities, are specified in the following sections. 

B. ORGANIZATIONAL STRUCTURE OF THE NETWORK 

The Network of the Water Sector (NOWS) is established as an independent, 
autonomous and an inter-institutional regional entity. The organizational structure of 
the Network is made of the following bodies (see figure 1): 

The Network secretariat (headquarters); 
The Network members (general body); 
The Management Board; 
Satellite stations; 
The focal points; 

(0 The Technical Advisory Committee; 
(g) The donor bodies. 

Figure 1. Organizational structure of the Network 
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1. The Network secretariat 

The functions of the Network secretariat include: 

Initiating and preparing the short-, medium- and long-term plans of action 
of the Network; 

Supervising the implementation of the approved plan of action; 

Securing sufficient financial resources from donor bodies to meet the 
implementation requirements of the approved plan of action; 

Drafting fnancial and administrative rules, regulations and procedures to 
be approved by the Management Board; 

Running the day-to-day business of the Network; 

Maintaining close contacts with the focal points, Satellite Stations, the 
Network members, the Management Board, the Advisory Committee and the donor 
bodies; 

Expanding Network membership and donor bodies; 

Establishing an effective database relevant to the needs of the Network and 
its different entities; 

Preparing and submitting database reports and budgets to the Management 
Board. 

The Network secretariat will be located, for the time being, at ESCWA 
headquarters. The office would be run by a minimum number of permanent staff, 
possibly comprising a coordinator, assistant administrator and a secretary. At the 
initial preparatory stage, ESCWA staff members will be expected to shoulder their 
responsibility. At a later stage of the project, the secretariat may be moved to one of 
the volunteering member countries where the budget of the above core staff could be 
reduced significantly. 

The following facilities will be required: 

Furnished office space (two rooms) and supplies; 

Modem communication and data processing facilities (personal computer 
with a laser printer, xeroxing rn/c, telephones, fax and telex). 



The Network coordinator should be a highly qualified and efficient person. The 
functions of the coordinator include the following: 

Assuming full responsibility as the chief executive of the Network; 
Ensuring that the Network is performing its functions smoothly and 

efficiently; 
Mobilizing financial resources for the Network plan of action. 

2. The Network members 

The Network membership will be open to educational institutions (such as 
universities and technical colleges), research institutes, the employer sector (public or 
private), professional associations, and regional organizations (such as ACSAD and 
ROSTAS). This means that several bodies from the same country could be members 
of the Network. The Network members meet in a general assembly once every two 
years following a biennial congress centring around a selected topic related to the 
functions of the Network. The assembly and the congress venue should be rotated 
among the ESCWA member countries. 

The main functions of the general assembly are: 

Approving any changes in the by-laws; 

Approving the initiation of new satellite stations; 

Approving the general policy and themes of any new plans for the 
Network; 

Approving the general report of the Management Board; 

Electing the president and vice-president of the Network; 

(0 	Approving the selection of the focal points; 

(g) Approving any changes in the composition or venue of the secretariat. 

The cost of the biannual meeting is expected to be met by the member institutes. 

3. The Management Board 

The Management Board is made up of all the focal points and the coordinator 
of the Network, who will act as its convener. The president of the general assembly 
of the Network is also the chairman of the Board. 

The functions of the Board include the following: 
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Reviewing, amending and approving the annual budget and reports of the 
Network; 

Reviewing and approving the Network's financial and administrative rules 
and regulations; 

Reviewing and commenting on changes in the by-laws or creation of a 
new satellite station and submit its views to the general assembly of the Network; 

Approving admission of new members to the Network; 

Assisting the secretariat in performing its duties more effectively. 

The Board should meet once each year. However, it may delegate some of its 
powers to a smaller executive committee made up of the president, the vice-president 
and the coordinator. In urgent situations, the Board's views may be obtained through 
fast mail or by fax. The cost of Board meetings could be covered from members' fees. 

4. The satellite stations 

These are offshoots of the central secretariat, linking similar activities in 
neighbouring countries and forming subregional networks. The focal persons from 
these countries form the executive committee for the specific satellite station. 

5. The focal points 

These are contact points representing each of the member countries of ESCWA, 
preferably elected from educational institutions or research centres. On obtaining the 
blessing of the general assembly of NOWS, a senior will be delegated by his institute 
as the contact person. Each contact person will become a member of the Management 
Board. The functions of the contact person (point) include: 

Ensuring the full participation of his country in the Network's plans of 
action; 

Acting as a liaison officer for the Network secretariat in his country; 

Keeping good contacts with the Network members in the country; 

Serving as an active member in the activities of the satellite station 
involving his country; 

Serving as a member of the Management Board. 
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6. The Technical Advisory Committee 

This Committee is made up of a number of outstanding experts from the 
ESCWA member countries selected according to their merits. They will serve as an 
ad hoc committee assisting the secretariat in the following tasks: 

Preparing the Network's plan of action and formulating the work 
programmes; 

Advising the secretariat and the Management Board on technical issues 
related to the implementation of the plan of action; 

Reporting on the progress of the various work programmes and suggesting 
possible modifications that may improve the effectiveness of these programmes. 

7. The donor bodies 

These are the financial backers of the Network; they could be development 
banks, international bodies, or individual countries. The secretariat should keep close 
contacts with these bodies and invite them to various activities, such as the biennial 
meeting. 

C. DEVELOPMENT OBJECTIVES 

Since water sustains life, effective management of water resources demands a 
holistic approach, linking social and economic development with protection of the 
natural ecosystem. This form of management requires well-trained and qualified 
personnel. Hence the main development objectives will include: 

Producing high quality, well-trained and qualified personnel in all levels 
of the water sector capable of managing the scarce water resources in the region in an 
effective holistic manner; 

Promoting regional cooperation in all issues pertaining to water resources, 
especially shared resources and problems; 

Enhancing national appreciation of water as an economic good that has 
economic value in all of its competing uses. 

D. IMMEDIATE OBJECTIVES 

The immediate objectives of the Network are the following: 

(a) To provide up-to-date information and statistics on the manpower situation 
in the water sector, including education and training institutes and their capabilities; 
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To assess the regional and national needs for capacity-building, education 
and training requirements in the water sector and prepare and execute a plan of action 
to meet these requirements; 

To create effective linkages between R and D centres, education and 
training institutes, the corresponding industries, and professional societies; 

To create effective linkages between the entities in (c) above and their 
counterparts in the different ESCWA member countries as well as the corresponding 
advanced bodies abroad; 

To establish effective regional and national capabilities for building 
databases and documentation centres and for exchanging technical information; 

To initiate publications and public awareness programmes. 

E. OUTPUTS 

The output of the project will include the following: 

Phase I 

A series of reports on the establishment of the Network; 

A series of reports on the national and regional surveys, the assessment of 
needs and the short-term, medium-term and long-term action plans; 

A series of reports on the training courses, the symposium contents and 
the proceedings of the biennial congress. 

Phase II 

Packages of modem curricula for teaching and training purposes; 

Progress reports on the staff development programme; 

Progress reports on the scheme for improving teaching and training 
facilities; 

Published booklets on the annual programmes for short courses and 
workshops and the contents of these programmes; 

Proceedings of symposia and congresses; 

Progress reports on linkages; 
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U) 	A series of reports on assessment, evaluation, classification and 
accreditation schemes; 

(k) Regular technical, popular and informative publications. 

F. NETWORK ACTIVITIES 

In the first two years (Phase I), the Network activities will concentrate on the 
following: 

	

(a) 	Establishing the Network's organizational structure, namely: 

Selection of the technical Advisory Committee; 

Selection of focal points and focal persons; 

Creation of active contacts with donor bodies to secure necessary funds 
for Phase I and potential funds for Phase II; 

Accepting applications for membership in the Network; 

Selection of the first Management Board and the convening of its annual 
meeting. 

	

(b) 	Surveying and assessing needs, leading ultimately to the preparation of the 
short-term (Phase II), medium-term and long-term action plan; 

	

(c) 	Executing technical activities, if funds become available. These activities 
could include: 

A regional symposium focusing on the objectives of the Network, held at 
the end of the first year just before or after the first Management Board 
meeting; 

The first biennial congress and the first general assembly of the members 
to be held by the end of the second year, just before the commencement 
of Phase II; 

Three training courses attended by at least one participant from each of 
the member countries. The courses could be selected from available 
courses in the region, i.e. the Training Centre of the MPWWR in Egypt, 
ACSAD programmes or the Training Centre of the Water Authority in 
Jordan. 
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To minimize the cost of Phase I, it is expected that, except for a secretary, the 
secretarial work of the Network will be shouldered by regular ESCWA staff members. 
In technical and specialized issues they will be assisted by the Technical Advisory 
Committee. 

If financial backing becomes promising, a full-time coordinator should be 
appointed by the end of Phase I. Tentative activities for Phase II may include: 

Short training courses and workshops; 

A staff development programme; 

Preparation and distribution of model curricula and training material; 

Improving teaching and training facilities: 

Promoting R and D, linkage schemes (between the institutes in the 
ESCWA region themselves and renowned institutes abroad); 

(1) 	Integrating education and training institutes with the needs of the 
corresponding industries; 

Introducing evaluation and assessment systems for the educational 
institutions and training institutes (such as accreditation and external examiners 
systems); 

Promoting the ability of professional societies to protect professional and 
technical practices by introducing the system of chartership and licensing for all levels 
of practitioners; 

Building and updating databases and information dissemination systems. 

G. INPUT 

1. Governmental parlicipation 

The contribution of each Government would include, but would not necessarily 
be limited to, the following: 

(a) 	Designating a competent institute to act as a focal point for the project in 
the respective country. The focal point should designate a senior and highly qualified 
person to serve as the focal person for the country. The focal person would be fully 
aware of the project's development and ensure the fulfilment of all governmental 
obligations to the project in due time; 
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Facilitating and encouraging the membership of interested institutes in the 
Network; 

Facilitating the payment of the membership fees by the members within 
the country (the annual membership fee for each member institute is US$ 2,000. This 
could be increased or decreased according to future developments). 

2. ESCWA participation 

The contribution of ESCWA would include, but would not be limited to, the 
following: 

Shouldering the secretariat work of the Network during the preparatory 
stage (Phase I); 

Supervising the progress of the Network during Phase II. 

3. Funding agencies' contributions 

Funding agencies are expected to provide funds as follows: 

Preparatory stage (Phase I) 	US$ 358,000 
Initial stage (Phase II) 	 US$ 1,195,000 
Total 	 US$ 1,553,000 

Details of the various components were spelled out and clearly identified in the 
project budget. 

H. PREPARATION OF THE WORK PLAN 

A detailed work plan for the implementation of the project will be prepared by 
the secretariat, assisted by the technical advisory committee in consultation with the 
focal persons. This will be done at the start of the project and will be updated 
periodically. 

I. PREPARATION OF A FRAMEWORK FOR THE EFFECTIVE PARTICIPATION 
OF NATiONAL AND INTERNATIONAL STAFF IN THE PROJECT 

The activities necessary to produce the indicated output and to achieve the 
immediate objectives of the project will be carried out jointly by the national and 
international staff to whom the task is assigned. The respective roles of national and 
international staff will be determined by their superiors at the beginning of the project 
through mutual discussions and agreement and will be set out in a framework for the 
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effective participation of national and international staff in the project. This framework 
will be reviewed, if necessary. The respective roles of national and international staff 
shall be in accordance with the established concept and specific purpose of technical 
cooperation. 

J. DEVELOPMENT SUPPORT COMMUNICATION 

ESCWA and other participating agencies and organizations will distribute reports 
and data and exchange information collected on the subject of the project. 

K. INSTITUTIONAL FRAMEWORK 

As the executing agency, ESCWA will be the primary institution concerned with 
the implementation of project activities. The project coordinator and any project 
personnel or consultant recruited to implement the project will be based at ESCWA 
headquarters. 

The project will be executed under the supervision of and in accordance with the 
regular administrative procedures of ESCWA, the executing agency. 

All activities to be carried out within the framework of the project will be 
reviewed by the participating ESCWA member countries, the principle donor countries, 
financial institutions, and a consultants' advisory group. Where appropriate, 
suggestions and advice will be forwarded by them directly to ESCWA, the executing 
agency for the project. 

Participating countries not members of ESCWA are requested to support the 
project either through a direct contribution or through the services of experts who will 
study specific problems, provide equipment and, by special arrangement, obtain access 
to the technical information needed for the implementation of the project. 

L. PROJECT REVIEW, REPORTING AND EVALUATION 

Tripartite monitoring review 

The project will be subject to periodic review by ESCWA, in accordance with 
ESCWA policies and procedures for monitoring projects and programmes. 

Progress and terminal reports 

The project coordinator, in consultation with experts, consultants and focal points 
of the project, will submit periodic reports during the implementation of the project, 
as well as a terminal report. 
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3. Evaluation 

The project will be subject to evaluation in accordance with the policies and 
procedures established for this purpose by the financing agencies. The organization, 
terms of reference and timing of the evaluation will be decided upon after consultation 
between the Network secretariat, the financing agencies and ESCWA, as the executing 
agency. 

M. FURTHER ESCWA EFFORTS 

The idea of establishing the Regional Water Training Network was well received 
and supported by the representatives of most ESCWA member countries (ESCWA 
report, 1992-1993). As a follow-up, ESCWA organized a mission to four 
representative countries (Egypt, Jordan, Saudi Arabia and the Syrian Arab Republic) 
in 1993 to update the previous surveys and to seek support for the Network project. 
The mission was successful in meeting most of its objectives. In 1994, ESCWA 
convened an expert group meeting in Amman which decided to take practical steps to 
establish the Regional Water Training Network. 

Accordingly, an ESCWA consultant was asked to prepare a technical report, with 
the following objectives: 

To select certain institutes in some ESCWA member countries to be the 
first focal points of the Network; 

To make an assessment of the functions and performance of the selected 
institutes; 

To formulate training programmes for 1995 that would be executed in 
cooperation with the selected institutes. 

Having received the consultant's technical report, ESCWA held a meeting in 
September 1995, attended by substantive ESCWA staff and the consultants to discuss 
the contents and the technical aspects of the report. It was agreed to hold an expert 
group meeting (EGM) on the proposed Regional Water Training Network and the 
consultant's technical report. The date of EGM was tentatively set for 15 and 16 
November 1995 in Amman. Invitation letters were sent to each of the training centres 
that had been selected as candidates from the five ESCWA member countries to take 
part in the proposed Network and to be involved in the initial planning phase of the 
Network. 
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V. ASSESSMENT OF WATER QUALITY IN THE ESCWA REGION 
(INTEGRATED MANAGEMENT OF WATER 

QUALITY AND QUANTITY IN THE ESCWA REGION) 

Introduction 

Water is the most important molecule on Earth, the only known planet where 
water exists in liquid form. Due to its versatile characteristics and great chemical 
activity, water functions in nature as a unifying agent of the ecosystem and life-support 
systems and it must be equitably shared among all those living in a particular water 
basin. In other words, water plays a pivotal role in many physical, chemical and 
biological processes regulating our planets, where man's activity is now inseparable in 
its effects from natural events. With all those different roles and functions, water is 
linked to many sectors; among these are health, agriculture, energy, industry, 
transportation and recreation. 

In the last two decades, significant environmental changes have been witnessed. 
The lack of interdisciplinary approaches has impeded the necessary scientific 
understanding. Water-related problems in the ESCWA region have been met mainly 
by an impact-thinking approach. Research on water quality and its impact on 
environment has to a large extent been problem-driven and effect-oriented. The water 
resources researchers have been pushed by reality rather than being pulled by the desire 
to understand the overall water system to solve problems stemming from the 
accumulated results of past misuse which is now threatening the sustainability of water 
resources. At present, a whole range of perturbations are operating in parallel, all 
affecting the same hydrologic process in different ways: rapid population growth 
forcing Governments to intensify the use of land and water; delayed responses to water 
quality deterioration and pollutants already discharged into water bodies or soil; the 
continuing release of exhaust into the atmosphere, resulting in acid rivers; and the 
ongoing discharge of wastewater into the water bodies. To make matters worse, all 
these perturbations exacerbate each other. 

In the ESCWA region, as was stressed by the Preparatory Committee for the 
United Nations Conference on Environment and Development, there is a need for a 
strategy to address water-related problems by considering the integrated water resources 
management approach. However, it is worth mentioning that in its conventional 
meaning, integrated water management involves an integration of all water uses and 
all water-dependent sectors. As land use, besides being water-dependent, is also water-
impacting, water management will have to be integrated with land use. The land/water 
integration should include environmental protection of both uplands and downiands so 
that the fertile lowlands are protected from degradation under silt flows and floods 
emerging from water-driven degradation of the slopes in the upland basin. The natural 
unit for such integration is the watershed. 



A. FACTORS ASSOCIATED WITH THE PROCESS OF 
WATER QUALITY ASSESSMENT 

One of the major topics which should be studied in depth, and of direct relation 
to the integrated water resources management, is the assessment of water quality. The 
assessment of water quality includes the monitoring of water characteristics (physical, 
chemical and biological) to achieve adequate national water quality standards. Closely 
related to water quality monitoring are two other activities: water quality surveying and 
surveillance. 

There are many operations involved in the process of the assessment of water 
quality. These operations include: objectives (such as hydrological factors, water use, 
economic development and policies); preliminary surveys (short- or long-term); 
monitoring design (selection of types of pollutants and station location); field 
monitoring operations; hydrological monitoring; laboratory activities; data quality 
control; data storage and reporting; data interpretation; and water management. 

In the light of the available information on water quality monitoring in the 
region, it could safely be said that there is a direct need for the design and 
implementation of a water quality assessment programme in which the water quality 
monitoring operations are clearly defined. Of course, the type of water source to be 
studied, be it rivers, lakes and reservoirs or groundwater, has great bearing on the 
selection of survey and monitoring options as well as the eventual use or uses intended. 
Water quality monitoring is an important component of water quality assessment which 
refers to the evaluation of the physical, chemical and biological nature of water in 
relation to intended uses. 

B. PURPOSE OF THE PAPER 

The present paper focuses on different aspects related to integrated management 
of water quality and quantity. In the ESCWA region, there are also important facts as 
regards the linkage between water quality, availability, environment and socio-
economic development. These facts include: 

An increasing lack of water of acceptable quality, which is influenced by 
growing water demand resulting from population growth and increasing per capita 
demand; 

The growing problem of deteriorating water quality resulting from water 
pollution, which reduces the usability of water; 

The important environmental linkages between land use and water in terms 
of land use impacts on water and water impacts on land. 
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In this paper it is intended to introduce the understanding of the integrated 
management of freshwater quality- and quantity-related problems existing in the region 
(availability and usability); water quality assessment and its deterioration; and pollution 
problems and their role in environmental degradation. Therefore, the need arises to 
address crucial issues related to the water criteria, standards and guidelines adopted by 
each ESCWA member State. Consequently, a better assessment of the nature of the 
water quality problem will be presented, and accordingly, proper recommendations can 
be made. 

A. WATER AVAILABILITY AND USABILITY 
IN THE ESCWA REGION 

1. Water availability 

Most of the ESCWA region is characterized by a precarious water situation. 
Population growth and economic development have overwhelmed traditional water 
management practices, and water scarcity and mounting pollution are faced to varying 
degrees throughout the region. Issues of efficiency, allocation, and water quality must 
be urgently addressed if the problem is to be effectively managed. It is now known 
that annual per capita average of renewable supplies in the region has fallen by about 
80%, from 3,436 cubic metres per capita (in 1966) to 667 cubic metres (projected in 
2025) (8). These levels are far below the levels of other major regions of the world. 
In several ESCWA member countries, renewable freshwater will barely cover basic 
human needs into the next century. In addition, 35% of renewable supplies are 
provided by rivers flowing from outside the region, and these rivers are vulnerable to 
abstraction by upstream riparian countries. Within the ESCWA region, rivers and 
aquifers crossing national borders invariably involve complex issues of resource 
management. Accordingly, in most of the ESCWA member countries, the cost of 
maintaining water quality and controlling pollution will rise steeply, and expensive 
desalinated brackish/sea water, besides the treated wastewater, will be relied upon to 
augment the water supply. 

To study the current status of water quality in the ESCWA region, water 
quantity related issues such as available water, pattern of utilization and rate of 
population growth should be taken into consideration. Hence, the most relevant 
problems to be addressed are mainly water shortage and water quality. 

From different studies of water availability in the ESCWA region, broad 
categories of per capita availability of water were established and are given below: 
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Percentage 
Water Water of Municipal 

available PersonslMm 3/yr withdrawal available and Industry 
Country 1,000 Mm 3/yr 1990-2000 km 3/yr water (percentage) 
Egypt 55.5 948-1,183 54.0 97 12 
Iraq 100.0 189-262 42.8 43 8 
Jordan 0.9 3,508-5,005 0.8 89 35 
Lebanon 3.8 705-785 0.8 21 15 
Oman 2.0 777-1,129 0.4 22 6 
Saudi Arabia 2.2 6,421-9,236 2.3 106 6 
Syrian Arab 5.5 2,280-3,246 3.3 61 17 
Republic 

Yemen 2.5 4,635-6,540 3.4 129 7 

+ 	Measurements of water scarcity in persons per million cubic metre per year: 
100 - 500 = water management problems. 

+ 	500 - 1,000 = water stress with large investments required. 
+ 	>1,000 = water scarcity with significant adjustment required. 
+ 	TOTAL Renewable Water Resources = 

Internal renewable water resources + inflows from other countries less 
outflow to other countries. 
>1,000 = Absolute water scarcity. 

Reference (I). 

The above data suggest that most of the countries are facing water scarcity 
conditions. A more drastic picture emerges from the study of the so-called "water 
poverty line", which showed that, among the countries of the ESCWA region, only 
Iraq, Lebanon, Oman and the Syrian Arab Republic fall above the line: 

CATEGORIES OF GLOBAL PER CAPITA AVAILABILITY OF WATER 
(1986) 

Per capita availability 
Category (cm/yr) 
Very low 1,000 or less 
Low 1,000 - 5,000 
Medium 5,000 - 10,000 
High 10,000 and above 

Reference (2). 
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2. Water usability 

Recent studies and surveys predict that per capita water availability will 
progressively decline, reaching below the minimum needed by the end of this century. 
This may be attributed to various factors, such as a high rate of population growth, the 
misuse of some important water resources, leading to their depletion and water quality 
degradation, water wastage and reliance on highly consumptive methods in irrigation 
and in some industries. A significant water consumer is the agriculture sector, which 
in many countries of the region consumes more than 80% of the available water. 

The seriousness of this situation is attributed to the fact that most of the 
irrigation methods used in the ESCWA region lead to water losses estimated at 
between 50% and 80%. The following table indicates percentages of water use for 
different purposes: 

PATFERN OF WATER USE ACCORDING TO SOCIO-ECONOMIC 
SECTORS IN THE ESCWA REGION (1992)* 

Percentage sectoral distribution 
Country Domestic Industry Agriculture 
Bahrain 32 3 64 
Egypt 7 5 88 
Iraq 3 5 92 
Jordan 29 6 65 
Kuwait 35 4 61 
Lebanon 11 4 85 
Oman 3 3 94 
Qatar - - - 

Saudi Arabia 45 8 47 
Syrian Arab Republic 7 10 83 
United Arab Emirates 38 a.1  62 
Yemen 5 2 93 

Source: All figures are from reference (2). 

* 	The global figures are 8:25:67 for 1990 (9). 
a! 	Included in the figure for domestic. 

Another problem to be considered is the serious loss owing to the inefficient use 
of domestic and urban water and to the improper maintenance and inefficient operation 
of the storage and distribution systems. However, the changing pattern of development 
in the ESCWA member countries, with greater emphasis being placed on industry, is 
bound to affect the relative allocation of water among the various users. 
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3. Integrated approach to waler resources management 
in ternis of quality and quantity 

The widespread problems of water shortages, inadequate management tools, 
pollution and water and land degradation call into question the appropriateness and 
adequacy of the planning and integrated management tools being used in the ESCWA 
region. The following points, which cut across regional and national boundaries, could 
be mentioned:' 

In most countries the economic and legal tools for conserving the quantity 
and quality of water through the control of water abstraction/demand and the discharge 
of wastes into water bodies are either weak or non-existent; if they are available, the 
capacity to implement them is not available. Economic incentives and disincentives 
are not properly applied to manage demand because it has not been fully accepted that 
water is an economic good, and that the resources consumed in making it accessible 
should be fully paid for by the beneficiaries. This leads to excessive demand for water 
and wastefulness in meeting domestic, municipal, industrial and irrigation needs; 

The need has been recognized, where the water shortage situation is more 
serious, to mobilize additional water from non-conventional sources such as the 
drainage water, treated wastewater and saline water, and treated sea water. However, 
this is not being realized fast enough, owing to the economic, technical, social and 
cultural barriers that have to be overcome; 

Allocation of water under conditions of scarcity between upstream and 
downstream users within national boundaries often leads to irrational use of resources 
and might lead to mismanagement of the source. However, when the water is 
transboundary, the principles for allocating to meet current and future needs must be 
acceptable to all the riparian countries. The situation with regard to the sharing of the 
Nile, Jordan, Tigris and Euphrates waters among the riparian countries provide clear 
examples; 

The institutional set-ups for planning and managing water resources are 
many and varied. They also have different levels of adequacy and effectiveness. 
Common shortcomings include: 

The absence in many countries of an overall authority to give central 
direction to the utilization and conservation of water resources; 

Duplication and overlapping of functions, leading to inefficient use of 
scarce resources; 

Based on previous ESCWA studies, reports and missions to different ESCWA member countries. 
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Ineffective linkages between water agencies and their sector ministries, 
and ineffective linkages between sector ministries and the agencies dealing 
with overall national development planning and finance; 

Lack of mechanisms for integrating land and water resources planning and 
management in spite of the fact that it is recognized as desirable; 

Absence of clearly designated and mandated agencies to deal with 
transboundary water issues in countries where river or groundwater basins 
are shared with other countries; 

The importance of water to the sustainability of the region and to socio- 
economic development is not reflected in the institutions. The decision-
making processes at various levels of Government have not been able to 
incorporate water as a key factor in decision-making (3); 

	

(e) 	A particular problem is how to address water resources assessment. In 
spite of the recommendation in the Mar del Plata Action Plan to increase the basic data 
networks so as to provide adequate background data for water resources planning and 
management, the development has in fact taken the opposite direction, and stations 
have been closed down in response to economic difficulties. There is therefore a need 
to develop approximation methods based on various types of proxy data. 

B. WATER QUALITY MANAGEMENT 

1. The nature of the water quality problem 

As indicated in section A, water quality and quantity management is inseparable. 
Water resources cannot be fully described without knowledge of the quality 
characteristics. The quality of water resources is assessed from their physical, chemical 
and biological constituents. The latter may originate naturally from the environment 
(e.g. soils and geological formation), or from wastes discharged as a result of 
agricultural, human settlements and industrial activities. They are introduced either 
from point sources (mostly industrial), which are manageable, or from non-point 
sources (mainly agricultural), in which case management is more difficult. 

The concentration of the constituents simply expresses the state of the water in 
physical, chemical and biological terms. Quality can only be discussed meaningfully 
when it is related to a use. In such cases, guidelines on the concentrations of various 
constituents that should not be exceeded so as not to impair the water for a particular 
use must be known. The human activities that have an impact on water quality in the 
ESCWA region are discussed in subsequent paragraphs. 
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Population increase, with its concomitant urbanization, has resulted in a dramatic 
rise in urban dwellers in most countries of the region. This, in most instances, has not 
been accompanied by the necessary increase in domestic and urban wastewater 
treatment facilities. In fact, the old practice of discharging wastewater into surface 
waters has continued in a number of major cities of the region. This must be contrasted 
with the growing demand for safe drinking-water and sanitation services, resulting in 
increased amounts of wastewater that must be treated. Thus, the limited finances 
available for the services needed are usually directed towards safe drinking-water 
supplies, and the result is the overloading of the sewer system and the inability of the 
wastewater treatment plants to cope with increased loads. The data given in the table 
below show clearly the high level of safe drinking-water and sanitation services 
provided in some countries of the region, whether in urban or rural areas. However, 
information on wastewater treatment plants and their capacities have been given in 
previous ESCWA studies and papers. In Egypt, for example, the water and sewage 
systems are seriously overstressed, and some surveys have shown the sewers in many 
parts of the major cities to be extremely overloaded and impossible to maintain 
efficiently. Street flooding by sewage from broken and clogged lines is common. 

POPULATION (PERCENTAGE) WITH ACCESS TO SAFE DRJNKING-WATER 
AND SANITATION IN SELECTED COUNTRIES OF THE 

ESCWA REGION (1988) 

Country 
Egypt 96 82 100 34 
Iraq 100 72 92 55 
Jordan 100 98 100 100 
Oman 87 42 100 34 
Saudi Arabia 100 74 100 30 
Syrian Arab 
Republic 91 68 72 55 

Yemeny 100 48 66 - 

Source: Reference (2). 

a! Figures are for the former Yemen Arab Republic. 

Not only have the rise of industry and the rapid industrialization that have taken 
place in the region in the last three decades increased the demand for freshwater, but 
the poor control exercised over industrial water discharge and the type of technologies 
used have resulted in serious surface water pollution owing to discharge of industrial 
wastewater and toxic substances. Even the well-established petroleum industry has not 
been immune from such practices. 
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Another aspect of the deteriorating water quality is that of water-related health 
problems. These can be either biological, due to pathogen-contaminated waters, or 
chemical, due to toxic materials. Both urban and rural areas in the region are subject 
to serious health risks from wastewater. The high level of biological contamination 
of surface water seems to be common in most countries, and it is a matter of great 
concern because it reflects on the quality of life in the region. 

2. Sources of water quality deterioration 

Water quality is deteriorating all over the region in various ways, reducing the 
usability of water. Information and data obtained in the last two years have indicated 
that water quality deterioration in the ESCWA region is attributed to the following: 

Pathogenic agents from faecal discharge, probable to become more severe 
as population increases more rapidly than wastewater collection and effective treatment 
are implemented; 

Organic pollution from the same sources, consuming the oxygen in the 
receiving water bodies, with consequential effects on biological life; 

Salinization, primarily by poorly managed irrigation systems in the region, 
one of the primary water quality problems in overexploited coastal aquifers; and as a 
result groundwater mining activities; 

Nitrate pollution of aquifers from surplus fertilizers and from human 
activities in particular shallow aquifers; 

Eutrophication caused by increasing levels of nutrients, normally 
phosphate but sometimes nitrate; 

(1) 	Heavy metals, of which only a small fraction has yet leached into water 
bodies, but the amount may increase owing to rain acidification; 

Pesticides, in the use of which there has been an exponential rise during 
the last two decades, but the contamination resulting from their use remains poorly 
documented owing to analytical difficulties; 

Industrial organic substances such as solvents, chlorinated hydrocarbons 
and polycyclic aromatic hydrocarbons from air exhausts, dump-site leakage, and 
wastewater; 

Acidif,'ing substances released in air exhausts as inorganic acids and 
causing acidification of aquifers, rivers and lakes in poorly buffered areas, such as 



those with sandstone and crystalline rocks, and associated with increases in dissolved 
aluminium and some other metals; 

(j) 	River sediment loads which have increased considerably through erosion 
accelerated by man, causing enormous turbidity problems locally, and in general 
disrupting the natural biological processes in rivers and coastal areas. 

Human activities in the region have also taken their toll on the natural 
hydrologic regimes, with various direct effects on water bodies: salinization of rivers, 
lakes and soils; salt intrusion into coastal aquifers; and reduced dilution and self-
purification capacity of rivers (2)(3)(4). 

3. Water quality/pollution related issues 

In the light of the developments of the last three decades, the laws and 
regulations which were effective half a century ago have become completely 
ineffective. The authorities responsible for water control have continued to operate 
along traditional lines with marginal changes brought about on an ad hoc basis. These 
authorities concerned themselves mainly with the supply of adequately treated water 
with a minimum level of safety, mainly with respect to the absence of pathogenic 
contaminants. Their role vis-à-vis the misuse of water sources was limited to the 
discharge of raw domestic wastes. Hardly any control was exercised concerning the 
discharge of industrial effluents or of inadequately treated wastewater. The question 
of the deterioration of the main water resources, surface waters or groundwaters, owing 
to agricultural drainage or the contamination arising from toxic agrochemicals, was 
seldom considered (8). 

The situation is further complicated by the fact that in many countries of the 
region responsibilities for water resources are divided among various governmental and 
public departments with, in some cases, no central authority responsible for all aspects 
of the water sector. Thus, there seems to be no single body responsible for water 
quality management. Water quality issues are dealt with on an ad hoc basis by the 
different ministries. Water authorities as such mainly handle water distribution systems 
and treatment, such as disinfection of water supplies, if needed. The low level of 
technical competence and the inadequate training, made it difficult for the water 
authorities to tackle the problems arising from water resource deterioration in most 
countries of the region. However, recent interest in environmental issues and especially 
in the impact of development on the environment, has led to greater attention being 
paid, in most countries of the region, to the question of water resources pollution. 
Consequently, this is expected to lead to the enactment of environmental quality 
standards, important among which are those related to water quality (6)(8). 
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So far, responsible authorities in the region have accepted international standards, 
specifically the World Health Organization (WHO) standards in most cases. This must 
be viewed with caution because of the important differences and peculiarities of the 
region and the ESCWA member countries with respect to most environmental 
problems, not least among them are the climatic and soil conditions. To this must be 
added the socio-economic and environmental requirements for sustainable development 
in the region. All this must lead to an emphasis on the need for an endogenous water 
system built upon a clearly stated national and regional water policy. Water quality, 
in all its aspects, can only be considered rationally within the framework of a system 
that recognizes the realities of the water situation as part of the socio-economic and 
geopolitic milieus of the region. 

The situation may be summarized in the following terms: 

Legislation has not developed sufficiently to meet the level of 
technological advancement achieved in many of the socio-economic sectors; 

There is no national policy on water quality that can serve as the basis for 
water quality standards; 

The organizational set-up is not adequate to handle the demand for the 
quantity and quality of water required by a rapidly growing and advancing society. 

The situation of legislation and institutions related to water quantity and quality 
on a country-by-country basis will be published in an ESCWA technical publication 
by the end of 1995. The information presented in that publication will be gathered, as 
far as possible, from contributions by the countries concerned to ESCWA and other 
regional and international meetings and organizations as well as from published 
documents of these organizations. 

4. Regional and subregional cooperation 

The Gulf Cooperation Council (GCC) has included water resources among its 
priorities and has issued some important decisions on water conservation for its 
members. The specialized committees of the GCC have also worked on some studies 
and reports concerning various aspects related to water; of interest among them is a 
guide for drinking-water standards. Interest in the well-being of the aquatic quality of 
the Gulf led in 1978 to a regional convention for the protection of the Gulf 
environment joined by all the countries surrounding it, viz., the countries of the GCC, 
Iraq and the Islamic Republic of Iran. The convention dealt with wide-ranging issues 
related to industrial and oil pollution, aquatic life, discharge of municipal and industrial 
wastewater, and the environmental impact of engineering and mining projects in the 
coastal regions. 
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Efforts to formulate similar programmes for the Red Sea and the Gulf of Aden 
have yet to materialize. However, the Mediterranean Sea environment has been the 
centre of great interest, as reflected by the various activities in which some countries 
of the ESCWA region are directly involved. No similar activities could be recorded in 
the case of shared international rivers or common aquifers. However, an activity in 
which the countries of the region are involved which is expected to be of great promise 
is the Inter-Islamic Network for Water Resources Development and Management. 

There are regional and international organizations with direct interest in water 
affairs in the ESCWA region. The cross-section of such institutions covering a wide 
range of activities on the country, regional, subregional, and interregional levels shows 
clearly the priority allotted to water resources and water quality problems. Among the 
many activities of these organizations, water quality features prominently. It is hoped 
that the proposed regional water committee would soon see the light and take a leading 
role in coordinating regional activities in such areas as water quality standards and 
legislation as well as in laying the grounds for regional cooperation in all water issues 
(3)(5). 

5. Drinking-water supply guidelines in the ESCWA region 

WHO, as well as other organizations, is taking an active role in developing 
guidelines to describe water quality to satisfy economic and consumer health 
considerations. These guidelines highlight the importance of analytical monitoring of 
drinking-water quality to avoid ingestion of pollutants such as chemicals and bacteria. 
In 1984, WHO introduced Drinking-Water Quality Guidelines (three volumes), 
superseding both the European Standards and International Standards for Drinking-
Water which had been in existence for over a decade. The main reason for replacing 
the previous standards for drinking-water quality was the desirability of adopting a 
risk-benefit approach to the national standards criteria, standards and regulations. 
Adoption of two stringent drinking-water standards could limit the availability of water 
supplies that met those standards. Hence the WHO guidelines for drinking-water 
quality were set instead of WHO standards for use by countries as a basis for the 
development of their own national standards, which if properly implemented would 
ensure the safety of the drinking-water supply. 

It was emphasized on many occasions that the WHO guidelines are not standards 
in themselves but represent recommended levels for water constituents and 
contaminations. Therefore, many of the ESCWA member countries have set their 
guidelines in line with the WHO guidelines for drinking water quality. These 
guidelines highlight the continuous need and importance of analytical monitoring of 
drinking-water quality to avoid ingestion of pollutants such as chemicals and bacteria. 
This prompts the necessity for water quality follow-up in the laboratories. 
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In the ESCWA region, drinking-water quality has received great attention in 
recent times, owing not only to the rise in demand but also to the degradation of the 
usual sources of public water. Every effort should be directed to achieve a drinking-
water quality as high as practicable. Protection of water supplies from contamination 
is the first line of defence. Source protection is almost invariably the best method of 
ensuring safe drinking-water and is to be preferred to treating a contaminated water 
supply to render it suitable for consumption (4)(6). 

6. Water quality guidelines for irrigation 

Water used for agriculture depends on its quality and adequacy for irrigation. 
Using lower quality water results in adapting careful planning to ensure that the quality 
of available water is put in the best use. Such planning is taking into consideration soil 
and crops in selecting alternatives to cope with potential water quality related problems 
that might reduce production under prevailing water quality use. Water characteristics 
usually influence its suitability for specific use. In irrigation water, emphasis is mainly 
placed on chemical and physical characteristics and rarely are other factors considered 
important. In this regard, river water loaded with sediment loads is useful in irrigation 
but unacceptable for municipal use without proper treatment. 

Of the total amount of water used by the ESCWA region, 70% to 80% is used 
for agriculture. The so-called green revolution of the 1970s and in developing 
countries, including ESCWA member countries, brought several million hectares of 
land under cultivation by irrigation. Irrigated agriculture plays an important role in 
producing food in the region. Water used for irrigation often contains some salts 
which may sometimes be necessary for the growth of the crop. Often low-saline water 
in irrigation systems may cause soil permeability problems. Therefore, whether a 
particular source of water is good for irrigating a particular type of crop in a specific 
type of soil is determined by the amounts and types of salts present in the water. 

Generally, the problems resulting from use of poor quality water for irrigation 
are salinity, permeability, toxicity and other effects. There have been a number of 
different water quality guidelines related to irrigated agriculture, each of which was 
useful to cover certain aspects but none has been entirely satisfactory because of the 
wide variability in the field conditions. The Food and Agriculture Organization of the 
United Nations (FAO) developed guidelines for interpretation of water quality which 
relied heavily on previous ones but were modified to give more practical procedures 
for evaluating and managing water quality related problems of irrigated agriculture. 

As previously mentioned, irrigation is one of the main agricultural consumers 
of water in the ESCWA region. Poor quality water may affect irrigated crops by 
causing accumulation of salts in the root zone, by causing loss of permeability of the 
soil due to excess sodium or calcium leaching or by containing pathogens or 
contaminants which are directly toxic to plants. When the presence of pesticides or 
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pathogenic organisms in irrigation water does not affect plant growth and in turn 
affects the acceptability of the agricultural product, FAO guidelines, adapted in the 
ESCWA member countries, take into account such characteristics as crop tolerance for 
salinity, sodium concentration and phytotoxic elements. Sodium in irrigation water 
(Jordan and the Syrian Arab Republic) can adversely affect soil structure and reduce 
the rate at which water moves into the soil. However, water quality guidelines in the 
ESCWA region may be considerably adjusted (Egypt, Iraq and the Syrian Arab 
Republic) due to different annual application rates of irrigation water (7). 

C. CONCLUSIONS AND RECOMMENDATIONS 

The countries of the ESCWA region, with their high rate of population growth, 
almost explosive urbanization, and rapid industrialization, coupled with serious 
overdraft conditions of their water resources and unsolved problems of shared water 
basins among riparian countries, have had to deal with a rapid sequence of water 
quality issues over a short period of time, compared with over a century and a half that 
the developed industrialized countries have taken to confront the sort of problems 
currently afflicting the region. Thus, situations have arisen in many ESCWA member 
countries in which more advanced pollution issues appeared before control over 
traditional pollution sources had been successfully achieved. The people of the region 
know that they must give the highest priority to ensuring a satisfactory supply of 
"good" quality water so essential to their sustainable development. Therefore, with 
their water-poor region, they must exercise the greatest care in sustaining their water 
resources both quantitatively and qualitatively. The question of water quantity control 
is a pivotal one that requires quick action to devise the most effective water action plan 
involving not only the much needed modern legislation but also viable management 
and organization. 

There is currently a focus on many regional plans and policies prepared on the 
water resources of the region. The issue of water quality was considered to be one of 
the three priority issues identified for action in the region. The inadequacy of water 
quality monitoring in the region, together with the institutional incapabilities and the 
lack of legal and regulatory prowess, was duly identified. These observations were 
frequently recorded in many regional and national gatherings on water resources in the 
ESCWA region. The problem of deterioration and depletion of water resources was 
identified as being of the highest priority among the environmental constraints in the 
region. A strategic objective of the regional plan is water quality improvement and 
efficient water use, which comes under one of the main goals of sustainable 
development. 

An analysis of water resources problems identified the following problem areas 
to be of greatest concern: 

(a) 	Water shortages resulting from inefficient use; 
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Deterioration of water quality; 
Ineffective public- and private-sector water resources management. 

The following strategic objective components were defined: 

Increase effective use of water; 
Enhance water quality; 
Improve water management. 

The Bureau for Near East of the United States, Japan, the European Union and 
several individual European countries have shown great interest in the water-related 
problems of the region. Water quality has featured prominently in all of them. It is 
hoped that such international concern will be reflected in greater regional and 
international cooperation in this viable area of development. 

Water shortage and water quality problems characterize the ESCWA region. In 
general, the countries of the region have many issues in common pertaining to water: 

The increased deterioration of water quality and degradation of water 
resources, coupled with explosive urbanization, rapid industrialization, and uncontrolled 
expansion of irrigation and indiscriminate use of agrochemicals in agriculture; 

The diversity of institutions and authorities in charge of water affairs in 
most countries of the region, and the absence of a well-defined water policy and 
national water plan; 

The inadequacy of the current legislation or sometimes its absence in 
confronting the problems of water quality, and the ineffective enforcement of the 
existing regulations; 

Water quality standards are almost outdated; those which are being 
instituted are either international guidelines or foreign standards and therefore do not 
necessarily reflect the local and regional requirements; 

Regional cooperation has been limited to certain areas of immediate 
concern, while such issues as common water basins and problems related to shared 
water sources have not received the necessary level and degree of attention. The call 
for the formation of a regional water resources body has not been effectively answered. 

In the light of the information presented in previous sections, a number of 
observations in the form of recommendations may be tentatively made: 

(a) Water quality must feature prominently in any water policy or plans at the 
national and regional levels; 
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A water quality assessment strategy must be formulated and effectively 
enacted at the national level and it should include regional components to reflect the 
commonality of many of the problems; 

Integrated water legislation should include water conservation and water 
quality matters dealt with in accordance with the requirements of national and regional 
sustainable development; 

Water quality standards should be made in the light of internationally 
acknowledged guidelines, and in congruence with the national needs of the various 
socio-economic sectors and their sustainable development; 

Regional cooperation on water resources should consider the problem of 
water quality in the region among its first priorities, and ESCWA should assist in 
drawing a regional plan of action on water resources that includes: 

An information network on water quality issues; 

Cooperation in formulating water quality standards, possibly through the 
production of guidelines specially designed to correspond to the water 
situation and needs of the countries and of the region as a whole; 

Training programmes to upgrade personnel working in the water sector, 
and in matters of water quality control in particular; 

Model legislation for water quality control to be used as guides in the 
formulation of national laws and regulations; 

Model water management system to assist Governments in the region in 
the establishment of more effective water institutions; 

A regional strategy for water quality assessment, including water quality 
monitoring, benefiting from the experience of the Global Environment 
Monitoring System (GEMS). 
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VI. GROUNDWATER QUALITY CONTROL IN 
THE ESCWA REGION 

by 

Wolfgang Wagner* 

Introduction 

Assessment and control of the quality of water resources is an essential task for 
securing water supplies in the ESCWA region in view of the following: 

Freshwater resources are exploited to a large extent in most countries of 
the region; 

Extensive exploitation and contamination have caused a detertoration of 
water quality in many areas; 

The increasing water demand necessitates the use of water resources with 
marginal quality (such as brackish water and non-conventional water resources). 

In view of this situation, the work programme of ESCWA includes the preparation of 
contributions to the "Assessment of water resources quality in the ESCWA region". 
The present paper has been prepared as a contribution to the general task of assessing 
the quality of water resources and developing strategies for conservation of 
groundwater quality in the ESCWA region. 

The paper comprises: 

A review of regional features of groundwater quality; 

An outline of hydrochemical conditions in selected hydrogeological 
provinces, based on a review of relevant literature and a summary evaluation of 
available groundwater quality data; 

A summary of information of the main sources of groundwater salinity 
and of groundwater quality deterioration in the region; 

Considerations of necessities and options for conservation of water quality 
in exploited and exploitable aquifers, including aspects of: 

Technical Adviser on Hydrogeology, Federal Institute for Natural Resources and Gosciences of 
Germany (BGR). 
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(1) 	Groundwater protection against intrusion of brackish or saline water; 
Groundwater protection against contamination from the surface; 
Related investigations and monitoring programmes. 

A. REGIONAL FEATURES OF GROUNDWATER QUALITY 

Groundwater saliniiy in dWerent  hydrogeological provinces 

The ESCWA region is situated predominantly in zones with a semi-arid to and 
climate. Sub-humid climate conditions extend over the western highlands and 
mountain ranges of Jordan, the Syrian Arab Republic and Lebanon with a 
Mediterranean climate and over mountain ranges at the south-eastern and south-western 
fringes of the Arabian Peninsula in south-western Saudi Arabia, Yemen and Oman, 
which receive a limited amount of monsoonal rainfall with a mean annual precipitation 
of 200-600 mm (figure 1). 

Figure 1. Mean annual rainfall in the ESCWA region 
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Source: United Nations (1982). 
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The ESCWA region coincides with the geological structure of the Arabian 
Platform, a huge plate of the Earth's crust which was attached to the African Plate 
until the opening of the Red Sea rift structure during the Late Cretaceous to the 
Tertiaiy Period. The Arabian Platform comprises two major geological provinces: the 
Arabian Shield, composed of Precambrian crystalline rocks, and the Arabian Shelf, 
which is covered by a thick sequence of sedimentary rocks. 

The distribution of natural groundwater salinity in the ESCWA member 
countries appears, in a regional view, related to geological and morphological-climatic 
features: more humid climate conditions favour the formation of fresh groundwater 
resources; the geochemical reactivity of soil and rock material is a dominani factor for 
the concentration of dissolved substances in the groundwater; morphological features 
influence run-off and infiltration characteristics. 

Groundwater with low salinity extends over wide parts of the western mountain 
ranges, where the Mediterranean sub-humid climate and karstic aquifers create 
relatively favourable recharge conditions, and over the highlands and the western 
escarpment in Yemen. 

In most of the semi-arid to arid areas covering the steppe (Badyie) in the 
northern Arab countries and most of the Arabian Peninsula, the groundwaier salinity 
reaches from >1,000 to several thousand mg/l of total dissolved solids (Tl)S). This 
general increase of groundwater salinity towards the more and regions is certainly, to 
a large extent, related to the climatic conditions: increasing aridity is accompanied by 
decreasing recharge and an increasing impact of evaporative processes. 

Some areas of the ESCWA region with very low rainfall contain grundwater 
resources with adequate or marginal quality for domestic use or irrigation. These 
occurrences of fresh groundwater are related to recharge during previous periods 
with more humid climate or to recent recharge in extended wadi system (Wagner 
1995). 

Lerner et al. (1990:24) defined areas with similar climatic, geologic and soil 
conditions as hydrogeological provinces. This concept can be applied to the ESCWA 
member countries, on a regional scale, considering the lithologic characleristics of 
major aquifers and morphologic-climatic zones. In different hydrogeological 
provinces, particular groundwater quality characteristics can be found. 

Some of the main hydrogeologic provinces of the region and their characteristics 
are listed schematically in table 1. 
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TABLE 1. SELECTED HYDROGEOLOGICAL PROVINCES OF THE ESCWA REGION 

Hydrogeologic Groundwater type 
province Major aquifers Climate acc. to salinity 

Western highlands Karstic Sub-humid Mainly fresh 
and mountains, limestones and 
Jordan, Syrian dolomited 
Arab Republic, 
Lebanon 

Badyie and Fissured Semi-arid Brackish, fresh in 
Hamad carbonate limited areas 

aquifers 

Basalt area, Jordan Fissured basalt Semi-arid to sub- Mainly fresh 
and Syrian Arab humid 
Republic 

Sandstone area in Sandstone Prevailingly arid Fossil fresh 
Jordan and Saudi groundwater 
Arabia 

Carbonate aquifers Fissured or Prevailingly arid Mainly brackish 
in Saudi Arabia karstic carbonate 
and the Gulf area aquifers 

Arabian Shield Unconsolidated Arid, semi-arid in Fresh to brackish 
wadi aquifers mountain areas 

Western highlands Limestone, Semi-arid to sub- Fresh to slightly 
and escarpment in sandstone, humid brackish 
Yemen volcanics 

Oman Mountains Ophiolites Semi-arid Low yielding 
freshwater aquifers. 

carbonate rocks Fresh to brackish 

Coastal areas Unconsolidated Semi-arid to and Brackish to saline, 
coastal aquifers freshwater lenses 
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2. Hydrochemical aspects 

The main natural sources of substances dissolved in the groundwater in the 
ESCWA region are: 

Atmospheric inputs: substances dissolved in infiltrating rainwater; 

Pedogenic inputs: substances dissolved through interaction of biogenic CO2 
with soil material and water; salts dissolved from the soil zone; 

Laithogenic inputs: substances dissolved from rock material in the 
saturated and unsaturated zone. 

Processes that increase the groundwater salinity are: 

Enrichment of salts through evapo-transpiration; 

Intrusion of brackish or saline water from surface-water bodies isea water, 
sabkhas) or from adjacent aquifers or aquitards. 

Anion concentrations in rain water (table 2) are in the following order of 
magnitude (figure 2, Salameh et at. 1991): 

C15-25 mg/I 
S044-50 mg/I 
HC0 3 20-60 mg/I 

High contents of dust particles can create SO 4  and HCO3  concentratioiis of more 
than 100 mg/I in atmospheric deposition. 

During the recharge process, the ion contents from atmospheric deposition are 
generally increased: HCO 3  and equivalent cations are dissolved through interaction of 
CO21  which is produced by biological activity in the soil zone, with carbonate and 
silicate minerals, and Cl and SO 4  contents are enriched through evapo-transpiration. 

Infiltrating surface water run-off (indirect recharge) usually also supplies 
concentrations of dissolved substances increased in comparison to rainwater through 
pedogenic HCO3  contents enrichment by evapo-transpiration and dissolution of salt 
accumulations which occur at the surface or in the soil zone. 
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TABLE 2. AVERAGE CONCENTRATIONS OF MAJOR IONS IN 
RAINWATER IN SELECTED AREAS 

Jordan 
Khalidiye Jordan Azraq 

Central 
Syrian 
Arab 

Republic 

Northern 
United Arab 

Emirates 

El. conductivity 165 273 120 70-350 

Total diss. solids 70 

Ca 23.3 34.9 18 20 
Mg 2.1 34.9 1 1-5 
Na 5.4 18.5 2 5-20 
K 3.1 2.3 1 

Cl 11.9 23.7 6 5-50 
SO4  18.0 33.7 20 10-50 
HCO 3  50.6 75.9 40 20-60 

Electrical conductivity in —US/cm, ions in mg/I. 

After information from Salameh et al. 1991, Droubi 1983, and United Arab Emirates Ministry of 
Electricity and Water. 

Figure 2. Anion concentrations in rainwater and fresh recharge, 
northern Jordan 
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During longer water retention periods in the aquifer, a further increase in anion 
concentrations from lithogenic components can occur: 

Increase in Cl and SO 4  concentrations through dissolution of evaporite 
(gypsum) layers and salts; 

Increase in HCO 3  concentrations through interaction of dissolved CO 2  with 
carbonate or silicate minerals or through oxidation of organic matter. 

The concentrations of lithogenic components are largely controlled by the 
geochemical composition of the rock formations with which the groundwater comes 
into contact. On the Arabian Shelf, the groundwater quality is influenced by the 
following main lithological types of aquifers and aquitards: 

Carbonate aquifers: limestones, dolomites, chalk; 

Siliceous aquifers: sandstones, volcanic rocks; 

Aquifers with sulfitic layers: carbonate rocks, sandstones or semi-
consolidated Pleistocene basin deposits with gypsum or anhydride intercalations; 

Aquitards of marine origin with dispersed salts and pyrite; 

Unconsolidated or semi-consolidated Pleistocene to recent aquifers in 
wadis, basins and coastal areas with varying geochemical rock types. 

The classification of groundwater according to quality characteristics is generally 
based on contents of dissolved solids. The major aims of groundwater quality 
classification are: 

The assessment of suitability of groundwater use for the domestic supply 
or for irrigation; 

The investigation of the origin of the groundwater and of sources of 
groundwater salinity. 

Criteria for groundwater quality classification regarding natural inorganic 
components are: 

Total salinity and the corresponding Cl concentration; 

Standards of major constituent concentration with regard to human 
consumption (WHO 1993); 
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Standards for irrigation water based primarily on total salinity (electrical 
conductivity values) and sodium hazards (exchangeable sodium rations, sodium 
adsorption ratio, Appelo and Postma 1993:191); 

Proportional contents of major ions used for definition of hydrochemical 
water types. 

For regional aspects of groundwater classification, values of total salinity and 
of anion concentrations can be evaluated. Major cations (alkaline ions: Na, K and 
earth alkaline ions: Ca, Mg) can have characteristic ranges or proportional contents in 
a specific aquifer but vary over wide ranges in many cases. 

A simplified scheme of the classification of water types by Stuifzand (1991) may 
serve to define regional hydrochemical characteristics, based on the following 
categories: 

Total salinity and Cl concentration: 

TDS g/l Cl mg/I 
Freshwater 	<1.0 <150 

Brackish water 	1.0-10 150-300 

Salt water 	>10 >300 

Predominant anion and cation contents (proportional contents in meq %): 

Anions: HCO3 , SO4 , Cl; 
Cations: Na+K (alkali ions, generally Na- type water), Ca+Mg (earth 
alkaline ions, Ca- or Mg-type water). 

B. HYDROCHEMICAL CONDITIONS IN SELECTED 
HYDROGEOLOGICAL PROVINCES 

Western highlands and mountain ranges in Jordan, 
Lebanon and the Syrian Arab Republic 

Karstic carbonate aquifers in the western highlands and mountain ranges of 
Jordan, Lebanon and the Syrian Arab Republic with sub-humid mediterranean climates 
receive relatively high recharge. The groundwater is prevailingly fresh Ca-HCO 3-type 
water with a salinity of 250-500 mg/I TDS (figure 3). Dissolved substances are 
dominated by atmospheric inputs and by dissolution of carbonates with minor 
enrichment through evapo-transpiration processes. Analyses of water samples collected 
from cisterns and from springs of very shallow aquifers in the western highlands of 
Jordan (Rimawi and Udluft 1985) provide indications of the quality of groundwater 
recharge. Water from cisterns is similar to rainwater in its anion composition with a 
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slight increase in HCO 3  concentration. The effect of dissolution of soi) and rock 
carbonate can be seen in HCO 3  contents of spring water from shallow carbonate 
aquifers, which are considerably higher than in rainwater (figure 2). 

Figure 3. Anion concentrations in low salinity groundwater 
in and parts of the ESCWA region 

Source: Hobler Ct al. 1991, United Nations 1982, ACSAD 1983, Otkun 1975, Jado ani Hötzl 1984, 
files of Kuwait Inst. Sci. Research and United Arab Emirates Mm. Agric. 

The anion composition of water from some of the large karst spnngs in the 
Lebanon and Anti-Lebanon Mountains, such as Ain el Figeh, reflects the origin of the 
water from atmospheric inputs: Cl and SO4  concentrations of a few mg/l, and of 
carbonate dissolution: HCO 3  concentrations around 170 - 200 mg/I. 

Groundwater ages in the extensive karst aquifers range from recent to several 
thousand years. The mean turnover time of groundwater discharging in Am el Figeh 
(Anti-Lebanon and the Syrian Arab Republic) has been calculated to about 50 years 
(Yurtsever 1993). 

Most of the groundwater in the Amman-Wadi Sir aquifer of the western 
highlands in Jordan is apparently several thousand years old (5,000 to 15,000 years), 
with limited recent direct and indirect recharge (Lloyd 1980, 1981). 
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Elevated SO4  concentrations in Mesozoic karst aquifers in the Syrian Arab 
Republic indicate a lithogenic source of sulphate formed by gypsum layers. 
Groundwater with elevated SO 4  contents in the Anti-Lebanon (Barada, Hor and Sarda 
springs) are predominantly recent with ' 4C value around 50 pmc and tritium levels 
around 30 T.U. (ACSAD files). 

Figure 4. Anion concentrations, karst aquifers, Jordan and the 
Syrian Arab Republic 
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2. Basalt area in Jordan and the Syrian Arab Republic 
(United Nations 1982, Almomani 1995, Katan 1995) 

Groundwater in the basalt aquifer of the Hauran area in the Syrian Arab 
Republic and in northern Jordan is generally characterized by low salinity between 200 
and 500 mg/I and groundwater salinity is even less at the higher slopes of Jebel el 
Arab, with electrical conductivity values of 120 to 350 MS/cm. The low salinity 
groundwater samples from basalt aquifers vary from HCO 3  to Cl-HCO 3  waters. HCO 3  
concentrations are generally <140 mg/i (figure 5). 
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Figure 5. Anion concentrations, basalt aquifers, Jordan and the 
Syrian Arab Republic 
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TABLE 3. GENERAL RANGE OF ANION CONCENTRATIONS IN 
KARSTIFIED CARBONATE AQUIFERS OF THE WESTERN 
MOUNTAINS AND HIGHLANDS OF JORDAN AND THE 
SYRIAN ARAB REPUBLIC 

Cl SO4  HCO3  

Mesozoic Anti-Lebanon 12-18 2.5-12 123-153 
Gypsiferous Mesozoic Anti-Lebanon 29-125 —_80-146 
Cenomanian-Turonian NW Syrian Arab Republic 10-49 4-46 180-400 
Jurassic Ansariyeh 10-14 43-570 227-308 
Nummulitic Limestone Syrian Arab Republic 11-15 5-10 153-278 

Amman-Wadi Sir Jordan 28-50 10-40 180-300 

Source: Ponikarov et at. 1967, Bockh et al. 1970, Hobler 1991, Rimawi 1995, ACSAD files. 

The relatively high rainfall in the mountain area (mean annual precipitation 400-
OO mm) creates a significant amount of groundwater recharge, indicated by numerous, 

;ostly seasonal, springs. The low groundwater salinity can be attributcd to short 
jetention periods in siliceous rocks with low geochemical reactivity. In the carbonate-
free lithology, only a limited amount of HCO 3  is dissolved through interaction between 
CO 2  and silica minerals (feldspars). Cation compositions vary from approximately 
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equal proportions of major cations (Ca, Mg, Na+K) in the Syrian part of the basalt area 
to predominance of Na in the Azraq area. In the direction of groundwater flow 
towards west and south, groundwater salinities increase to 200-400 mg/I. 

3. Badyie and Hamad 

The hydrogeologic provinces of the Badyie in the Syrian Arab Republic and 
Jordan and the Hamad region comprise extensive fissured carbonate aquifers: 
limestones, dolomites, many limestones and chalk of Cretaceous (Cenomanian-
Santonian) and Paleogene (Paleocene-Eocene) age. Groundwater in these aquifers 
shows the following hydrochemical characteristics (table 4, summarized from ACSAD 
1983, Bockh et al. 1970, United Nations 1982, Droubi 1983): 

Eocene chalks in the north-western Syrian Arab Republic contain Ca-
HCO3  type water with a total salinity of 200-400 mg/I TDS. The chalks comprise a 
water table aquifer which is significantly replenished by current recharge; 

Groundwater in confined Cretaceous limestone and dolomite aquifers in 
the north-western Syrian Arab Republic is prevailingly Ca-SO 4  type water with 
elevated SO4  concentrations (500-1,300 mg/I) and total salinity up to 3,000 mg/I TDS. 
The SO4  content is assumed to originate from a lithogenic source: evaporite layers in 
Mesozoic rocks in the catchment area; 

The Cretaceous and Tertiary fissured carbonate aquifers of the Syrian Arab 
Republic extend, to some part, over large inland drainage areas situated between the 
Orontes and Euphrates river basins. In these inland drainage areas, groundwater 
movement is directed towards closed basins (Sabkhet al Mouh, Jabboul, Matah, 
Harayeq). In the sabkha areas, the carbonate aquifers contain prevailingly Na-Cl-SO 4  
type water with a total salinity of up to 8,000 mg/I TDS. The high salinity is caused 
by enrichment of dissolved substances through evapo-transpiration and dissolution of 
evaporite layers in Pleistocene basin sediments; 

Karstic carbonate aquifers of Cenomanian-Turonian age in the Palmyra 
area in the central Syrian Arab Republic contain groundwater with a salinity between 
900 and 2,500 mg/I TDS (Droubi 1983). In limited areas, in particular at Qaryatein 
100 km west of Palniyra and at Arak 30 km east of Palmyra, the karst aquifer 
comprises groundwater with a salinity of less than 1000 mg/I TDS and the following 
ranges of anion concentrations (figures 3 and 6): 

Cl and SO4 	17-50 mg/I 
Na, Ca, Mg 	17-70 mg/I 
HCO 3 	140-270 mg/I 
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Figure 6a. Cl concentrations in groundwater of the 
Ed Daw-Palmyra Basin 
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Figure 6b. SO4  concentrations in groundwater of the 
Ed Daw-Palmyra Basin 
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Groundwater ages are high according to ' 4C data (20,000 years [Geyh et at. 
1994]). The origin of this groundwater has to be sought in recharge events during 
pluvial periods, while replenishment from present recharge is very low The low 
salinity groundwater is obviously related to significant recharge under relatively humid 
climate conditions. Major ion contents may originate prevailingly from atmospheric 
inputs and dissolution of rock carbonate under the influence of soil CO 2  with some 
enrichment of Na and Cl during the recharge process; 

(e) The Hamad region comprises a steppe to desert plateau extending from 
the southern Syrian Arab Republic through north-eastern Jordan and western Iraq into 
northern Saudi Arabia. The plateau is covered by a sequence of Paleogene to 
Oligocene limestones, marts, chalk, chert and dolomites, which is underlain by 
Cretaceous carbonate rocks. The Cretaceous to Tertiary carbonate rock sequence 
contains a complex fissured aquifer system with generally poor to moderate 
perrneabilities. Groundwater in the central parts of the Hamad region 5  generally 
brackish Na-Cl or Ca-Cl type water with Cl and SO 4  concentrations above 500 mg/I. 
The groundwater is unsuitable for the domestic supply or irrigation but can be used, 
to some extent, for watering of animals (sheep and camels). Moderate salinities of 
groundwater, related to indirect recharge in extended wadi systems, are found in the 
north-eastern to eastern part of the Hamad region (Et Tenf-Sawab area in the Syrian 
Arab Republic and Iraq, Rutbah area in Iraq) and in the Ruweishid area in the Central 
Hamad region in Jordan. The groundwater with relatively low salinity in wadi aquifers 
is generally related to present indirect recharge: infiltration of seasonal or ephemeral 
wadi run-off. Cl and SO 4  concentrations can be attributed to contents of rainwater 
concentrated to varying degrees by evapo-transpiration at or near the surface. HCO 3  
concentration originate principally from interaction of soil CO 2  with carbonates or 
silicate minerals. 

4. Sandstone area in Jordan and Saudi Arabia 
(Hobler et at. 1991, ACSAD 1983, Lloyd and Pim 1990, 

El Naser and Gedeon 1995) 

In Paleozoic sandstone aquifers, groundwater with low salinity occurs within and 
near the outcrop areas of the sandstones, which extend, adjacent to the Precambrian 
basement of the Arabian Shield, from southern Jordan into the Tabuk, Hail-Buraydah 
and Wadi Dawasir areas in Saudi Arabia. 

The concentrations of Cl and SO 4  are in the range of 20-70 mg/l and not much 
higher than concentrations in present rainfall (table 5, figure 3). Cl and SO 4  contents 
probably originate mainly from atmospheric inputs somewhat concentrated through 
evaporation at or near the surface during the recharge process. HCO 3  concentrations, 
ranging around 100-130 mg/I, are related, apart from limited atmospheric inputs, to 
interaction of soil CO 2  with silica minerals or carbonate cement. 
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The groundwater with low salinity in the Paleozoic sandstone aquifers is 
attributed to significant past recharge during periods between 10,000 and 30,000 years 
BP (Lloyd and Pim 1990). 

TABLE 5. GENERAL RANGE OF ANION CONCENTRATIONS IN SANDSTONE 
IN JORDAN AND SAUDI ARABIA 

Cl SO4  HCO3  TDS 

Disi, Jordan 23-43 14-31 80-130 200-250 

Kurnub, Baqqa 32-52 13-24 234-267 535-581 
Al Jawf 3 1-55 48-77 127-139 335-500 
Saq, Tabuk 12-137 
------------------------------------------------- 

9-76 37-155 480-840 
------ ------------------ 

Wasia, Khureis 	1 170 130 128 
t  

602 

Source: Hobler et al. 1991, ACSAD 1983, Lloyd and Pirn 1990, Rimawi 1985. 

5. Carbonate aquifers in Saudi Arabia and the Gulf area 

In eastern Saudi Arabia, fissured and karstified carbonate rocks of Upper 
Cretaceous to Tertiary age form a complex aquifer system comprising aquiferous 
sections within the Cretaceous Aruma formation, the Tertiary Umm er Radhuma, Rus 
and Dammam formations and Neogene deposits. It is assumed that the Umm er 
Radhuma aquifer contaiiis the main quantity of groundwater circulation within this 
aquifer system and is nourishing most of the natural artesian groundwater outflows in 
the eastern provinces of Saudi Arabia. The aquifer system receives some recent 
recharge in the outcrop areas of the Umm er Radhuma Fonnation, from which 
groundwater moves in a general eastward to north-eastward direction towards the 
Euphrates-Gulf depression. At present, large quantities of groundwater are extracted 
from the aquifer system through boreholes in oasis areas of eastern Saudi Arabia. The 
Umm er Radhuma Formation constitutes one of Saudi Arabia's most important 
aquifers. It consists of Paleocene-Eocene limestones and dolomites, which crop out 
in a 50- to 70-km-wide strip extending in a north-south direction over nearly 1,000 km 
from the western desert of Iraq through central Saudi Arabia and into Yemen and 
Oman. 

The occurrence of groundwater with a salinity of 380 and 430 mg/I TDS from 
areas at or near the outcrop of the Umm er Radhuma Formation in Wadi Miyah and 
Wadi aI Batin was reported by Othun (1975). The groundwater salinity generally 
increases eastward in the direction of the regional groundwater flow, but groundwater 
with a moderate salinity of 1,500 mg/l TDS is found as far as 200 km east of the 
outcrop in the Hofuf area (table 6, Bakiewicz et al. 1982). The Umm er Radhuma 
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Formation constitutes, in the regions downstream of its outcrop, a component of a 
complex aquifer system of fissured carbonate rocks of the Cretaceous to Tertiary 
period. It is assumed that the Umm er Radhuma Formation contains the main quantity 
of groundwater circulating in this aquifer system. The hydrochemical composition of 
the groundwater changes from bicarbonate near the Umm er Radhuma outcrop area 
further downstream to calcium sulphate and sodium chloride with increasing salinity. 
The salinity increase is probably caused by dissolution of evaporite layers in particular 
in the Rus Formation overlying the Umm er Radhuma Formation (Bakiewicz et al. 
1982). The age of the groundwater in the Umm er Radhuma Formation is estimated 
at 15,000 to 19,000 years (Otkun 1975). 

TABLE 6. GENERAL RANGE OF ANION CONCENTRATIONS OF GROUNDW1TER FROM 
THE TERTIARY AQUIFER COMPLEX IN OASES OF EASTERN SAUDI ARABIA 

Cl SO4  HCO 3  
Al Qatif 570-1,500 430-620 170-195 
Hassa 375-500 293-326 186-230 
W. el Hiyah 284-1,000 500-780 152-180 
Haradh 236-404 216-264 159-183 

Source: Jado and ZotI 1984. 

Present significant indirect recharge occurs as inflow of surface run-off into karst 
cavities in the outcrop area of the Umm er Radhuma Formation (Al-Saafin et al. 1990). 
This actual recharge produces groundwater with a salinity between 1,200 and 1,900 
mg/I TDS, the dominant ions being Ca, Na, SO 4  and Cl. The hydrochemical 
composition of present recharge appears to be different from the composition of fossil 
groundwater. 

Water with varying salt content occurs regionally as well as vertica0y owing to 
differences in the geochemical composition of the rock material. Interspersed evaporite 
layers may account for the exceptionally high water mineralization at some depths. 
The general pattern and trends of groundwater salinity and hydrochemistry in the 
carbonate aquifer complex in eastern Saudi Arabia and the Gulf area has been 
described in a number of reports and publications, e.g. Sen and Al-Dakheel (1986), 
Pike (1985), FAO (1980), Lloyd et al. (1980), Abderrahman (1990). 

6. Arabian Shield 
(Al-Sayari and ZotI 1978, Lloyd et al. 1980, 

Memon et al. 1984, Kotb et al. 1990) 

The Arabian Shield, which is composed of Precambrian crystalline and 
metamorphic rocks, extends over around 770,000 km 2  from southern Jordan over 
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western Saudi Arabia into Yemen. In the northern and western parts of the Shield, 
average annual rainfall is as low as 50-100 mm. The mountain regions extending 
parallel to the coast of the Red Sea and the Gulf of Aden in the south-east of the 
Arabian Peninsula receive more abundant rainfall during the winter and monsoon 
seasons in December-January and April-May, respectively, averaging around 400 mm 
per year. 

The crystalline rocks of the Shield are, in general, very poor aquifers. The main 
groundwater resources are contained in alluvial wadi fills, which are recharged 
primarily through infiltration of run-off during flood flows. The width of major wadis 
varies from several hundred metres to a few kilometres and the thickness of wadi 
sediments ranges from a few metres up to about 100 m. The wadi systems on the 
western slope of the Arabian Shield—west of the water divide—merge into the Red 
Sea coastal plain (Tihama); the wadi systems directed eastwards or north-eastwards 
form extensive alluvial fans on the area of the Arabian Shelf. The salinity of 
groundwater in the alluvial wadi aquifers ranges from 450 mg/I up to 10,000 mg/I. 

Generally, the groundwater salinity is low in the upper wadi courses (<1,000 
mg/I), where flooding from sporadic rainfall is more frequent than further downstream 
and which accordingly comprise the major recharge areas of the wadi aquifers. A 
general increase in groundwater salinity from the upper course towards the lower 
reaches is observed in most wadi systems, but high local variations of groundwater 
salinity occur. 

Most groundwater in the wadi aquifers are of Na-Cl type. In some wadis, a 
central freshwater zone of Ca-HCO 3  type is indicated, with higher salinity groundwater 
of Na-SO4  type occurring on the edges of the major alluvial thickness (Lloyd et al. 
1980). 

Wadi systems in the hinterland of Jeddah, directed towards the Red Sea coast 
(Wadi Khulays, Wadi Usfan and Wadi Fatimah - Wadi Naman) contain extensive 
aquiferous alluvial covers in parts of their courses. Groundwater salinity in these wadi 
aquifers ranges from 300-7,500 mg/I (figure 3) and different types of hydrochemical 
composition prevail in different wadi courses, apparently related to the prevailing 
lithology of rock outcrops in the catchment area and enrichment by evaporation: Na-
Cl type groundwater with moderate salinity to high salinity Na-Cl type groundwater. 
The elevated salinity may be attributed to dissolution of evaporite layers, evaporative 
enrichment in sabkha areas and impacts of irrigation return flow (AI-Sayari and ZotI 
1978). 

7. Coastal areas 

Coastal plains in Western Asia comprise important agricultural areas and a 
number of urban centres. Coastal plains with irrigated agriculture extend, in particular, 
along the shores of: 
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The Mediterranean Sea in the Syrian Arab Republic, Lebanon and the 
Gaza Strip; 

The Red Sea in Saudi Arabia and Yemen; 

The Gulf of Oman in Oman and the United Arab Emirates. 

The total area irrigated through groundwater extraction in these coastal areas is 
estimated for 1993 at 170,000 ha (AI-Rifai 1993). 

Productive coastal aquifers are composed, in particular, of: 

Unconsolidated fluvial or marine sediments of prevailingly Quaternary 
period, which are recharged mainly through infiltration of flood run-off in wadis 
entering the coastal plains from their mountainous hinterland; 

Carbonate rocks of various ages (Paleozoic to Cretaceous, Middle 
Cretaceous, Tertiary), which are recharged from rainfall in mountainous catchment 
areas or which contain fossil groundwater. 

Local freshwater lenses sustained by recent recharge occur in permeable 
formations in some areas of the Gulf coast. Intensive exploitation of groundwater from 
coastal aquifers, particularly for irrigation, has created widespread problems of 
declining groundwater levels, depletion of aquifers and salt-water intrusion. The 
abstraction of groundwater in many coastal plains is several times higher than the 
present recharge. A large part of the fossil as well as presently renewed groundwater 
resources in coastal plains is subjected to heavy overexploitation. 

Published information on groundwater quality and hydrochemistry in coastal 
areas on the Mediterranean Sea and the Red Sea can be summarized as follows: 

(a) Mediterranean Sea coast (Khair et al. 1992, United Nations 1982, UNDP 
1970, Selkhozpromexport 1974): In the coastal plain extending between the 
Mediterranean Sea coast and the Ansariyeh and Lebanon Mountains in the Syrian Arab 
Republic and Lebanon, Cenomanian-Turonian limestones and dolomites and, along 
parts of the Lebanese coast, Eocene-Miocene limestones and dolomites constitute 
productive aquifers. The carbonate aquifers are, in some areas, overlain by aquiferous 
Neogene basalts and Neogene-Quaternary sediments. The Cenomanian-Turonian 
aquifers receive recharge in the sub-humid mountainous hinterland of the coast, the 
coastal areas acting as major groundwater discharge areas with important springs. The 
hydrochemical composition in the carbonate aquifers mentioned is characterized by low 
to moderate salinity and Ca-HCO 3  or Ca-Mg-HCO3  type water. Directly along the 
Lebanese coast, Cl type groundwater with slightly elevated salinity indicates an 
influence of sea-water intrusion. Because of recent intensification of groundwater 
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abstraction in coastal areas of Lebanon, particularly in the Beirut area, extensive areas 
have been affected by sea-water intrusion. According to Khair et al. (1992), average 
Cl concentrations in wells in coastal areas of Lebanon rose from 340 mg/I in 1970-
1971 to 4,270 mg/I in 1985. 

On the Syrian coast, sea-water intrusion has occurred in the Lattakia area 
and at Hamidiyeh (southern part of the Syrian coast). In the aquifer system of the 
coastal Akkar plain in the Syrian Arab Republic and Lebanon, which is composed of 
Cenomanian-Turonian limestones and Quaternary alluvial deposits, groundwater 
salinity ranges from 100 to 600 mg/l TDS and increases towards the coast to >1,000 
mg/I (Agrocomplect 1989, United Nations 1982:102). Well fields near the sea coast 
may be endangered by salt-water intrusion. 

The Gaza Strip comprises a 45-km-long and 5- to 8-km-wide section of 
the coastal plain. Aquiferous sediments comprise littoral calcareous sands and 
sandstones. Mean annual rainfall ranges from 300 to 600 mm. Indirect recharge may 
occur from run-off in three ephemeral streams (Khor Zannoon, Wadi Gaza, Wadi El-
Salqah). According to a survey of groundwater quality in the Gaza Strip made in 1967 
(El-Nakhal and Himidab 1980), total salinity ranges from 300 to 4,570 mg/I TDS with 
concentrations of Na between 15 and 125 mg/I and of Cl between 22 and 1,860 mg/l. 
The groundwater quality of 40% of the samples was adequate for the domestic supply 
and irrigation; 60% of the samples were unsuitable for the domestic supply and 
doubtful to unsuitable for irrigation because of elevated salinity. A more recent survey 
(Zarour et al. 1993) showed that groundwater quality in only 2 of 15 sampled wells 
was adequate for the domestic supply. The sources of elevated groundwater salinity 
are assumed to be: movement of saline groundwater from the east and sea-water 
intrusion, mixing with deeper saline water (WRAP 1994). 

The Red Sea coastal plains of Jordan, Saudi Arabia and Yemen receive 
less than 100 mm of mean annual rainfall. Direct recharge of the aquifers composed 
of unconsolidated coastal sediments is therefore very limited, indirect recharge is 
concentrated in narrow strips along wadis receiving ephemeral run-off from the 
mountainous hinterland where, in particular in south-western Saudi Arabia and in 
southern Yemen, heavier rainfall occurs. 

For the Tihama Quaternary aquifer system of the Wadi Surdud area in Yemen 
the following hydrogeological conception has been given (van der Gun et al. 1992): 

The aquifer system is composed of more or less fan-shaped "groundwater 
flow domains"; 

The groundwater flow domains include: recharge zones along streams in 
the eastern (upper) part of the Tihama, discharge zones in the eastern (lower) part of 
the Tihama, where natural groundwater discharge occurs through evaporation from salt 
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flats or as submarine outflow, an aquifer zone connecting recharge and discharge 
zones; 

Between the groundwater flow domains, groundwater is almost stagnant; 

From relatively narrow recharge zones along stream beds, groundwater 
flow expands laterally in the more pervious eolian sediments further west into a 
practically continuous discharge zone at the coast. 

The freshwater-bearing Quaternary sedimentary complex reaches a thickness of 
200-300 m. Groundwater salinity rises from 400 mg/I TDS in the recharge zones to 
>2,000 mg/I towards the coast. Near the coast, a "sea-water intrusion wedge" has 
developed. 

Similar hydrochmical conditions exist in the coastal aquifer of the Jizan Plain 
in Saudi Arabia (Al-Sayari and Zotl 1978): the coastal aquifer contains highly saline 
groundwater which is overlain by freshwater in channel-like systems analogous to the 
present drainage pattern and to former wadi systems. The maximum thickness of fresh 
groundwater is more than 100 in in some wadi areas. Water from surface run-off in 
wadis has, in general, an electrical conductivity of 300-700 fLS/cm and is of Ca-HCO 3  
type with relatively high SO 4  concentrations. Groundwater with low electrical 
conductivity and with a hydrochemical composition similar to surface run-off is found 
near the wadis and in the foothill areas. With distance from the recharge areas in the 
foothill wadi areas, groundwater salinity increases up to 4,800 mg/I TDS and the 
hydrochemical type of the groundwater changes from Ca-HCO 3  to Na-HCO3  and Na-
Cl. 

Elevated salinity in the shallow groundwater of the Red Sea coastal plains is 
attributed to: sea-water intrusion; irrigation return flow; brines ascending in the coastal 
plain; evaporation in coastal sab/chas; and leaching of salt from evaporitic deposits. 

C. Mn'i SOURCES OF GROUNDWATER SALINITY AND GROUNDWATER 
QUALITY DETERIORATION IN THE ESCWA REGION 

The major quality constraint of groundwater use in Western Asia is its naturally 
high salinity in wide parts of the region. In the semi-arid to and zones which 
predominate in Western Asia, dilution of groundwater with fresh recharge is very 
limited, and the groundwater salinity is elevated from lithogenic sources and from 
enrichment of dissolved substances through evaporation. 

In addition to these natural groundwater salinity problems, the groundwater 
quality is threatened in many areas by human activities (table 7). The following 
activities may be considered major sources of groundwater quality deterioration in 
Western Asia: 
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TABLE 7. MAIN SUBSTANCES INTRODUCED INTO GROUNDWATER THROUGH 
CONTAMINATION FROM THE SURFACE 

Source of input 	 I Substances  
Irrigation return flow 

Domestic sewage, untreated disposal or 
improper disposal of sewerage 
Industrial wastewater, untreated release 

Leachate of solid waste disposal 

CI, SO4, HCO 3 , cations, residues of 
fertilizers and pesticides 
N compounds, Cl, SO 4 , boron, 
biological contaminants 
Major constituents, trace metals, organic 
contaminants 
As domestic or industrial sewage, 
depending on the type of waste 

(a) 	Over-exploitation of freshwater aquifers can result in intrusion of brackish 
water contained in parts of the exploited aquifer or in adjacent aquifers. Increasing 
salinity may affect any type of groundwater use. Particular hazards of intrusion of 
brackish or saline water into exploited freshwater aquifers have to be expected in 
coastal aquifers, in wadi aquifers receiving limited present recharge, and in aquifers 
with depleting fossil groundwater. The adverse effects of aquifer overexploitation are 
generally well known (Simmers et al. 1992). Evident problems resulting from 
overexploitation of aquifers in coastal areas are: 

Lowering of groundwater levels and reduction of well yields, with an 
adverse impact on the cost/benefit ratio of groundwater use for irrigation; 

Deterioration of groundwater quality through intrusion of brackish or 
saline water induced from the lowering of hydraulic heads in freshwater 
aquifers; 

(b) Infiltration of domestic sewage from unsewered sanitation, leaking sewers 
or sewage oxidation lagoons can create severe contamination of water supply wells or 
springs, particularly through contents of bacteria and viruses and elevated N 
compounds. N contents may exceed drinking water standards in extended parts of 
affected aquifers. An increase of total salinity and of major ion concentrations, such 
as Cl and SO4, caused by sewage contamination may affect the suitability of 
groundwater use for various purposes. Elevated NO 3  contents in groundwater from 
shallow aquifers are reported from many locations in Jordan, Lebanon, the Syrian Arab 
Republic and the Gaza Strip (Bockh et al. 1970, UNDP 1970, Rimawi 1985, 
Selkhozpromexport 1974); 
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irrigation return flow can create an ongoing increase in the salinity of 
groundwater, affecting its ability to be used for irrigation. Additionally, residues of 
fertilizers and pesticides in irrigation return flow can endanger drinking-water quality; 

Infiltration of untreated industrial wastewater can increase concentrations 
of various substances above drinking-water quality values: total salinity, major 
constituents, organic compounds and trace metals. A substantive increase of total 
salinity and major constituents can also adversely affect the suitability of the 
groundwater for other uses, e.g. for industrial activities. Trace metais, usually 
contained in industrial waste- waters, can be adsorbed to a considerable amount in the 
unsaturated zone; the specific hazard of trace metal contamination of gr3undwater 
depends, apart from the contaminant load, on the local hydrogeological conditions. A 
particular threat to water quality stems from the extensive use of organic solvents 
(chlorinated hydrocarbons) in modern industrial activities. Recommended maximum 
concentrations of chlorinated solvents are according to WHO guidelines, e g. 30 g/l 
for trichioroethylene and 10 g/l for perchloroethylene. The low guideline levels of 
these substances are based on their carcinogenic effects. The chlorinated solvents have 
a relatively low solubility in water. Contaminations of chlorinated solvents remain 
therefore in the subsurface mainly in an immiscible phase which has a higher density 
than water and can therefore penetrate into deeper parts of aquifers, even against 
upward hydraulic pressure. The solvents can accumulate on top of low-permeability 
layers and can, since they are very persistent, remain there as long-term contaminants; 

Solid waste disposal is an important source of subsurface contaminant 
load. If waste disposal sites are properly located, constructed and managed, the 
subsurface contaminant load is likely to be small in volume and low in hazard, unless 
very hazardous wastes are involved. The actual contamination hazard depends on local 
factors: the composition of the leachate, the technical construction of the disposal site 
and the hydrogeological conditions. 

D. CONSERVATION OF WATER QUALITY IN EXPLOITED 
OR EXPLOITABLE AQUIFERS 

1. General considerations 

In order to develop a policy to maintain the groundwater quality in exploited 
aquifers in the ESCWA region, the following specific regional conditions of 
groundwater occurrence and groundwater use have to be considered: 

(a) 	Resources of fresh groundwater are restricted to areas with favourable 
climate conditions and to very limited areas in the dry parts of the region; 
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A high percentage of the extracted groundwater is used for irrigation (70% 
to 80% in some countries), and domestic use accounts for up to 25% of total water use 
in individual States. 

Depth-to-groundwater is considerable in wide areas. Significant hazards 
of groundwater contamination are, under the prevailing climatic conditions, restricted 
to limited areas: (i) uncovered karst aquifers in semi-humid zones with intensive land 
use; and (ii) areas where localized groundwater recharge is elevated by natural or man-
made reasons (wadis with significant run-off, irrigations areas, and areas where 
domestic or industrial sewage waters infiltrate into the subsurface); 

If contaminants have reached the groundwater, the effects of flushing or 
dilution of the contaminants by current freshwater recharge are generally low. 

In the ESCWA region, groundwater is used primarily for the domestic water 
supply and for irrigation, agricultural and industrial activities. In view of the 
sensitivity of drinking-water supplies to water quality changes and the vital importance 
of safe drinking-water, the first priority for groundwater quality conservation has to be 
attributed to resources used for the domestic supply: 

Wells or springs used for the central piped water supply; 

Wells or springs used for the local supply, e.g. in villages; 

Groundwater occurrences with drinking-water quality which are potential 
sources for future domestic supply. 

In aquifers exploited for irrigation, acceptable levels of total salinity and Na 
contents have to be maintained. The industrial water supply generally requires low to 
moderate levels of total salinity, Cl and hardness (concentration of earth alkaline 
cations, HCO 3  and SO4 ). 

Groundwater quality protection policies in the ESCWA member countries should 
include: 

Technical measures to prevent intrusion of brackish or saline water; 

Establishment of protection zones to avoid contamination of drinking-
water supplies from the surface; 

Investigations to obtain the necessary information on hydrogeological and 
hydrochemical conditions and possible contamination sources; 

Groundwater quality monitoring. 
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2. Protection against intrusion of brackish or saline water 

Prevention of intrusion of water with higher salinity into freshwater aquifers 
requires the maintenance of a hydraulic equilibrium between exploited freshwater and 
brackish saline water which may intrude from adjacent aquiferous horizons or aquifers 
or from surface-water bodies (saline lakes, sabkhas or sea water). Very few technical 
options are available to prevent the intrusion of the naturally occurring saline or 
brackish water. Possible measures are part of a groundwater management policy 
through which overexploitation of aquifers, which leads to aquifer depletion and/or 
groundwater quality deterioration, is avoided. In many cases, safe groundwater 
management will require a drastic reduction of groundwater abstraction in areas 
endangered by salt-water intrusion, an option which is generally not appreciated by 
groundwater users. 

The following measures may, to a limited extent, reduce the dangers of salt-
water intrusion into endangered freshwater aquifers: 

(a) 	Optimization of the distribution and the depth of extraction wells. This 
can generally be achieved only if a detailed knowledge of the hydrogeologic, hydraulic 
and hydrochemical conditions is available. An efficient design of well fields may have 
to be supported by groundwater simulation modelling (van der Gun 1992); 

(b) 	Optimization of groundwater extraction may include pumping of brackish 
or salt water in order to maintain the freshwater-salt water equilibrium. Extraction and 
desalination of brackish water may be considered under certain hydrogeological 
conditions. The high costs involved may be balanced by: 

A reduction of dangers of intrustion of brackish water into freshwater 
aquifers; 

Provision of desalinated water; 

Efficient hydrologic and economic management of groundwater exploitation and 
groundwater use will, however, be necessary; 

(c) 	Increase of recharge through artificial infiltration of surface water run-off, 
e.g. through wadi dams. Wadi dams have been constructed in many parts of Western 
Asia with the aim of preventing surface run-off into the sea or into depressions where 
the surface water is, to a large extent, lost by evaporation and, at the same time, to 
increase the quantity of groundwater recharge. It is highly recommendable to make 
an overall assessment of the benefits obtainable by this technology, considering 
investments, technical design, accompanying investigations and quantities of induced 
recharge; 
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Build-up of hydraulic barriers to avoid salt-water intrusion. Artificial 
hydraulic barriers may be considered, in particular, to counteract imminent sea-water 
intrusion. A major constraint to this technology in Western Asia is the non-availability 
of the necessary quantities of water which have to be infiltrated. A promising option 
in some areas may be the infiltration of treated wastewater in coastal areas. This may 
be feasible if: 

Considerable quantities of wastewater with low to moderate salinity are 
available; 

The hydrogeologic situation allows a cost-efficient infiltration of 
significant quantities of water in the area of the salt water/freshwater 
interface, e.g. through infiltration trenches; 

Detailed knowledge of hydrogeologic, hydraulic and hydrochemical conditions and 
supporting groundwater simulation modelling is, in general, required for the design of 
such measures. 

3. Protection against contamination from the surface 

(a) Protection of wells (boreholes) used for central water supply 

To design an efficient protection system for production boreholes used for the 
central water supply, the conception of groundwater protection zones commonly 
applied in European countries may be adopted with modifications as required according 
to the regional and local conditions. 

The conception of protecting drinking-water sources (boreholes or springs) 
generally has three categories of groundwater protection (van Waegeningh 1985, 
DVGW 1975, Adams and Foster 1991): 

Protection of water supply wells against direct contamination (immediate 
protection zone, operational courtyard); 

Protection of water supply wells against degradable contaminants, 
particularly bacteria and viruses (inner protection zone); 

Protection of the catchment area of water supply wells against non-
degradable and persistent contaminations (outer protection zone). 

According to the specific protection requirements of the immediate, inner and 
outer protection zones, different restrictions on land use apply in each of these zones. 
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(b) Protection of local water supply sources (shallow wells, springs, boreholes) 

For local water supply sources, which may consist of single or several supply 
points with or without a distribution network, the same protection requirements apply, 
in principle, as for central water supply wells. However, strict protection measures 
may not be practicable in many locations, and minimum protection requirements have 
to be defined. The following minimum precautions should be considered: 

Protection of water supply sources against direct contaminatirn through 
adequate well design or spring capturing and delimitation of an operational courtyard; 

Abandoning water from shallow wells or springs located within larger 
settlements and replacing it with wells upstream of the inhabited areas; 

Maintaining minimum distances between water supply sources and 
adsorption pits or other facilities of sewage infiltration; 

Limitation of application of fertilizers and pesticides around vater supply 
sources located within irrigation areas. 

(c) Protection of water quality in aquifers potentially used for the watt r supply 

Most of the important aquifers in Western Asia are intensively exploited. 
Unused groundwater occurrences, which may provide resources for the future water 
supply, are limited. Future domestic supplies may, however, rely on groundwater 
resources which are, at present, used primarily for irrigation. In order io maintain 
adequate water quality for the domestic supply in vulnerable aquifers within irrigation 
areas, control and management of groundwater extraction and of land use is required. 
The main tasks involved are: 

Avoiding an increase in salinity and major ion concentrations, which affect 
the suitability of water use for the domestic supply and irrigation; 

Avoiding the introduction of residues of fertilizers and pesticides which 
may render the water quality inadequate for domestic use. 

The danger of increased groundwater salinity in irrigation areas can be reduced 
through optimization of irrigation practices. No reliable information is available on the 
impact of fertilizer and pesticide use on groundwater quality for the specific conditions 
of Western Asia. It appears recommendable to assess related contamiration risks 
through research studies in pilot areas. Particular hazards of groundwater 
contamination can occur where untreated wastewater is used for irrigation above 
vulnerable aquifers. 
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4. Investigations 

In order to design appropriate measures to maintain groundwater quality that is 
threatened by salt-water intrusion or contamination from the surface, adequate 
information on hydrogeological and hydrochernical conditions and possible 
contamination sources is required. This information must generally include: 

Natural groundwater quality and the current state of groundwater quality; 

Distribution of groundwater salinity within aquifers or aquifer systems; 

Temporal variations of groundwater quality; 

Groundwater flow conditions, hydraulic conditions and interrelations 
between different aquifers. 

The following basic information may additionally be required: 

For aquifers endangered by salt-water intrusion: quantitative assessments 
of exploitable groundwater and of groundwater extraction; 

For aquifers endangered by contamination from the surface: assessment 
of land use with particular attention to hazardous activities. 

The required information on groundwater quality can be obtained from: 

Groundwater quality records, where available; 

Surveys of groundwater salinity and hydrochemistry using existing 
sampling points: shallow wells, springs and boreholes; 

Drilling and sampling of investigation boreholes; 

Monitoring of groundwater quality at existing observation points or 
especially constructed observation wells. 

5. Groundwater quality monitoring 

Groundwater quality monitoring is an essential tool for the conservation of the 
quality of groundwater resources. The main tasks of groundwater quality monitoring 
in Western Asia will probably be: 

(a) 	The control of intrusion of brackish or saline water into exploited aquifers; 
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(b) Observation of contamination of vulnerable aquifers through human 
activities, such as waste disposal or irrigation agriculture. 

Accordingly, monitoring networks will generally have to be designed for limited 
areas where specific problems of groundwater quality are expected. Monitoring 
programmes may be based on sampling of existing production boreholes, grab 
sampling from non-pumped wells or the installation of purpose-drilled monitoring 
boreholes. The type of sampling, parameters to be determined and the spacing of 
monitoring points has to be defined individually for each monitoring area according 
to the specific objective, hydrogeological conditions as well as available technical 
facilities. Programmes for groundwater quality monitoring have been established to 
a wide extent in Europe and North America. Guidelines and recommendations have 
also been formulated for groundwater quality monitoring in countries of Latin America 
(Fosters and Gomes 1989) and the ESCAP region (Bangkok action plan for regional 
groundwater quality, ESCAP 1991). 

The Bangkok Action Plan includes the following recommendations regarding 
groundwater quality monitoring: 

"The main objective of groundwater quality monitoring is the identification of 
groundwater quality problems which include coastal saline intrusion, and man-
made point source and diffuse source contamination. It is necessary to assess 
the seriousness and impact on health and the environment, and the economic 
losses from groundwater contamination. Baseline data are required to define the 
existing situation and continuous monitoring is needed to assess trends." 

The Bangkok Action Plan calls for training of personnel, cooperation among 
neighbouring countries and applied research in priority topics (ESCAP 1991:6). 

The guidelines for Latin American countries include more technical cnclusions. 
The main objectives of groundwater quality monitoring are: 

"To provide an early warning of the onset of aquifer contamination or 
pollution threat to water supply boreholes, or to define the precise distribution of 
contaminants in an already-polluted aquifer;" 

"The surveillance of potable water-supply quality." 

"Traditional methods, such as sampling production borehole discharge or grab 
sampling from non-pumped boreholes, will often have severe limitations." 

"Many improved sampling techniques have now been developed... but these can 
be expensive and require importation" (foreign exchange). 
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"The necessity for hydrogeological expertise, and for understanding the 
groundwater flow regime, in the design of monitoring networks and the 
interpretation and application of monitoring results cannot be overemphasized" 
(Foster and Gomes 1989:96). 

The formulation of general guidelines for groundwater quality monitoring with 
specific consideration of the conditions of the ESCWA region appears highly 
recommendable. 
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VII. DEVELOPMENT OF WATER QUALITY INDICES FOR 
SUSTAINABLE DEVELOPMENT (A CASE-STUDY) 

A. RATIONALE 

Chapter 40 of Agenda 21 calls for the development of indicators of sustainable 
development. In particular, it requests countries at the national level, and international 
governmental and non-governmental organizations at the international level, to develop 
the concept of indicators of sustainable development. In its 1995 work programme, 
the Commission on Sustainable Development (CSD) grouped the desired indicators into 
four categories, namely economic, social, institutional and environmental. 

It is virtually impossible to collect all of the data generated by the 
implementation of Agenda 21. Furthermore, even if available, these data might be 
meaningful for specific activities or sectors, but it is unlikely that they would tell us 
much about sustainable development without a higher order level of interpretation. 
Such interpretation requires an understanding of the following: 

What is important (parameters)? 
What is representative (indicators)? 
What can be aggregated (indices) and how? 
What can be interlinked to describe sustainable development? 

The information needs of decision makers are described as a pyramid having the 
following structure: 

Primary data comprises the broad base or foundation information (highly 
technical); 

Analysed data as the next level (moderately technical - interpreted data); 

Indicators as the third level (slightly technical - indicative data); 

Indices as the last or tip level (slightly technical to mostly descriptive - 
aggregate data). 

The highly aggregated indicators, or indices, which represent the tip of the 
information pyramid, depend on understanding the linkages among groups of 
indicators, either within a single cell, or across cells. Aggregating and developing 
indices reduces the number of indicators and adds analytical and interpretative value 
to the process. It also increases the value content: in order to design an index, for 
example, decisions have to be made about how to weigh indicators relative to each 
other. In sustainable development, with the tensions between environmentalists and 
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advocates of development, countries may differ markedly in their approach to relative 
weights. 

In a study commissioned by UNEP, Bakkes et at. (1994) stressed trie need to 
focus on the quality of environmental subsystems such as soil, water and air. In the 
water subsystem, Water Pollution Indices (WPI) have the merit of being used 
independently as excellent tools for the management of water quality. They are 
extremely useful in compiling and reducing large amounts of data to a simple and 
single index value which permits communication between technicians and others. In 
addition, WPI can be used to detect trends, compare different water resources, classify 
water according to quality, and finally, determine the degrees of success or failure of 
ongoing national water pollution abatement programmes. Politically, WPI can also be 
used to justify major expenditures, allocate budgets and communicate technical 
information to decision makers and the public at large. 

The objective of this paper is to analyse, modify and elucidate the methodologies 
which can be implemented to develop WPI in the ESCWA region. A case-study done 
on a research basis in Egypt is used to illustrate the applicability of the WPI 
developed. Steps involving the interlinking of economic, social, institutional and 
environmental indicators are considered the most critical and difficult aspects of 
developing indicators. Understanding the linkages among the indicators and ensuring 
that the sum of these linkages describes a whole process of sustainable development 
is a multidisciplinary joint effort task that should be developed at a later stage. 

B. NECESSITY OF INDICATORS OF SUSTAINABLE DEVELOPMENI 
IN THE ESCWA REGION 

The primary focus of chapter 40 of Agenda 21 and the CSD is to furnish 
indicators that can provide an important measure with which to evaluate sustainable 
development processes in a simple and comprehensible manner. Several basic uses of 
indicators of sustainable development from which ESCWA member countries can 
profit are the following: 

To assist decision makers at the national level in monitoring progress 
towards sustainable development, in developing policies, in evaluating the effectiveness 
of these policies and in allocating available resources; 

To provide scientists with a tool to further their understanding of the 
impact of developmental activities on natural phenomena and trend analysis; 

To support citizens, either through governmental or non-governmental 
organizations, by giving them the means to focus their data collection, define their 
remedial action and plan for their lobbying campaigns; 
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To supply methods for regional or global assessment by zoning, ranking 
and comparing uniform national-level indicators. This will help in developing early 
warning systems for sustainable development and in designing policies that are truly 
responsive to the needs of countries; 

To grant countries the means to facilitate and enhance national reporting 
to the CSD and other intergovernmental fora; 

To provide the international community with specifically designed 
indicators to interpret and communicate changes in issues such as global climate 
changes or fish stocks. This will help national decision makers in formulating their 
policies, including decisions to engage in international, regional or even bilateral 
negotiation conventions and ratifying agreements; 

To provide the local authorities with an instrument to develop policies, 
monitor performance and raise sustainable development public awareness in their 
communities. 

C. DEVELOPMENT OF WPI 

A WPI can be developed by reducing measurements of two or more water 
quality variables to a single number or a set of numbers, words or symbols that retain 
the meaning through a sequence of mathematical manipulations. Conceptually, a WPI 
is viewed as consisting of two fundamental steps: 

Calculation of the sub-indices for the pollution variables used in the index; 
Aggregation of the calculated sub-indices into the overall index. 

Take, for example, a set of observations for z quality variables, in which X 1  
denotes the observed value for the first quality variable, X 2  denotes the observed value 
for the second quality variable, and X denotes the value of zth  pollutant variable. 
Then the set of observations is denoted as (X 1 , X 2 , X3, ..., Xi). For each single water 
quality parameter variable X, a sub-index I is computed using sub-index function fz 

I = fz(X) 	...............(1) 

Each sub-index function is intended to represent the environmental 
characteristics of the particular water quality variable. It may consist of a simple 
multiplier, or the quality variable raised to a power, or some other functional 
relationship. Once the sub-indices are calculated, they should be aggregated together 
in a second mathematical step to form the final index: 

I = g(T 1 ,I2 ,I 3
, ... ,

I) 	 (2) 
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The aggregation function, equation 2, usually consists either of a summation 
operation in which individual sub-indices are added together, or a muftiplication 
operation, in which a product is formed from some or all of the sub-indices, or a 
maximum operator, in which only the maximum sub-index is reported. 

The overall process-calculation of sub-indices and aggregation of sub-indices to 
form the WPI can be presented in the flow diagram illustrated in figure 1. In this 
process, the information contained in the water quality raw data flows from left to right 
and is reduced into a more economical form. Some detailed information might be lost 
during such a process; however, precautions should be taken to avoid or minimize such 
a loss. If unavoidable, the information loss should be of such a nature that it does not 
cause the results to be distorted or misinterpreted. 

Figure 1. Information flow process in the development of water quality indices 
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D. SELECTION OF WATER QUALITY PARAMETERS ON WHICH THE INDEX IS BASED 

Theoretically, and according to Nemerow (1985), any number of water quality 
characteristics could make up WPI. However, too large a number would constrain the 
index use. Therefore, it appears practical to use only those characteristics which are 
of the greatest significance. 

It is very important to hold meetings with the national or local authorities 
responsible for environmental management to set the criteria applicable for the 
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selection process in each specific area. This step can be followed by the actual 
selection of water quality characteristics to be incorporated into the WPI. However, 
the following general criteria controlling the selection process were found to be 
applicable in almost all cases: 

Water pollution parameters that are routinely monitored. It would be 
pointless to include characteristics that are not generally measured; 

Water pollution parameters which represent a potential public health threat, 
such as indicators for pathogens, carcinogens and toxins; 

Water pollution parameters which represent potential non-health related 
effects, such as damage to aquatic ecology and economic loss. These parameters could 
include biochemical oxygen demand (BOD), nutrients, pH and turbidity; 

Water pollution parameters that were often found to exceed the maximum 
allowable concentration (MAC); 

Experience gained from other parts of the world, particularly the United 
States of America and Canada. 

In order to permit comparisons of water quality from one area or country to 
another, it is desirable to select water quality variables that are generally significant in 
most parts of the country or region. 

In the present case-study, the selection of parameters was based on the extensive 
investigation conducted by Brown et al. (1970), in which a panel of 142 of the most 
recognized experts in the field of water quality management in the United States were 
asked to select the 35 most substantial parameters for possible inclusion in a WPI. 
These 35 parameters were narrowed down to 9 parameters following a series of 
modifications through additional questionnaires coupled with statistical analysis to 
determine the most significant ones. The most prominent parameters were found to 
be the following: 

Dissolved oxygen (DO) 
Fecal coliform density (MPN/lOOml) 
pH 
Biochemical oxygen demand (BOD) 
Nitrate 
Total phosphate 
Temperature C° 
Turbidity 
Total solids (T.S.) 
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In the present case-study, provisions were made concerning pesticides and toxic 
elements. For pesticides it is proposed that if the total content of detected pesticides 
(of all types) exceeds 0.1 mg/I (100 ppb), the water should automatically be registered 
at the highest value on the WPI scale. The suggested procedure for including toxic 
elements and substances in the WPI is based on the setting of accepted values for 
critical allowable upper limits for the presence of each of these elements or substances. 
If any of the toxic elements exceeds its assigned upper limit, the WPI will 
automatically designate this water as highly polluted. The maximum permissible levels 
included in the Egyptian Clean Water Act (ECWA) 48/1992 were observed in 
calculating the WPI. 

E. DEVELOPMENT OF FUNCTIONS FOR SUB-INDICES 

To develop a WPI, the mathematical function to be used to calculate the sub-
indices must be defined. It is fundamental to find valid mathematical functions 
relating WQ variables to their effects on man and the environment (sub-index). Such 
a relationship is usually called "damage function" or "dose-effect function". The 
simplest form of sub-index function as it appears in literature (Ott 1978; Smith 1989; 
Khordagui and Al-Ajmi 1993; Khordagui and Al-Ajmi 1994); Barbiroli et al. 1992 and 
Smith, 1989) is the linear function. With this function, a direct proportion exists 
between the sub-index and the WQ variable. That is, a doubling of quality variable 
X results in a doubling of sub-index I. These functions were found to be perfectly 
suitable for defining air quality sub-indices. However, when examining water quality 
variables such as pH, temperature and DO, much more complicated implicit non-linear 
functions were exhibited, some of them with bell curves as illustrated for pH in 
figure 2. 

Figure 2. Example of implicit non-linear sub-index function for pH 
from a water quality index proposed by Brown et al. (1970) 
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In an effort to solve this problem, Brown et al. (1970) sent another questionnaire 
asking the respondents to develop a rating curve for each of the nine individual 
variables selected. This was accomplished by providing blank graphs to each 
respondent. Levels of water quality (sub-indices I) ranging from 0 to 100 were 
indicated on the ordinate of each graph, while various levels (or strengths) of each 
particular variable were arranged along the abscissa. The respondents were asked to 
draw a curve on each graph which, in their judgement, represented the variation of 
water quality produced by the various quantities of each quality variable. Brown et 
al. (1970) subsequently averaged the curves from the respondents to produce a set of 
"average curves", one for each variable. These averaged curves were used to 
determine the sub-index values. 

Khordagui and Sharkawi (1988) noted that the relationships drawn by Brown et 
al. (1970) were solely based on the personal judgements of American experts. The 
former analysed these relationships and realized that they suffered from the following 
disadvantages: 

They had a relatively wide range of variability. 

They reflected the personal beliefs, experiences and perceptions of 
American experts who were most likely influenced by the imposed American water 
quality standards; 

They were an untenable choice for a water quality index (WQI) to be used 
regularly on a regional or national level; 

They were not specified for any particular water use; 

They were based on personal opinion and not on scientific grounds. 

In an effort to solve these problems, Khordagui and Sharkawi (1988) established 
relationships between WQ variables and sub-indices. These relationships are 
established by relating each WQ variable to its MAC. The primary problem they faced 
was how to integrate the independent multiple items of WQ variables into a common 
expression. It has been noticed that there is often little correlation between the 
significance and the dimension of each pollutant. For instance, 1000 (MPN/100 ml) 
in coliform count when related to some kind of standard value of 200 (MPN/100 ml) 
can relatively be expressed as 5 (1,000/200=5) which is a non-dimensional relative 
value. 

When the multiple items of water qualities are expressed as X. and the 
permissible levels of the respective items for a particular use are expressed as S,,, the 
WPI for the use ii may be expressed as a function of the relative value I or (X/S). 
Here z is the number of Z1h  parameter of water pollution and n is the number of the n th 

water use: 
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WPI = f(X/S, X2/S,,,, X 3/S, x4IS4 	., XZ/S) 	. 	(3) 

Each value of I or (XJS,,) shows the relative quality contribution of a single 
item. A value of 1.0 is the critical value for each sub-index I or (X)S,,). Values 
greater than 1.0 indicate that the water exceeds the maximum allowable concentration 
for that specific parameter z for the specific use n. 

Similarly, when combining several parameters (X z/Sm )S into a common index, 
values > 1.0 signify a critical condition. For instance, when the quality of a sample 
of water is expressed as BOD (X 1 ) = 10.0 mg/I, coliform bacteria (X2) = 1,300/100 ml, 
and hardness (X 3) = 80 mg/I, and their permissible levels for a particular use n are 
given as BOD (S 1 ) = 20 mg/I, coliform (S 2 ) = 1,000/100 ml, and hardness (S 3 ) = 100 
mg/I, then (I = X,/S 1 , = 0.5), (1 2  = X2/S 2  = 1.3) and (1 3  = X 3 /S 3  = 0.8) and the water 
is judged as polluted. 

The advantages associated with the use of the given functions for the 
determination of sub-indices are the following: 

They can be applicable to any water use by inserting the proper 
permissible level for this particular use; 

They can accommodate any number of WQ variables as long as their 
MACs are available; 

They are based on solid scientific foundations extending from the 
knowledge used to develop the MAC; 

They can be universally applicable following minimal modifications. 

It is important to note that, unlike air quality, every item of WQ does not always 
increase as pollution increases. Most organic and inorganic ions increase in 
concentration as pollution increases. However, pH values vary with pollution, ranging 
from 0 to 14. Dissolved oxygen, for example, also usually decreases within a limited 
range as pollution mounts. In addition, it is common to specify the permissible level 
by a range of values, such as pH from 7.0 to 8.5. In these cases, the (Xz/Sm) values 
cannot be calculated in the same ways as previously suggested. Some mathematical 
manipulations are needed. For WQ variables that decrease in value as pollution 
increases, transparency and DO are good examples of these WQ variables. In this 
case, the (X)S,,) will have the following form: 

= (Z/S,,) = (Xmax - X)/(Xmax - S 1,) ................(4) 

Where Xmax = practical maximum value as DO saturation concentration at 
certain temperature. 
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For instance, if DO max=8.0 mg/i, and the maximum permissible DO according 
to the applied standard is 5.0 mg/I and the measured DO in the water body is 4.0 mg/I 
then: 

= (X7/S,) = (8.0 - 4.0)/(8.0 - 5.0) = 4/3 = 1.33 

For the contaminants which have permissible ranges, temperature and pH are 
good examples of these WQ variables. In this case the mean value of S. should be 
calculated by averaging the s min and S. max. 

S. mean = (Sm  mm + S. max) /2 ................. (5) 

I = (X/S,) = (X2  - m mean) / (Sm m in** or Sm max** - S mean) ..........(6) 

where ** means to use whichever value is closer to the existing X value. For 
example, if the maximum allowable pH = 8.5 and the range is 7.0 to 8.0 when the 
measured pH = 10 then 

I = (X/S) = (10 - 7.75) / (8.5 -7.75) = 2.25/0.75 = 3.0 

F. SELECTION OF AN AGGREGATION FUNCTION 

Once the sub-indices Iz=(X/Sm)  for a particular water use n are calculated, the 
aggregation process starts to reduce the information. This process is the most 
important and complicated step in developing a WPI. This is where most of the 
simplification takes place, and where most of the distortion is likely to be introduced. 
Aggregation of sub-indices reduces the number of sub-indices and adds analytical and 
interpretative value to the process. The normal sequence used to find the most proper 
aggregation function is briefly reviewed below: 

Additive form: this function can be represented mathematically as: 

WPI> z1'z 	(7) 

This function suffered from exaggeration and ambiguity. 

Weighted linear sum form: this function can be represented mathematically 
as: 

z=iz1'z 	(8) 

171 



where 

.(9) 

This function suffered from significant eclipsing. 

Root-sum-power form: this function can be represented mathematically as 
follows: 

9 1/P 

WPI = 	 (10) 

I z=1 

This function suffered from partial ambiguity in case p=2. However, the 
ambiguity was gradually reduced when the power p was raised to higher values. 

Root-mean-square form: this function is similar to the root-sum-square, 
except that the arithmetic mean of the square of the sub-indices is calculated before the 
square root is taken. The general mathematical form of this function is as follows: 

\VPI = [(112)(I 2  + 122 + J32 + ... + j)] 	(11) 

Similar to the weighted linear sum function, this function suffered from two 
eclipsing regions. 

Maximum operator form: the general form of this function is as follows: 

\VPI = Max {1, l, 1, ...,19 } 	.............( 12) 

In this function, WPI takes on the value of the largest of any of the sub-indices. 
It should be noted that the maximum operator aggregation function is nothing but an 
extreme case of the root-sum-power function in which the power p is extended to 
infinity. For different values of two sub-indices, the plot of equation 12 will appear 
as two straight lines joined at right angles, giving the appearance of a square box. 

G. APPLICABILITY OF THE DEVELOPED WPI TO EGYPT 

The application of WQIs is gaining momentum around the world (Khordagui 
and Al-Ajmi 1995; Ott 1978; Bhargava 1983; House 1990; Malin 1984; St-Louis and 
Legendre 1982; Couillard and Lefebvre 1985; Egborge and Benka-Coker 1986; Al-Ani 
1987; Kwiathowski 1988; House and Ellis 1987; Tyson and House, 1989; and House 
and Newsome 1989). As an application of the developed WPI, the quality of the River 
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Nile at Kaft-Al-Zayat some 50 km south of Rosetta was identified. 	The 
implementation of the WPI process was designed to be simple, versatile, flexible and 
suitable for short skills in developing nations. The applied scheme is summarized as 
follows: 

Determination of the water use (n): due to the lack of environmental 
health awareness in developing nations, the general public is usually unable to 
distinguish between various classes of water uses. Any fresh surface water, particularly 
in rural areas, is likely to be used for washing, irrigation, recreation, fishing and 
sometimes for drinking following minimum treatment. It is then safe to identify most 
of the freshwater resources as for human use. The other two classes of water use 
(indirect contact and remote contact) are nearly nonexistent in rural Egypt; 

Determination of MAC (S): one of the basic advantages of the developed 
WPI is its versatility in accepting any set of standards according to the various water 
uses. In the example presented herein, the implemented standards are abstracted from 
ECWA (48/1982). Any missing value from ECWA was substituted by permissible 
levels from the United States Environmental Protection Agency's Quality Criteria for 
Water (1986); 

Determination of Water Quality (X i): water samples are collected and 
examined for the nine parameters selected for inclusion in the WPI. Usually, the data 
are abstracted from national routine monitoring programmes; 

Determination of sub-indices I=(X/S): these calculations are illustrated 
in table 1; 

Determination of the WPI: apply the maximum operator function and 
report the WPI as 1.62. It is also advisable to report the average of all sub-indices to 
provide the reader with a collective assessment of the overall water quality. Statements 
indicating the reasons for exceeding the WPI critical level of 1.0 is also recommended. 
Five descriptive categories can be used to match the designated water quality (as listed 
in table 2) with its relative sub-index value. A tentative description of the potential 
health effects on the exposed population is provided at each index value. 

The pollutant responsible for the maximum sub-index (in this case coliform 
bacteria) is called the "critical pollutant". For the purpose of completeness, it is 
recommended that the critical pollutant be reported along with the index. However, 
the basic reporting statement for the given application should read as follows: "Today, 
WPI at Kafr-Al-Zayat is 1.62, the use of water for body contact is unhealthy and the 
pollutant responsible is coliform resulting from domestic sewage discharge. No 
pesticides or toxic elements were detected." 
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TABLE 1. CALCULATIONS FOR DETERMINATION OF SUB-INDICES FOR N USE 

Z WQ variable S X (X/S) 
I Temperature 30 26 0.86 
2 Turbidity 40 34 0.85 
3 pH 7.0-8.5 8.1 0.47' 
4 DO 5.0 6.2 0.62 
5 BOD 6.0 6.6 1.10 
6 Coliform (MPN/100 ml) 2 000 3 241 1.62 
7 Nitrate 20 0.64 0.03 
8 Phosphate 5 0.68 0.14 
9 Total Solids 500 260 0.52 

a! 	Value calculated using equation # 6. 
b/ 	Value calculated using equation 4 4. 

TABLE 2. WATER POLLUTION INDICES AND THEIR CORRESPONDING DESCRIPTIVE 
WORDS AND CODING COLORS 

WPI value Descriptor Color code 
0-0.5 Good Blue 
0.5-1.0 Moderate Green 
1.0-2.0 Unhealthy Yellow 
2.0-3.0 Very Unhealthy Orange 
3.0-4.0 Hazardous Red 

H. How TO REPORT A WPI 

The best method of reporting WPI to non-technical sectors, such as the general 
public, students, politicians and decision makers, is through a visual scale or graph, 
accompanied by one of the descriptors. The colors appear well-suited to the perception 
of the general public and are designed to give a subjective impression of a gradual 
worsening or improvement of the water pollution problem with each descriptor. A 
report might include a table containing all the WPI sub-index values, along with sub-
index values for several previous days. Reports to politicians, high-ranking officials 
and funding agencies might include discussions on WPI trends, seasonal variations and 
the point sources or industries frequently responsible for violations of wastewater 
discharge regulations. Graphic presentations, such as that illustrated in figure 3 can 
be employed as a good and accessible tool for conveying technical information. 
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I. CONCLUSION 

WPI, in association with other complementing environmental indicators, can play 
an important role in sustainable development. Steps involving the interlinking of 
economic, social, institutional and environmental indicators are considered as the most 
critical and difficult aspects of developing indicators. The sum of these linkages to 
describe the whole process of sustainable development is a multidisciplinary joint effort 
task that has to be developed at a later stage. The present work is an attempt to 
develop a simple WPI applicable to developing countries. The developed WPI can be 
used independently as an excellent tool for the management of water quality and later 
be integrated into an overall aggregated index for sustainable development. 

The structure of the developed WPI includes nine WQ variables. It incorporates 
linear and non-linear functions for computing sub-indices and is based on a maximum 
operator aggregation function for figuring the overall index. It is flexible enough to 
accommodate amendments in regulations and can be applicable to different water uses. 
It includes five descriptive categories and their corresponding color codes. 

The application of the WQI to Nile water suggests that it can reflect the day-to-
day variations in water quality in a reasonable fashion and appears to be a useful tool 
for representing and interpreting the masses of routinely generated WQ data. It can 
also be used in trend studies to display annual WQ in more descriptive forms for 
politicians, decision makers and non-technical sectors in developing countries. 

Wt 



REFERENCES* 

Al-Ani, M. (1988), "Water quality index for Tigris River classification" J. Biol. Sci. 
Res. vol. 19 (3), pp. 715-32. 

Bakkes, J.A., G.J. Vandenborn, J.C. Helder, R.J. Swart, C.W. Hope, and J.D. Parker 
(1994), "An overview of environmental indicators: State-of-the-art and 
perspectives". UNEP/RIVM 1994. 

Barbiroli, G., P. Mazzaracchio, A. Raggi, and S. Alliney (1992), "A proposal for a 
new method to develop synthetic quality indices for air and water", Journal of 
Environmental Management, vol. 36, pp.  237-52. 

Bhargava, D.S. (1983), "Use of water quality index for river classification and zoning 
of Ganga River", Environmental Pollution (Series B), vol. 6, pp.  5 1-67. 

Brown, R.M., N. McClelland, R. Deininger and R.G. Tozer (1970), "A water quality 
index - Do we dare?" Water Sewage Works, vol. 117, pp.  339-43. 

Couillard, D., and Y. Lefebvre (1985), "Analysis of water quality indices", Journal of 
Environmental Management, vol. 21, pp.  161-179. 

Egborge, A.B., and J. Benka-Corker (1986), "Water quality index: Application in the 
Warri River, Nigeria", Environmental Pollution (Series B) (12), pp.  27-40. 

House, M.A., and D.H. Newsome (1989), "Water quality indices for the management 
of surface water quality", Wat. Sd. Tech. vol. 21, pp.  1137-1148. 

House, M.A., and J.B. Ellis (1987), "The development of water quality indices for 
operational management", Wat. Sci. Tech., vol. 19, No. 9, pp.  145-154. 

House, M.A. (1990), "Water quality indices as indicators of ecosystem change", 
Environmental Monitoring and Assessment, vol. 15, pp.  255-263. 

Khordagui H.K., D. Al-Ajmi, and S. Bu-Nashi (1994), "An index for the management 
of air quality in Kuwait Shuaiba Industrial Area", in "Proceedings of the Second 
Conference on Chemistry in Industry", Manama, Bahrain, October 24-26. 

Khordagui H.K., and F. Sharkawi (1988), "Indexing water pollution in developing 
nations", in The Bulletin of HIPH, vol. XVIII, No. 4, pp.  72 1-32. 

* Issued as submitted. 

177 



Khordagui H.K., and D. Al-Ajmi (1993), "An air pollution index for the Shuaiba 
Industrial Area", EES-1 71 Final Report, Kuwait Institute for Scientific Research, 
KISR publication # 4289. 

Khordagui H.K., and D. Al-Ajmi (1995), "Application of indices for air quality 
management in Kuwait", accepted for publication in Environmental 
Management, in press. 

Kwiathowski, R.E. (1988), "National water quality index network options to consider", 
Water poll. Res. J. Canada, vol. 23, No. 4, pp.  476-86. 

MaIm, V. (1984), "A general lake water quality index", Aqua Fennica, vol. 14:2, pp. 
13 9-45. 

Nemerow, N.L. (1985), "Stream, Lake, Estuary and Ocean Pollution", Van Nostrand 
Reinhold Company, Melbourne, Australia. 

Ott, W. (1978), "Environmental Indices-Theory and practice", Ann Arbor, Michigan, 
Ann Arbor Science Publisher, Ml. 

Smith, D.V. (1989), "A new form of water quality index for rivers and streams", Wat. 
Sd. Tech. vol. 21, No. 2, pp.  123-27. 

St-Louis, N., and P. Legendre (1982), "A water quality index for lake beaches", Water 
Res. vol. 16, pp.  945-948. 

Tyson, J.M., and M.A. House (1989), "The application of a water quality index to 
river management", Wat. Sci. Tech. vol. 21, pp.  1149-1159. 

United States Environmental Protection Agency (1987), "Quality criteria for water 
1986", Office of Water Regulations and Standards, Washington, D.C., EPA 
440/5-86-001. 

178 



VIII. WATER DESALINATION IN SELECTED ESCWA MEMBER 
COUNTRIES: OPPORTUNITIES AND CONSTRAINTS 

Introduction 

The availability of water in the Middle East has, throughout history, affected the 
life and livelihood of the inhabitants. In the past, a remarkable variety of adjustments 
to water supply fluctuations and deficits were made by the indigenous people. 
Recently, the introduction of modern water-lifting and -moving technology has 
contributed to increased water utilization. High population growth and increased 
economic development during the last two decades have rendered traditional water 
resource management practices obsolete and too inefficient to allocate and preserve 
adequately the limited water resources in the Arab world, particularly in some of the 
ESCWA member countries. In addition, the non-sustainable use of natural water 
resources to meet rising water demand has also contributed to water depletion and 
deterioration of quality in available sources. The growing gap between supply and 
demand for water in the ESCWA member countries can be attributed to limited 
availability of surface water, mining of fossil groundwater sources, water pollution of 
particularly the shallow aquifers, deficient institutional arrangement, poor management 
practices, and lack of trained personnel. 

To meet domestic, industrial and agricultural water requirements, some of the 
ESCWA member countries rely on surface water from rivers, while others rely on 
groundwater. Egypt, Iraq, Lebanon and the Syrian Arab Republic may have adequate 
surface water from major rivers to meet water requirements for the immediate future. 
However, the headwaters of most of the major rivers are located outside the borders 
of the Arab countries, a fact that further compounds the water-related problems in 
these countries. Other countries, particularly those located in the Arabian Peninsula, 
depend on renewable shallow and deep fossil groundwater and on desalinated sea 
water. 

An important aspect of the water problems in the ESCWA member countries is 
the fact that most are situated in and and semi-arid zones. The major portion of the 
ESCWA region is considered to be desert, with the exception of Lebanon, the Syrian 
Arab Republic, parts of Iraq and Jordan, and a narrow strip of irrigated land adjacent 
to the Nile River in Egypt. Availability of natural water resources varies from country 
to country depending on hydrogeological setting. The northern ESCWA member 
countries have relatively dependable surface water sources owing to seasonal rainfall, 
regulated river flow, and renewable groundwater reserves sufficient to meet current 
water requirements. On the other hand, the countries located within the Arabian 
Peninsula are devoid of rivers, have harsh climates, are experiencing large urban 
expansion and rapid economic growth, and depend mainly on fossil groundwater and 
desalinated water to meet their requirements. Extreme rainfall variation in the region 
has reduced dependence on surface water generated from flooding. Renewable 
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groundwater reserves of the shallow alluvial aquifers, especially those located in 
coastal zones, have limited storage capacity and reserves to meet increasing demand 
for water. In addition, most of these aquifers are subjected to pollution from irrigation 
return flow, wastewater disposal, and salt-water intrusion. The deep groundwater 
aquifers underlying the northern, central and eastern regions of the Peninsula contain 
extensive water reserves. However, water quality within these aquifers deteriorates 
towards the Gulf, where extensive urban population centres are located and where rapid 
economic development is taking place. 

TABLE 1. POPULATION GROWTH OF THE ESCWA MEMBER COUNTRIES 
(Thousands) 

Country 1950 1970 1990 2000 2025 
Jordan 1 237 2 299 4 009 5 624 10 807 
Iraq 5 158 9 356 18 081 24 779 46 260 
Lebanon 1 443 2469 2740 3312 4476 
Syrian Arab 
Republic 3 495 6 258 12 355 17 546 35 250 

Egypt 20 330 33 053 52 519 64 810 93 536 
Saudi 
Arabia 3 201 7 740 14 870 20 667 40 426 

Kuwait 0 152 0 760 2 143 1 718 2 789 
Bahrain 0 116 0270 0503 0653 1 014 
Qatar 0025 0 171 0427 0 542 0 731 
United Arab 0 505 1 589 1 970 2 792 

Emirates 0 070 
Oman 0 433 0 750 1 524 2 168 4 705 
Yemen 4316 7480 11684 16424 34237 
Total 39956 71111 122445 160213 277023 

Another factor that further compounds the regional water problem is the high 
population growth rate. The population of the ESCWA region was estimated at 122.2 
million in 1990 and is expected to reach 160.2 million and 277 million in the years 
2000 and 2025, respectively (United Nations 1994), as shown in table 1. Rapid 
population growth, along with the urbanization and improvement in the standard of 
living experienced during the last decade, have brought about substantial water demand 
increases and have resulted in overexploitation of natural water resources. This, in 
turn, has resulted in the construction of a large number of desalination plants with 
large water production capacities and excellent water quality for all the Gulf countries 
of the Arabian Peninsula. To meet water supply shortages in the domestic sector, 
water desalination presented a viable option for many countries in the region. The 
experiences of a number of countries in the Arabian Peninsula has demonstrated that 
water desalination has become a main and dependable water source. Even though the 
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cost of desalination is relatively high, the countries of the Peninsula have limited 
prospects for additional water without depending on desalination. Reuse of renovated 
wastewater is a viable option to increase water supplies for industrial and agricultural 
purposes. To overcome supply limitations, all feasible options must be evaluated, 
including desalination. 

To overcome future problems of water supply limitations and increasing water 
demand owing to high population growth and excessive consumption, all countries in 
the ESCWA region, particularly the Gulf States, need to implement and enhance water 
management practices and invest in water desalination and wastewater treatment 
technologies to provide additional sources. In addition, efficient management of the 
water resources of the ESCWA region requires undertaking of strategic planning in 
order to formulate and implement water policies that emphasize holistic and integrated 
management practices. 

This paper investigates the role of water desalination in meeting water demand. 
Emphasis is placed on water desalination technology and trends, production cost and 
its role in meeting water demand in a number of ESCWA member countries of the 
Arabian Peninsula. Emphasis is also placed on addressing the water resources situation 
in those countries which have bridged the supply-demand gap through dependence on 
desalination for their domestic water requirements. 

B. WATER RESOURCES 

The Arabian Peninsula has a harsh environment and is devoid of natural surface 
water bodies such as rivers and lakes. The natural water resources consist of limited 
quantities of run-off resulting from floods, groundwater in the alluvial aquifers, and 
extensive groundwater reserves in the deep sedimentary aquifers. The supplementary 
non-conventional sources are those from desalinated sea and brackish water and 
renovated wastewater. 

Surface water: Run-off occurs mainly in the form of intermittent flash floods, 
governed by rainfall patterns and topographical features over the Arabian Peninsula. 
Average rainfall values have little meaning since many areas receive no rainfall for 
months or even years owing to extremely random storm patterns. Intermittent surface 
run-off volume in the Peninsula is estimated at 6.8 billion cubic metres (bcm) 
(Abdulrazzak, 1995). Run-off variation and utilization in each country of the 
Peninsula is shown in table 2. The annual run-off volume generated in south-western 
Saudi Arabia and Yemen is estimated to be 1,450 million cubic metres (mcm) and 
2,100 mcm, respectively. The national totals for Saudi Arabia (Authrnan 1983, BAAC 
1980) and Yemen (Mohamed 1986, Al-Fusail et al. 1991) are estimated at 2,230 mcm 
and 3,500 mcm, respectively. Amounts of surface water available in Oman 
(El-Zawahry 1992) and the United Arab Emirates (Al-Asam 1992, Uqba 1992) were 
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estimated at 918 mcm and 150 mcm respectively. The remaining countries have only 
negligible amounts of surface run-off. 

In general, utilization of surface run-off is directed towards traditional flood 
irrigation, especially in the south-western region of Saudi Arabia and most of Yemen. 
In addition, the regulated and unregulated flood flow is the main source of 
groundwater recharge for the aquifers. Approximately 195 dams of various sizes have 
been constructed in Saudi Arabia for purposes of flood protection and groundwater 
recharge with a combined storage capacity of 475 mcm. Fifty-two dams have been or 
are being constructed in Yemen, the United Arab Emirates and Oman. 

Shallow alluvial aquifers: Alluvial deposits along the main wadi channels and 
the flood plains of drainage basins make up the shallow groundwater system in the 
Peninsula. Groundwater in the shallow aquifers is the only renewable water source 
that these countries possess. The shallow aquifers in the eastern part of the Peninsula, 
particularly in the United Arab Emirates and Oman, are generally thicker and wider 
than in the western part, while alluvial thickness in the inland basins is greater than 
those of the coastal basins. Alluvial aquifer thicknesses generally range from 20 to 
200 metres, with the exception of the coastal areas of Oman, where thicknesses may 
reach 400 metres. The width of these alluvial aquifers may range from a few hundred 
metres to several kilometres. The widths of the aquifers decrease in a southerly 
direction for basins on both the western and eastern coasts. The coastal alluvial 
aquifers are subject to salt-water intrusion, especially on the Gulf, owing to extensive 
groundwater withdrawal. Shallow aquifer water quality is generally good with total 
dissolved solids ranging from 300 ppm to 3,000 ppm. Combined reserves of the 
alluvial aquifers shown in table 2 are estimated at 131 bcm (Abdulrazzak 1992, Shahin 
1989, Khoury et al. 1986), with the largest reserves for the large number of basins in 
Saudi Arabia estimated at 84 bcm (BAAC 1980, MAW 1984, Ukayli 1988). 
Groundwater from the shallow alluvials is used mainly for domestic and irrigation 
purposes. 

Fossil groundwater aquifers: The other main source of water for the countries 
of the Arabian Peninsula is the non-renewable fossil groundwater stored in the 
sedimentary deep aquifers. The Arabian Shelf geological formations of sandstone and 
limestone, shown in figure 1, store significant amounts of groundwater that are 
thousands of years old (Burdon 1973, Edgell 1987). Those sedimentary aquifers have 
been classified as either primary or secondary based on their aerial extent, 
groundwater volume, water quality and development potential (MAW 1984). The 
primary aquifers are the Saq, Tabuk, Wajid, Minjur-Druma, Wasia-Biyadh, Dammam, 
Umm er Radhuma, and Neogene. The latter two are carbonate aquifers while the 
remainder are sandstone. Secondary aquifers are the Aruma, Jauf, Khuff, Jilh, Sakaka, 
the upper Jurassic, the lower Cretaceous, and Buwaib. These aquifers cover two thirds 
of Saudi Arabia, and some of them extend into Kuwait, Bahrain, Qatar, the United 
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Arab Emirates, Oman and Yemen as well as into Jordan, Iraq and the Syrian Arab 
Republic. 

Vast amounts of groundwater stored in the primary deep aquifers serve as a 
dependable source of water for the central and northern regions of Saudi Arabia and, 
to a lesser extent, the other countries of the Peninsula. Deep groundwater reserves for 
the aquifers in the Peninsula are estimated at 2,175 bcm with the major portion (1,919 
bcm) located in Saudi Arabia. Recharge for all the deep aquifers is estimated at a very 
limited 2.7 bcm per year. This reserve represents groundwater that is exploitable by 
lowering the water level to 300 metres below the ground surface, the maximum depth 
currently possible with modern pumping technology. 

Although water in the deep aquifers is ample in quantity, the quality varies 
greatly and is suitable for domestic consumption in only a few areas, creating water 
supply problems. Total dissolved solids range from 400 to 20,000 ppm. Good quality 
water is stored in only a few aquifers: Saq, Tabuk, Wajid in Saudi Arabia, and 
Dammam in Bahrain and Kuwait. Brackish water from the Minjur, Wasia-Biyadh, 
Dammam and Umm er Radhuma aquifers usually requires treatment in most of the 
countries for hardness and high temperature. Water temperatures vary between 40°C 
and 65°C depending on the depth of extraction. Water from these deep aquifers tends 
to be saturated with calcium, magnesium and salt and to have high concentrations of 
sulphate and chloride ions, as well as relatively large quantities of hydrogen sulphide 
and carbon dioxide gases. The brackish water from some of these deep aquifers is 
usually used without treatment for agricultural purposes, and for limited domestic 
purposes in some locations in Saudi Arabia, Bahrain, Qatar and the United Arab 
Emirates. The groundwater of most of the deep aquifers requires treatment such as 
cooling, aeration to remove hydrogen sulphide and carbon dioxide gases, and lime soda 
processing. 

Desalination: During the last 20 years, the countries of the Arabian Peninsula, 
with the exception of Yemen, have become increasingly dependent on desalination to 
meet their water supply requirements. They have become, by necessity, world leaders 
in desalinating sea water or brackish groundwater for domestic consumption. Urban 
expansion and improvement of the standard of living have led to increased domestic 
water requirements. Groundwater with high salinity in most of the Gulf countries has 
compelled them to rely on desalinated sea water. The present annual designed 
desalination capacity of the seven countries of the Peninsula, namely Saudi Arabia, 
Kuwait, Bahrain, Qatar, the United Arab Emirates, Oman and Yemen, has reached 2.02 
bcm, compared with a worldwide capacity of 5.68 bcm (Wagnich 1992). These 
capacities cover all desalination plants and include numerous units in private sector 
ownership for industrial or other purposes. Saudi Arabia, Kuwait and the United Arab 
Emirates, in particular, rely on large-scale plants capable of producing up to 500 mcm 
per year. 
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Desalination production efficiency ranges between 70% and 85% of designed 
plant capacity. Total regional volume of actually produced desalinized water in 1992 
was estimated at 1,550 mcm (Al-Mugran 1992, Al-Sufy 1992), as shown in table 2. 
Desalinated water provided 5 1 % of urban and industrial water demand in 1992. The 
major producers of desalinated water are Saudi Arabia (51%), United Arab Emirates 
(22%), Kuwait (15%), Qatar (5%), Bahrain (4%), Oman (2%), and Yemen (1%) 
(Bushnak 1993). 

The total number of desalination plants in operation as of 1992 reached 45: 23 
in Saudi Arabia, 8 in the United Arab Emirates, 6 in Kuwait, 3 in Bahrain, and 2 each 
in Oman and Qatar, and 1 in Yemen (Al-Sufy 1992). In Saudi Arabia, 17 plants are 
located on the Red Sea coast and 6 on the Gulf. Three large-scale MSF plants are 
located at Al-Jubail, Jeddah and Al-Khobar with an annual production capacity of 394 
mcm, 217 mcm and 83 mcm respectively. The locations of desalination plants in the 
Peninsula are shown in figure 2. There will be a review of desalination technologies 
and their role in alleviating current and future water shortages in a subsequent section. 

Figure 2. Geographical location of desalination plants 
in the Arabian Peninsula 
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Renovated wastewater: Existing wastewater treatment facilities in the Arabian 
Peninsula face difficulties in handling the ever-increasing volumes of wastewater 
generated by increased water consumption and urbanization. Wastewater discharge 
from major urban centres is polluting shallow alluvial aquifers and the coastline and 
has caused urban water tables to rise. The main emphasis to date in these countries 
has been on simple disposal of wastewater, rather than on treating and reusing effluent 
owing to the extensive capital investment required. Planning for the full utilization of 
treated effluent remains in the early stages, and the regional treatment capacity is 
sufficient to handle only 40% of the domestic wastewater generated. The total volume 
of renovated wastewater used in the Arabian Peninsula is estimated at about 433 mcm, 
which is far less than the treated volumes. The reuse volumes are shown in table 2 
and represent approximately 25% of the available treated wastewater. 

Wastewater reuse ranges between 217 mcm in Saudi Arabia and 6 mcm in 
Yemen. The ratio of reuse to the domestic and industrial water requirements range 
from 27.7% to 30%. In the region as a whole, renovated wastewater meets about 2% 
of total water demand or 14% of domestic and industrial demand. In Saudi Arabia, 
reclaimed wastewater is used for irrigation of non-cash crops, landscape irrigation, and 
for industrial cooling. In Kuwait, Bahrain, the United Arab Emirates and Oman it is 
used for municipal irrigation of landscaped areas, while in Qatar it is used to irrigate 
animal food crops. 

C. WATER REQUIREMENTS 

Total demand: During the last decade, extensive development, rapid population 
growth and substantial improvement in the standard of living in the countries of the 
Peninsula have all intensified an imbalance between rising water demand and very 
limited existing water resources. Most of the countries have experienced a 20%-30% 
annual increase in domestic and industrial water demand over the last 10 years, mainly 
supplemented from desalinized water. Substantial increases in agricultural water use, 
as shown in table 3, were also experienced, particularly in Saudi Arabia. 

Domestic and industrial water requirements are satisfied through desalination and 
by a limited portion of the groundwater pumping. Agricultural requirements are met 
through abstraction of water from shallow alluvial aquifers located in the coastal strips 
and inland basins and, more recently, are satisfied mainly from the deep aquifers 
covering most of the Arabian Peninsula. In Saudi Arabia, the rapid expansion of 
agricultural activities encouraged by the Government during the last 15 years has 
caused substantial increases in water demand, leading to extensive mining of the deep 
aquifers. Likewise, agricultural water demand has sharply increased in Bahrain, Oman, 
and the United Arab Emirates as a direct result of government policies encouraging 
self-sufficiency in food production. Government incentives and subsidies have made 
it possible for large areas to be cultivated, placing great strain on the existing ground- 
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water resources. High population growth, further improvement in the standard of 
living and continuation of the current agricultural policy will lead to increases in water 
requirements. Projected demand for the period 2000-2010 is shown in table 4, 
assuming a marginal decrease of agricultural water consumption. Availability of 
conventional and non-conventional water sources, as well as water requirements for 
various purposes, varies among countries of the Arabian Peninsula. The water supply 
and demand situations for each individual country of the southern ESCWA region are 
briefly reviewed below. 

Saudi Arabia: In 1992, water demand for different sectors in Saudi Arabia was 
satisfied through desalinized water (795 mcm), surface water (900 mcrn), shallow 
alluvial aquifers (950 mcm), reclaimed wastewater (217 mcm), and non-renewable deep 
aquifers (13.48 bcm). As of 1992, approximately 47% of the domestic demand was 
satisfied through desalination from 23 plants located in the coastal regions. The major 
cities which rely mainly on desalination are Jeddah, Mecca, Medina, Taif, Yanbu, 
Dammam, Jubail, Al-Khobar, Abha, Khamis, Mushat and Dahran as well as a large 
number of towns and villages located between these major centres. A large number 
of smaller coastal townships also rely on desalination for their water supply. 
Ambitious pipeline schemes were implemented to deliver desalinated sea water from 
the coast to the large inland cities of Riyadh, Mecca, Medina, Taif and Abha, as well 
as a number of towns and villages to meet growing demand. Desalination projects are 
being implemented to increase the annual supply from this source by 339 mcm. 

Domestic demand experienced a threefold increase from 500 mcm in 1980 to 
1.7 bcm in 1990, owing to urban expansion, improvement of the standard of living, 
lack of conservation measures, and excessive consumption. Future demand is expected 
to reach 2.9 bern and 3.6 bcm in the years 2000 and 2010, respectively. Since the 
majority of domestic water demand has traditionally been satisfied through the use of 
desalinated sea water, the current production of 795 mcm will have to be increased 
threefold in order to meet the demand projected for the year 2010. 

The major water consumer in Saudi Arabia during the last decade has been the 
agricultural sector (MOP 1990, Al-Tokhais 1992), where an eightfold increase has 
occurred, mainly through mining of the deep aquifers of Saq, Tabuk, Minjur-Dhruma, 
Wasia-Biyadh, Umm er Radhuma, Sakaka, Neogene, Damman, Jauf, and Aruma. 
Agricultural demand is forecasted to reach 21.7 bern in the year 2010. However, 
owing to the present government decision to reduce wheat subsidies and limit crop 
production, agricultural demand will be maintained at the lower 1990 level. 
Groundwater abstraction for agricultural purposes is expected to reach 8.6 bern and 
11.9 bcm in the years 2000 and 2010, respectively. 

Kuwait: Water demand is satisfied mainly through desalination, supplemented 
with a limited amount of groundwater and treated wastewater in amounts of 240 mcm, 
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80 mcm, and 83 mcm respectively (Country Report, 1986, Bushnak 1990). 
Desalinated sea water is blended with small amounts of groundwater from the Neogene 
and Dammam aquifers to meet domestic and industrial requirements. Total water 
demand, including irrigation during the last 10 years, has increased from 186 mcm to 
383 mcm. Demand is expected to reach 640 mcm and 771 mcm in the years 2000 and 
2010, respectively. The major water consumer is the domestic sector, which relies 
mainly on desalinated sea water. Water requirements for the relatively modest amount 
of irrigated farming and urban landscaping are met mainly through the use of 
groundwater and treated effluent. 

Bahrain: Water demand for the islands of Bahrain is satisfied mainly through 
deep groundwater sources supplemented with desalinated water and limited use of 
treated effluent. Water from the Neogene, Dammam, Rus, and Umm er Radhuma 
aquifers is used to satisfy most of the domestic, industrial and agricultural requirements 
(Al-Mansour 1986, Danish et al. 1992). The total annual water requirement increased 
from 138 mcm to 216 mcm from 1980-1990. It is expected to reach 250 mcm and 
315 mcm in the years 2000 and 2010 respectively. Desalination now contributes 
approximately 56 mcm, while groundwater abstraction of 30 mcm meets domestic 
water requirements. The installed desalination capacity nowadays is inadequate to cope 
with the domestic demand. To bridge the gap, groundwater continues to be abstracted 
at an alarming level in order to meet domestic requirements and as well to satisfy the 
demand in the agricultural, industrial and commercial sectors. In 1991, the 
groundwater consumption from the water distribution network was on the order of 53.1 
mcm. Similarly, the estimated groundwater consumption for agriculture and other 
purposes was in the order of 126.6 mcm, bringing the total to 179.7 mcm despite the 
preset maximum abstraction limit of 100 mcm required to maintain the balance 
between recharge and abstraction, as proposed by a consultancy firni engaged in 1981 
to review the groundwater reserves. 

Qatar: Water requirements are satisfied through groundwater from the shallow 
alluvial and the Rus and Umm er Radhuma deep aquifers, and from desalinated sea 
water. During the period 1980-1990, annual water demand increased from 128 mcm 
to 194 mcm (Al-Kenson 1986, Bushnak 1990). Domestic and industrial water 
requirements during the period 1980-1990 were satisfied mainly from a blending of 83 
mcm of desalinated water with pumpage from the shallow aquifer. Agricultural water 
demand in 1990 was estimated at 180 mcm and will reach 200 mcm in the year 2000. 
Total demand is expected to reach 388 mcm in the year 2010. 

UnitedArab Emirates: Total demand is satisfied through a combination of run-
off diversion (75 mcm), groundwater exploitation, mainly from shallow aquifers (900 
mcm), desalination (342 mcm) and reclaimed wastewater (62 mcm) (Country Report, 
1986, Uqba 1992). Domestic water demand is being met through sea-water 
desalination and pumpage from shallow aquifers. Demand for water has increased 
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substantially during the last 10 years, from 789 mcm to 1.49 bcm. This rise can be 
attributed to increased agricultural activities encouraged through government-sponsored 
financial incentives and to urban landscaping. Agricultural demand is met largely 
through groundwater abstracts from alluvial aquifers supplemented by pumping from 
the Dammam and Umm er Radhuma aquifers. Agricultural demand was estimated at 
950 mcm in 1990 and is expected to reach 1.4 bcm and 1.55 bcm, respectively, in the 
years 2000 and 2010. Total demand is expected to reach 2.23 bcm and 2.45 bcm 
respectively in the years 2000 and 2010. 

Oman: Oman's water requirement during the last 10 years has been satisfied 
through flood-water diversion (275 mcm), spring discharge (375 mcm), shallow 
alluvial (645 mcm), desalination (32 mcm) and reclaimed wastewater (10.5 mcm). 
Domestic water requirements are met mainly from shallow aquifers, supplemented by 
desalination. Agricultural water demand is satisfied mainly through exploitation of 
groundwater from shallow aquifers supplemented from the Neogene, Taqa, Aruma, 
Wasia and Saq aquifers. Traditional infiltration gallery systems known as qanats 
(aflaj), numbering more than 6,000, provide 50% and 70% of irrigation and water 
supply requirements respectively (Abdelrahman 1992). In 1980, water demand for 
various purposes in Oman was estimated at 665 mcm and increased twofold to 1,236 
mcm in 1990. Agricultural water demand was estimated at 650 mcm in 1980 and 1.15 
bcm in 1990. Demand for agricultural purposes by the years 2000 and 2010 is 
expected to increase to 1.27 bcm and 1.40 bcm, respectively. Total demand is 
expected to reach 1.42 bcm and 1.59 bcm in the years 2000 and 2010 respectively. 

Yemen: Water demand for the now unified Republic of Yemen is met through 
the use of surface run-off (1.45 bcm), groundwater (1.7 bcm), and a limited amount 
of desalinated sea water (9 mcm) (Khoury et al. 1986, Mohamed et al. 1986). 
Domestic and industrial requirements are met largely through the use of groundwater 
from shallow alluvial and deep aquifers of Wajid, Wasia, Umm er Radhuma, Amran 
and Kohian. Domestic and industrial demand, while relatively small in comparison 
with the rest of the countries in the Peninsula, has increased from 98 mcm to 216 mcm 
between 1980 and 1990 (Al-Fusail et al. 1991). It is expected that such demand will 
reach 360 mcm by the year 2000 and 640 mcm by 2010. Agricultural water demand 
is met largely through diversion of flood water and groundwater exploitation from 
shallow aquifers. Frequent rainfall produces a relatively dependable source of surface 
water. However, increased use of modern pumping technology has resulted in 
uncontrolled drilling, causing water consumption for agricultural purposes to rise from 
1.6 bcm to 2.5 bcm in a 10-year period (1980-1990). At the current rate, agricultural 
requirements are expected to reach 3.2 bcm by 2000 and 4.0 bcm by 2010. Projected 
water demand for domestic, industrial and agricultural sectors in each country of the 
Peninsula, for the period 2000-20 10, are shown in table 4. 

Imbalance between demand and supply: Combined water demand in 1990 for 
all the countries of the Arabian Peninsula was estimated at 22.5 bcm. Consumption, 
by sector, was broken down as follows: agriculture (86%), municipal (12%) and 
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industrial (2%). In 1990 the agricultural sectors consumed an estimated 19.5 bcm, 
with Saudi Arabia using the largest share, mainly from mining of deep aquifers. The 
estimated agricultural water demand is expected to decrease to 15.85 bcm by the year 
2000 and 18.91 bcm by 2010, assuming an annual growth rate of only 1% from the 
1995 level. This can be set against projected total water requirements for the Peninsula 
for the years 2000 and 2010 of 20.92 bcm and 25.34 bcm respectively, as shown in 
table 4. The major consumer, it is clear, will continue to be the agricultural sector. 
Based on current trends, future programmes and projections for individual countries, 
renewable water resources such as surface run-off, desalination, rechargeable alluvial 
aquifers, and reclaimed wastewater are already greatly insufficient to meet the expected 
demand. Supplies available from renewable sources for the years 2000 and 2010 are 
estimated at 6.71 bcm and 7.09 bcm respectively, as shown in table 5, which is far less 
than the projected water demand of 20.92 bcm and 2534 bcm for the same years. It 
is expected that the deficit of 13.24 bcm for the year 2000 and 18.03 bcm for the year 
2010 will be offset through the use of groundwater reserves, especially from the deep 
aquifers, as shown in table 5. Thus, by the year 2010, a total of 450 bcm will have 
been withdrawn, mainly for irrigation, reducing the total estimated groundwater 
reserves of 2,175 bcm by approximately 25%. 

Expected domestic and industrial demand increases in the next 20 years will also 
necessitate the large-scale construction of additional desalination plants unless strict 
water conservation measures are implemented and good quality groundwater is used 
solely for domestic purposes. The countries on the eastern part of the Peninsula, 
namely Kuwait, Bahrain, Qatar and the United Arab Emirates and some parts of Saudi 
Arabia, are expected to face water shortages for the domestic supply by the year 2000, 
when existing desalination plants will reach the end of their operational lives. The 
groundwater in the deep aquifers under this area is usually highly saline and unfit for 
domestic consumption. If current domestic consumption patterns continue unaltered, 
countries in this region will be required to invest at least $30 billion towards the 
construction of new desalination plants and support facilities capable of handling future 
demand. A large number of waste treatment plants will also be required to handle the 
resulting wastes. 

The major challenge facing countries of the Arabian Peninsula is to provide 
additional water supplies to meet the rising demand for the domestic water 
requirement. The imitation on the natural water supply imposed by quantity and 
quality constraints provides few feasible alternatives to alleviate the future demand-
supply imbalance. The most logical alternatives are water desalination and reuse 
options, while implementing effective short- and long-term water management 
strategies. Desalination, currently a major water supply component, should be 
recognized as the most viable solution to future water shortages and must undergo 
further regional research and development to reduce the cost of production. 
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The foregoing background material on the water supply and demand situation 
has demonstrated the vital role being fulfilled by the different sea- and brackish-water 
desalination processes. The next section highlights the important role that desalinated 
water will play in alleviating future water shortages. 

D. WATER DESALINATION 

Sea- and brackish-water desalination has been accepted worldwide as a viable 
solution to domestic water supply shortages. Technological advances, increases in 
water consumption and deterioration of water quantity and quality have necessitated 
increased reliance on desalinated water as a reliable resource in different parts of the 
world, especially in arid and extremely arid regions of the Middle East. Worldwide 
desalination capacity has increased substantially over the last three decades, from 0.2 
mcm in 1965 to 18.8 mcm in 1993. The total number of desalination plants has 
increased from 1,500 in 1970 to 8,886 in 1993. Over the last decade, annual 
production increases in desalinated water ranged from 7% to 10%. Currently, two 
thirds of the world's total desalination capacity is installed in the Arab countries, 
mainly in the Arabian Peninsula, as shown in tables 6 and 7. Out of 18.8 mcm per 
day of desalination capacity, the countries of the Gulf account for over half of the 
production (53%). Saudi Arabia alone accounts for one fourth of world capacity in 
desalination. Three Arab countries, Saudi Arabia, Kuwait and the United Arab 
Emirates, rate first, third and fourth, respectively, in desalination capacity. The Gulf 
States of the Arabian Peninsula, namely Saudi Arabia, Kuwait, Bahrain, Qatar, the 
United Arab Emirates and Oman, are becoming increasingly dependent on desalination 
as their primary source of water, mainly for domestic purposes. Desalination of sea 
and brackish water has become an essential water supply component for many urban 
centres in these regions. This has compelled these countries to make substantial 
investments in desalination technology. The availability of financial resources from 
oil income, and free energy sources, has further encouraged reliance on water 
desalination as a primary source of water. These factors, in conjunction with natural 
supply limitations, make it likely that reliance on desalination will continue to increase 
in the future. Future projections indicate that more investments in desalination 
technology will be required to offset over-exploitation of water resources and increased 
public demand. 

Desalination technology: Current desalination technology for sea and brackish 
groundwater can be classified according to the energy source used: either thermal- or 
electric-powered. Desalination processes that utilize thermal energy are multi-stage 
flash (MSF) and multi-effect distillation (MED). Desalination processes that use 
electric power are known as vapour compression (VC), reverse osmosis (RO) and 
freezing. There are other desalination processes which depend on solar energy and a 
combination of thermal and electric power, and these are currently being emphasized. 
Most of these desalination techniques have advantages and limitations depending on 
the quantity and quality of water required, and the site requirements. 
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TABLE 6. DESALINATION CAPACITY SOLD WORLDWIDE 

Region 
Percentage 

sold GCC countries Percentage sold 
North America 13 Saudi Arabia 51 
Europe 5 Kuwait 16 
Gulf Cooperation 

Council countries 53 Qatar 6 
Remaining 

Middle East 10 United Arab Emirates 22 
Asia 8 Bahrain 3 
Other countries 11 Oman 2 

TABLE 7. DESALINATION CAPACITY SOLD IN ARAB COUNTRIES 
DURING THE PERIOD 1963-1993 

(BUSHNAK 1995) 

Total capacity 
Country 	 (cubic metre/day)  
Bahrain 315 197 
Egypt 87 044 
Jordan 8 445 
Iraq 333 093 
Kuwait 1 523 210 
Oman 162 096 
Qatar 562 074 
Saudi Arabia 5 020 324 
Syrian Arab Republic 7 703 
United Arab Emirates 2081 091 
Yemen 37 188 
Algeria 204 312 
Djibouti 404 
Libyan Arab Jamahiriya 666 750 
Morocco 15 325 
Mauritania 4 654 
Somalia 408 
Sudan 1 776 
Tunisia 50 914 
Total 	 I 	 11 093 008 
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Thermal processes of desalination, especially the MSF, have been used 
extensively in the Arab world. In the MSF system, water to be desalinated first enters 
a brine heater. Hot brine is subjected to reduced pressure, which causes it to boil 
immediately. A portion of the brine is instantaneously transformed (flashes) into 
vapour. The hot brine continues to move through a series of chambers at increasingly 
lower temperatures and pressures, vapourizing in the process. The vapour is then 
recondensed into purified water. MSF plants have anywhere from 20 to 50 chambers 
through which the water must pass. The higher the number of chambers, the more 
efficient the desalination process is. More chambers also translates into higher initial 
construction costs; however, production will be more cost-effective. This method of 
distillation was developed in the late 1960s. The first plant to use this method of 
desalination was constructed in Kuwait in 1977. Following the development of this 
method, approximately 70% of desalination plants used it. However, new, more 
efficient methods were subsequently developed, and as at 1991, only about 50% of the 
plants still in operation use this method. 

Multi-effect distillation (MED) was originally developed for large-scale 
operations and was in use before the MSF system was developed. In this method, 
water is fed through a series of horizontal evaporator tubes. This method results in a 
40%-65% recovery rate; however, maintenance and operational difficulties resulted in 
a decline in use. It is currently used in only 6% of operational plants, mainly those 
constructed in the 1960s. The MED method is also based on evaporation. Ejector 
steam, coming from an ejector chamber, is transferred into a series of evaporation 
tubes under low pressure. Sea water is sprayed on the outside of the tubes, and the 
latent heat from the steam causes it to vaporize. This steam moves into pipes where 
it condenses and is turned into distilled water. The condensed steam also supplies heat 
for continued vaporization of sea water. The process is continual, with each evaporator 
serving as a condenser for the steam created in the previous evaporator. Steam from 
the last evaporator is condensed and released into the cooling system. 

Electric-powered desalination processes are based on the concept of the 
heat pump. Vapour compression involves the use of compressed water vapour. 
Compressing the water vapour increases its enthalpy and temperature. Thus, it can be 
used as a source of heat resulting from condensation in an evaporator. The energy 
required to compress the vapour can be supplied by either a mechanical vapour 
compressor or jet ejectors. 

Reverse osmosis (RO) uses pressure to separate the salts from the water. This 
method can reduce the salinity of sea water from 40,000 ppm to 400 ppm. In this 
method, the pressure of a sea-water solution is raised above osmotic pressure. The 
solution then is passed through a semi-permeable membrane, which allows the water 
to pass, but filters out the dissolved solids. There are several types of membranes, 
including tubular, plate and frame, hollow fine fibre and spiral wound. The most 
widely used types are the spiral wound and the hollow fibre types. Required osmotic 
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pressure for brackish water ranges from 200 to 500 psi, and for sea water the range is 
800 to 1,200 psi. RO plants usually operate at a recovery rate anywhere between 20% 
and 50%. 

There are several alternative methods of desalination including electrodialysis 
(ED) and freeze desalination (FD). However, these have not been developed 
sufficiently to allow large-scale use. In the freezing method, a solution is partially 
frozen. During the process of freezing, impurities are naturally excluded. After being 
frozen, the ice crystals are washed to remove impurities and then melted to form 
purified water. Owing to the complexity of this method, only a few plants of this type 
have been constructed. A solar-powered freezing plant was constructed as an 
experimental project in Saudi Arabia. Since the process was shown to be inefficient, 
the plant was disassembled. 

Electrodialysis purifies water by filtering out separate ions. Cation- and anion-
permeable membranes are used, and the stream of water solution is subjected to a 
direct electric current. This causes ions which carry electricity to migrate across the 
stream and through the membranes. Cations travel through a membrane on one side, 
while anions travel through the membrane on the other side. The result is desalination. 
Electrodialysis has not been very successful in the desalination of sea water and is used 
mainly for brackish water. 

Brackish-water desalination is being used more nowadays to reduce the salinity 
of groundwater. Desalination plants for groundwater are usually found inland near 
urban centres, especially in the Gulf countries of the Arabian Peninsula. Such plants 
generally have smaller capacities on the order of up to 20,000 m 3  per day in 
comparison with large sea-water desalination plant capacities which exceed 100,000 
m 3 . To desalinate a large volume of water would require drilling a large number of 
wells. Brackish water desalination usually uses the reverse osmosis process. Owing 
to low salinity, the cost of treatment is much lower than sea-water desalination, usually 
ranging from $0.3 to $0.65 per m 3 . In addition, the cost of water production depends 
on plant size and also on the concentration of certain salts, such as silicon, heavy 
metals and organic material. The major cost components consist of investment in well-
drilling and pumps, and brine water disposal. The disposal of brine presents a major 
environmental constraint of brackish water desalination. Careful consideration is 
usually needed to avoid contamination of the groundwater source. 

More than 80% of desalinated water in the Gulf region is produced through MSF 
distillation. RO accounts for 16.1%. This translates into three quarters of the world 
capacity for MSF desalination, and about one quarter of RO production. The Gulf 
countries share in MED, ED and VC, as well as other processes, at the respective rates 
of 16.4%, 16.6% and 5.5%. 
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Experience with the desalination of sea water and brackish groundwater within 
many of the Gulf States began as early as 1938. This technological know-how 
contributed significantly to the initial depletion of natural water supplies, particularly 
in Saudi Arabia and Kuwait. Currently, the largest desalination centre in the world is 
located in Al-Jubail, in the eastern province of Saudi Arabia. One third of the 
desalinated water for Saudi Arabia is produced at this plant, equivalent to 7.5% of 
world capacity. The plant consists of 40 MSF units producing approximately 1 million 
cubic metres of desalinated water. The desalinated water is transferred through 
pipelines having a total length of over 3,000 km, and a total capacity of 1.8 x 10 8  
m 3/d. One of these pipelines runs as far as Riyadh, which is 465 km from Al-Jubail, 
and the other delivers water to Qasim. A considerable number of urban centres are 
being supplied with desalinated water through this system. 

The characteristics of different desalination processes relevant to their suitability 
and disadvantages is shown in table 8. The volumes of desalinated water produced by 
the Gulf States of the Arabian Peninsula, under different desalination processes are 
shown in table 9. The planning of desalination facilities requires extensive technical 
and financial evaluation of all major factors such as investment and energy costs, site 
requirement, choice of desalination process, quality of feed water, and quantity and 
quality of desalted water. 

The cost of building a desalination plant depends on its production capacity, type 
of process, plant location, and available utilities and services on site. It also depends 
on the degree of plant reliability, the specifications of the material of construction, and 
the desired plant life. 

Capital costs: Plant-capital and operating-unit cost decreases significantly 
as plant capacities increase up to about 3 MGD for brackish water and 5 MGD for sea 
water (Bushnak 1993). Beyond these limits, costs decrease only slightly as plant 
size increases. The rate of cost decrease with increasing size is more significant for 
thermal processes compared with RO or ED. RO  and ED costs for desalting brackish 
water are about equal, with each having unique advantages depending on feed-water 
quality. 

By the 1980s the costs of desalinating sea water using RO or distillation for 
plants larger than about 5 MGD had become roughly the same—about $1.5 per cubic 
metre. Dual-purpose plants for production of power and water can lead to distillation 
cost reductions of 20% to 30% compared with the overall cost of separate power and 
desalination plants. 
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Operation and maintenance costs: This includes the costs of energy, labour, 
chemicals, consumables, spare parts and major replacements or refurbishments 
required over the life of the plant. Increasing the energy efficiency of desalination 
plants usually requires more equipment and capital. The energy requirement to 
produce I cubic metre of potable water from sea water is about 5 kW or less for a 
well-designed RO plant utilizing energy recovery devices. Other processes require 
higher equivalent energy per unit of water produced, but usually of different quality 
(i.e. steam). 

Energy costs account for about 20% to 30% of desalination unit water cost using 
international energy prices. In general, for low salinity water (less than 3,000 ppm), 
ED is the most energy-efficient process to produce I cubic metre of potable water. As 
the salinity of feed water increases above 3,000 ppm, RO becomes the most energy-
efficient process. The energy input is a function of water salinity and plant design. 
To desalt I cubic metre of sea water, RO uses 9 to 12 kilowatts of electric energy. 
This energy consumption rate can be reduced by 20% to 30% using energy recovery 
devices connected to the brine stream (Bushnak 1993, Sadeqi et al. 1993, Al-Sofi 
1993, Buros 1990). Reductions of 50% have been reported in some tests, but field 
experience of all energy recovery devices is still limited to date. Distillation is energy-
efficient only when there is a source of low-cost steam, such as in power plants. A 
recent study (Al-Arrayedh, 1993) analysed the impact of oil prices on unit water cost, 
and the results indicated the cost of water produced by MSF doubled as the oil price 
rose from zero to $30 per barrel, while the cost of sea water desalted by RO increased 
by only 20%. 

Labour cost varies from 15% to 30% of operation and maintenance (0 and M) 
costs, depending on plant type, size and location, as well as the skill of the operators. 
The experience and skill of operators is the major determinant of other 0 and M costs, 
plant reliability and plant life. Plant automation is desirable in general to increase 
plant reliability but may only be economical in large plants. For small plants, 
automation may decrease the number of operators required but not necessarily their 
cost, inasmuch as more qualified staff will be required. 

Chemical consumption costs represent less than 10% of 0 and M costs for MSF 
plants but may exceed 20% for RO plants. Experience indicates that chemical cost is 
a function of the operator's skill and commitment to cost reduction (Al-Sofi 1993). 
Major cost reductions can be achieved through process optimization for a given site 
and plant design. There are cases where chemical cost can be as low as 1% to 3% of 
total water production cost (Al-Sofi 1993, Largier Ct al. 1993). 

Water source and production costs: The source and quality of feed water is a 
major cost factor. Desalting sea water, using either distillation or RO, can be from 
three to as much as seven times more expensive than desalting brackish water using 
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RO or ED. Distillation costs are high, regardless of feed water quality, owing to the 
larger amount of energy required to vaporize water (Bushnak 1993, Wagnick 1994). 
RO and ED costs are very sensitive to feed water salinity and quality. ED tends to be 
more economical than RO at salinities of less than 3,000 ppm and less economical than 
RO at salinities greater than 5,000 ppm. All costs depend to a large extent on pre- and 
post-treatment requirements, particularly for RO. Beach wells are a preferred source 
of sea water for RO plants, compared with an open sea-water intake. If plant location 
and ground conditions allow the use of beach wells, the cost of developing a proper 
feed water source could be a large percentage of the total cost of a plant. 

Any one of the distillation processes can produce comparatively pure water. 
Manufacturers typically submit bids containing warranties that total dissolved solids 
(TDS) will be less than 25 ppm and, in some bids, less than 10 ppm (Bushnak 1993). 
However, such pure water is very aggressive, causing excessive corrosion of the 
distribution pipeline network. In addition, potable water needs a minimum salt content 
to give it a desirable taste. Potable water from distillation plants is achieved by adding 
lime or mixing with brackish water to obtain TDS of about 200-500 containing 
calcium ions. This post-treatment causes a marginal rise in the cost of the final 
product water. 

The product water of RO processes, on the other hand, is a function of the level 
of salinity of sea water, the number of stages of RO membranes, and other design 
parameters. Most RO membranes allow less than 1% salt passage in a single stage, 
resulting in TDS levels of 3 00-400 ppm of product water. This salinity level can be 
further reduced by using a second stage membrane at additional cost. Potabilization 
would be as essential since TDS are over 90% NaCl. 

Cost offinancing: Desalination plants require major initial capital outlays that 
need to be depreciated over plant service life, which could be 30 years or more. 
Hence, the cost of capital has a significant impact on unit water cost since capital 
contribution is about 50% to 60% of unit water cost. A recent analysis (Al-Sofi 1994, 
Sudeqi 1994) of actual bid data for a large MSF desalination plant in the Gulf indicates 
a large variance of the capital contribution to unit water cost over plant life, which was 
specified as 25 years. 

Cost allocations between water and power in dual-purpose plants has a major 
impact on unit water cost. This factor has been demonstrated by Al-Sofi (1994) using 
the actual cost data of an existing major plant in the Gulf. The result of the study 
demonstrated that the unit water cost ranged from $0. 125 per m 3  to $1.1 25 per m 3  with 
various assumptions on allocation of the cost of components, cost of energy, and 
capital cost. Gulf countries use different cost allocation assumptions, since some 
consider water a secondary product of dual-purpose plants, while others consider it a 
primary product. 
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Cost comparisons using different desalination processes ranged from $1 to $3.5 
per m3  for sea water, and $0.4 to $1.5 per m 3  for brackish water. A survey of water 
production costs indicates wide variation depending on plant size and energy prices. 
Usually, costs decrease with increased plant capacity. Costs reported by the Gulf 
countries are usually less than for countries in the rest of the world because of minimal 
energy charges. For example, the cost of water production in Saudi Arabia ranges 
from $0.48 to $2.2; in the United Arab Emirates water costs from $1 to $1.45; and in 
Qatar, the range is $1.14 to $1.64. A sample of water production costs in different 
parts of the world, including the Arabian Peninsula, is shown in table 10. In general, 
water production costs in many of the ESCWA member countries where desalination 
is used extensively, cost distributions are as follows: 38% for capital investment, 
20.5% for energy, 21.3% for labour, 16.2% for maintenance and 4% for chemicals. 

1. Desalination opportunities 

Water desalination in some of the ESCWA member countries, particularly the 
Gulf States, has offered flexible opportunities for alleviating water supply shortages 
over the past two decades. Water quality has been substantially improved, which in 
turn contributes to the well-being of society in relation to sanitation, health and quality 
of life. Desalination also provided a reliable water source and resulted in increased 
urban, commercial and industrial activities. 

One of the major problems previously associated with the production of 
desalinated water was the high cost associated with initial capital investment for 
construction and operation. This posed a major problem to those countries with 
limited financial resources. Currently, however, desalination technology has been 
developed to the point where it can provide a reliable source of water at competitive 
costs. In fact, for many of the ESCWA member countries, especially those of the 
Gulf, desalination by large-scale plants has proven to be a more economical 
alternative than constructing new dams or pipelines to supply water from other 
regions, taking into consideration required water quality standards, and political 
vulnerability. 

Several of the Gulf countries, however, have no option but to rely on the 
desalination of sea water or brackish groundwater. This is because freshwater supplies 
in the region are very small, and the quality is often in excess of 1,000 ppm owing to 
limited recharge magnitude. The deep aquifers usually contain highly saline water 
requiring desalination. The same conditions exist for some coastal areas of Saudi 
Arabia and areas in the north and southern regions of the Arabian Peninsula. Costs 
associated with the development of deep fossil groundwater sources in these areas 
would be comparable to sea-water desalination, taking into consideration pumping, 
transportation and treatment cost. Most of the aquifers with good water quality are 
located at great depths and in remote areas far from urban centres. 
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TABLE 10. COST SURVEY OF DESALINATING SEA-WATER 

Country Process 
Capacity 
(m 3/day) Year 

US$ per cubic 
metre 

Bahrain MSF 23 000 1975 0.56 

Canary Islands RO 36 000 1989 1.62 

Malta RO 15 000 1986 1.18 

Saudi Arabia 
(Al-Jubail) MSF 1100 000 1980 

2.36k' 
2.61E' 

Saudi Arabia 
(Jeddah) RO 57 000 1989 0.48 

U.S.A. (Florida) MSF 10 000 1967 2.69 

U.S.A. 
(Virginia) MED 26 000 1991 2.06 

a! 	Initial period of operation: 1967. 
b/ 	Fuel substitutes as 0.22!MBTU. 
C! 	Interaction mark of $2.25/MBTU. 

Based on the conditions in the ESCWA member countries, past experience 
indicates that desalination is a viable solution for the provision of potable water. A 
number of solutions have been suggested to alleviate regional water shortages, 
including: mining of groundwater, desalination, wastewater reuse, icebergs, and short-
and long-distance conveyance systems either through pipelines or tanker trucks. Costs 
of wastewater treatment, as reported by some of the Middle Eastern countries, range 
from $0.12 to $0.41 per m 3  for secondary treatment level (World Bank, 1993). 
However, cost substantially increases as the level of treatment to meet nonnal 
environmental standards increases. Good quality renovated wastewater can help 
alleviate water shortages, particularly in the industrial and agricultural sectors. 
However, this option is not suitable for domestic requirements owing to the fact that 
it is unacceptable to the public, and costs would be prohibitive for tertiary level 
treatment in the majority of the Gulf countries. In addition, social non-acceptance and 
uncertainty concerning water-borne viruses discourage large-scale use of recycled 
wastewater. The cost of tertiary treatment of wastewater ranges between $0.54 to $2.2 
per m 3 . However, the high cost of desalination technology is expected to be offset, in 
the near future, by the promise of innovative hybrid processes such as chemical 
separation processes (adsorption or ion exchange) in combination with physical 
processes such as membrane filtering, which will render this method comparable in 
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cost to tertiary treatment of wastewater. Additionally, such technology will result in 
nearly 100% water recovery, which will improve plant efficiency and reduce or 
eliminate waste. The use of electrically charged membranes to filter out impurities 
also appears to be promising. 

Alternative options for regional water importation schemes such as iceberg 
towing, pipeline systems, tanker trucks, and large capacity rubber (Medusa) bags, 
require substantial initial investments for the construction of canals, pipeline systems, 
and pumping stations to convey water over long distances, through a variety of natural 
terrains, and possibly through several countries. The towing of icebergs to the shores 
of Saudi Arabia was considered as an alternative to desalination. However, such 
major technical difficulties as the mode of transport, entry into the Red Sea or the 
Gulf, availability of receiving facilities, and environmental impact made this alternative 
unacceptable. Some of these technical problems could have been solved by a 
prototype design, but the cost of the water would have been extremely high, and 
continued availability was in question. Given the political instability of the Middle 
East, water consumers could possibly be subjected to supply interruptions where water 
must be transported internationally. Another example of a water importation scheme 
was the proposed Turkish "Peace Pipeline". This supply system was to service a 
number of countries in the Middle East and would supply 15 million people with 350 
l/p/d (Dabbagh et al. 1993). At a cost of $20 billion and with a construction period 
of 8 to 10 years, the initial capital costs would range between $1.735 and $1.758 per 
m 3  of water delivered. A dual-pipeline system would transfer water to the Gulf States 
from rivers in Turkey that flow towards the Mediterranean. The pipeline was designed 
to move 2.2 billion m 3  of water per year, with approximately half of the volume going 
to Jordan and the Syrian Arab Republic, and the remainder delivered to the Arabian 
Peninsula. The large western pipeline would pass through Jordan and the Syrian Arab 
Republic and terminate in Mecca in western Saudi Arabia. The smaller eastern 
pipeline would cross Iraq and the Syrian Arab Republic and pass down the western 
side of the Gulf, supplying water to Kuwait, the eastern province of Saudi Arabia, 
Bahrain, Qatar, the United Arab Emirates and Oman. Saudi Arabia and Kuwait would 
be supplied with 840 million m 3  and 220 million m 3 , respectively. Although this 
importation of water would ease water shortages in the region, countries in the Arabian 
Peninsula were concerned about the political implications of becoming dependent on 
upstream States for the security of their water supply. In addition, the pipeline system 
would be vulnerable to sabotage and could potentially be used for political coercion; 
therefore, this alternative was not acceptable. In addition, there would have been a 
number of incidental costs, such as charges for water provided by the supplying 
country, toll charges for countries through which the pipeline would pass, and 
operational and maintenance costs including pumping, energy costs and costs for 
replacement parts, as well as treatment costs. In general, desalination would be at least 
as economical as such a pipeline system. 
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Two other importation proposals involved pipelines under the Gulf: one from 
the Garon river of the Islamic Republic of Iran to Qatar, and the other from Pakistan 
to the United Arab Emirates. The Islamic Republic of Iran-Qatar scheme involved a 
1.5 metre diameter gravity pipeline extending 770 km, 560 km of which were within 
Iranian territory. The system was to provide Qatar with an estimated annual volume 
of 135 million m 3 . The cost was estimated at $1.5 billion and completion time was 
estimated at three years. Considering the political instability of the region, major 
concerns regarding the guaranteed life of the project would arise. The current strained 
relations between Turkey and the neighbouring Arab countries of the Syrian Arab 
Republic and Iraq clearly demonstrate the vulnerability of such a system to interruption 
or cessation of supply owing to unforeseen political situations. In addition, the cost 
of water delivered through such a system is high, as illustrated by a pipe transport 
system constructed to deliver water from the coastal zone of Saudi Arabia to the 
interior cities: water costs were in excess of $1.5 per m 3 . 

Tanker trucks have been suggested as an alternative means of water importation 
to provide freshwater to the countries of the Arabian Peninsula. The mode of transport 
is either through back-haul or shuttle tankers (Al-Laylaa 1991). Back-haul consists of 
using a crude oil tanker to carry freshwater back to water-deprived areas, and the 
shuttle method involves the use of dedicated water tankers that carry only water to be 
delivered, and then return empty to the country of origin. Major concerns are the cost 
of water, required treatment and the dependability of the supply. Costs associated with 
the back-haul means of providing water include the cost of the water at the source, 
transportation costs, loading and unloading costs, and costs associated with pipeline 
infrastructure to convey the water to urban areas. In addition, availability could 
possibly be limited in direct relation to the oil market. The cost of water delivered by 
these methods was estimated in 1991 at $1.61 per m 3  (Al-Layla 1991), with 
transportation accounting for $1.2 of that amount, $0.2 to $0.75 for water purchase, 
and $0.04 to 0.07 for tanker cleaning. 

In order to make dedicated tanker transport cost-effective, large-capacity trucks 
would have to be used over short distances, with rapid loading and unloading times. 
The estimated cost of this method ranges between $1.30 and $1.75 per m 3 , including 
the purchase price (Al-Layla 1991). The major limitations were capital investment to 
purchase the tanker fleet, associated operation and maintenance costs, and storage, 
loading and unloading facilities. 

Costs for the rubber bag method of transport, wherein large bags of freshwater 
are towed through the Mediterranean and Red seas, were estimated at $22 per m 3 . 

This did not include the cost for loading/unloading, storage or distribution. As is 
evident, the water would be extremely expensive. 

All of these methods involve an element of uncertainty, particularly in terms of 
long-range planning. The current estimates of the cost of water importation and 
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delivery often exceed those for desalination, especially in the Gulf countries, where 
energy is both abundant and inexpensive. Funding for desalination is more flexible: 
the capital expenditure for desalination can be carried gradually in stages (Dabbagh et 
al. 1993), whereas a pipeline must already be in place before water delivery can be 
made. 

Groundwater resources in the ESCWA member countries are already being 
mined at a rate that far exceeds natural replenishment. This leads to a drop in the 
water level, making water increasingly more expensive to process because deeper wells 
are required, as well as pumping and casting costs. Some deep aquifers are located at 
a depth of 1 km or more. Production costs are reflected in the depth to the 
groundwater table, the efficiency of the equipment, and height of the water tower 
required. Groundwater from shallow alluvial aquifers is much cheaper to recover than 
that contained in deep aquifers; however, capacity is limited. Fossil groundwater is 
more abundant owing to extensive aerial coverage of some of the deep aquifers 
throughout the Arabian Peninsula. For example, the cost of water production from 
shallow aquifers in Saudi Arabia ranges from $0.2 to $0.6 per m 3 , energy costs being 
subsidized. In comparison, production costs for water from deep aquifers ranges 
between $0.4 and $1.1 per m 3 , including treatment costs. The cost of groundwater in 
Jordan is estimated to be $0.41 for shallow aquifers, while for deep aquifers the cost 
is comparable to desalinated water produced in the countries of the Peninsula. 

The above review of the various water production and importation schemes 
indicates that desalination can be a cost-effective answer to water shortages. The 
output of a desalination plant can be adjusted according to capacity limits. They can 
be constructed in close proximity to urban centres where the water is to be used, 
making the system less vulnerable to outside intervention, especially for inland 
facilities. In addition, technological developments may lead to further reduction in 
water production costs, making desalination a more attractive and cost-effective means 
of providing water. The costs of producing desalinated water in different parts of the 
world are shown in table 10. Low production costs for the Gulf States of the Arabian 
Peninsula is attributed to energy subsidies. The cost of electric power generated by 
the desalination plants and sold to the public is included in the estimation of water 
production costs, depending on plant capacity. Production costs range from US$ 1.3 
to US$ 2.02 per m 3 , as shown in figure 6. Current cost estimates show that 
desalination is economically competitive and can be less expensive than either pipeline 
systems or truck transport. 

2. Desalination constraints 

The major constraint to worldwide utilization of desalination technology is the 
high cost of production. High capital investment in desalination infrastructure, together 
with energy costs, poses a major limitation to many countries. The availability of 
financial resources and subsidized energy costs has resulted in increased utilization of 
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desalination without regard for efficient energy use. This has resulted in high 
production costs. Increased oil prices, however, have resulted in concentrated efforts 
to streamline and economize the desalination process in order to make it cost-effective. 
Currently, trends in desalination include dual-purpose plants that provide water as well 
as energy. This is expected to reduce not only energy consumption but water 
production costs as well. 

Another important consideration for countries that depend largely on desalination 
is the possibility of sabotage or a sudden breakdown of the plant. Sabotage, 
unfortunately, cannot be entirely eliminated. However, desalination technology is 
currently geared towards the improvement of infrastructure and longevity within the 
plant, so that the likelihood of plant shut-down is minimized. Improvements in 
technology, however, have reached a point where desalination has become competitive 
with traditional water sources, and advances are expected to continue until the method 
is perfected as far as possible. 

The construction of a large number of desalination plants may have detrimental 
effects on the surrounding ecosystems. Early desalination plant construction 
emphasized water and power production with little consideration for environmental 
impact. Desalination plants can cause air and water pollution as a result of the 
combustion process they employ. The release of carbon oxides and other gases into 
the air affects air quality of the surrounding area. Water pollution may result when 
concentrated brine is discharged back into the feedwater source. Discharge effects may 
be categorized as physical, chemical or biological, owing to increased salt 
concentration and to residual treatment chemicals and trace elements picked up within 
the plant. Physical effects refer to the consequences of releasing hot brine. Chemical 
effects occur as a result of increased brine concentration, treatment chemicals 
remaining in the brine, as well as trace elements resulting from corrosion. Biological 
effects are the change in biological oxygen demand in the water from its intake value 
to its final value at the point of discharge. The degree of brine salinity depends on the 
original salinity of the feed water and the amount of desalinated water which has been 
extracted. Recovery from sea water produced intensifications ranging from 20% to 
68% depending on the type of desalination process used. This translates into a 
concentration ratio of 1.25 to 3. Reverse osmosis and electrodialysis range from 50% 
to 90%, with corresponding salinity concentrations 2 to 10 times greater than the 
original feed water. Treatment chemicals and internal plant corrosion cause heavy 
metals such as copper, iron, nickel, and molybdenum to be released in the brine. The 
amount of ions is directly related to the water's pH and the concentration of materials 
released from the plant. Evaluation of the effects of discharge depends, to a large 
extent, on the physical characteristics of the marine environments where the brine is 
released. Environments that are semi-closed or inhabited by sensitive or high-value 
organisms are most vulnerable. Effects in an open environment with active currents 
will only be noticeable within 300 metres of the discharge point. 
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Inland disposal is resorted to when desalination plants are located far from large 
water bodies. This is usually the case with RO and ED desalination of brackish water. 
Options for brine disposal in this case are: pumping into evaporation ponds, injection 
into deep underground formations, spreading on unusable and land, discharge through 
pipelines into sewers, rivers or other water bodies, or concentration of solid salts. Cost 
plays an important role in choosing the method of disposal. Costs may range from 5% 
to 33% of the total cost of desalination, depending on waste concentration 
characteristics, level of treatment before disposal, the means of disposal and the nature 
of the environment where disposal takes place. While deep well injection may cost 
between $0.1 and $1.15 per 1,000 gallons of desalinated water, properly constructed 
lined evaporation ponds may be more costly. Concentration of salts using solar 
evaporation may cost between $1.15 and $1.85 per 1,000 gallons. Regardless of the 
type of land disposal used, there is always a risk of groundwater contamination, but 
the salt concentration method is the least invasive. 

Intake effects may result when raw water needed for desalination purposes is 
either screened to remove aquatic organisms, or when the filtered organisms are 
exposed to high temperature and pressure conditions within the plant. Both of these 
effects increase the mortality rates for aquatic plants and animals of all types. 

Future desalination: The current installed capacity of Government-owned 
desalination plants in the Arabian Peninsula is 2.02 bcm. Dependence on desalinated 
water has substantially increased during the last 15 years in most countries. Kuwait 
and Qatar seem to have sufficient desalination capacity to meet all of their current 
domestic and industrial water demand, while in Saudi Arabia, the United Arab 
Emirates, Bahrain and Oman, desalination accounts for between 47% and 75% of the 
domestic and industrial public supply. Only Yemen, with more rainfall, places little 
reliance (5%) on desalination. 

Additional desalination tends to be regarded as the easiest means of meeting the 
ever-increasing demand for water in the region. Most of the countries are constructing 
and planning significant expansion of their desalination capacity to meet future water 
requirements, as shown in table 7. Saudi Arabia, the largest producer of desalinated 
water in the region, is constructing additional plants with a capacity of 126 mcm for 
the major cities of Medina, Yanbu, Jeddah and Al-Jubail. Future plans call for an 
additional capacity of 213 mcm for the cities of Jeddah and Al-Khobar. The United 
Arab Emirates is also expected to increase its desalination capacity by 270 mcm in the 
near future for its urban centres at Abu Dhabi and Dubai. Kuwait is planning to 
increase its desalination capacity by 110 mcm by 1997. In Qatar, the current 
desalination capacity of 112 mcm at Ras Abu Fontas will be raised by 16 mcm in the 
near future, and an additional capacity of 88 mcm will be added to the system by the 
end of this century. In Bahrain, desalination capacity reached 75 mcm in 1993, and 
25 mcm of further capacity is proposed for Maharraq City, while a further 40 mcm of 
capacity is being studied as part of a privatization scheme for power and water. In 
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Oman, the current desalination capacity is 55 mcm and will be increased by 13 mcm 
with the construction of several smaller units by 1995. Current and future capacities 
for countries of the Peninsula are shown in table 11. They will reach 2.92 bcm by the 
year 2000. 

Desalinated water now constitutes 51% of the region's domestic and industrial 
water and is expected to constitute 58% by the year 2000. However, many existing 
desalination plants are heading towards the end of their economic life. In addition to 
the costs of new capacity (at least $30 billion as mentioned above), a huge investment 
estimated at approximately $20 billion will be needed after the year 2000 to replace 
the large number of ageing plants constructed during the period 1975-1985. The 
capital cost of new units is increasing, and operation and maintenance costs for 
desalination plants are very high as well. The average cost of desalinated water 
reaching the end user in the region ranges from $0.5 to $2.5 per m 3  (Bushnak 1993). 
Higher costs are expected for locations dependent upon small-scale desalination plants. 
Budget allocations for desalination have been adversely affected by falling oil revenues 
and by increased expenditure on regional defence. Many proposed new desalination 
projects are being delayed by budget restrictions, and new approaches, such as 
privatization plans, are being given serious consideration by several of the countries 
of the Arabian Peninsula. 

Technological evolution and development: Overexploitation of available water 
resources and increased water demand worldwide has focused attention on existing 
desalination technology to bridge the gap between supply and demand. Major 
development efforts over the last 10 years have focused on the improvement of energy 
efficiency and membrane performance and replacement. Current technological trends 
are oriented towards the use of hybrid processes with emphasis on innovative 
combinations of chemical-physical and electrochemical methods. The integration of 
desalination and energy production facilities provides an incentive for reduced 
desalination energy costs. Energy costs represent a major portion of the total cost of 
the desalination process. The Gulf countries report lower production costs in 
comparison with the rest of the world, owing to energy subsidies. Efforts are currently 
being geared towards the use of a single energy source to perform several functions 
within the plant, a process known as cogeneration. Hybrid desalination processes have 
been developed in which sea-water plants using various processes are built at the same 
site, making use of the electrical and thermal energy produced in the process. Such 
plants use evaporation processes in combination with reverse osmosis. Electrical 
energy is supplied by local power facilities or by gas-turbine generation, and heat from 
the power plant is used to preheat feed water for the desalination plant. A portion of 
the electricity generated and exhaust heat from the turbine would power the 
desalination plant. This combination improves the efficiency of energy utilization. A 
cogeneration scheme involving an RO plant would include using part of the electricity 
generated to power the desalination plant, with the remainder being sold to the public. 
Exhaust heat from the gas turbine could be used to provide steam to operate thermal 
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MED units. This scheme allows optimum energy use while providing flexibility to 
meet variable water demand. The cogeneration arrangement also allows the RU units 
to operate at maximum capacity in conjunction with the operation of the thermal plant. 

The principles of building energy production and desalination plants jointly and 
integrating the different desalination processes into one plant is the focus of future 
development in desalination throughout the world. Efforts are also being invested in 
further improvements in the process, equipment and knowledge of the desalination 
process. There is a consensus in the desalination industry that MSF distillation has 
reached maturity, and no further substantial progress is expected. Other thermal 
methods, however, will continue to be refined and improved. Work is being done to 
create reliable, large, low-temperature alternatives using MED or TVC units. Lower-
cost material is also expected to be used in the construction of MED and VC 
distillation plants. Technical advancements are expected in membrane processing, and 
concentrated efforts are under way in many countries where membrane separation is 
used. The combined experience of owners and manufacturers of RU plants will lead 
to improved product design and operational procedures. Improvements are still needed 
in pre-treatment of feed water, especially for surface sea-water intakes. The 
development of low-cost UF membranes is expected to result in an economical 
alternative to feed water pre-treatment. 

Other aspects of the desalination process which are being studied and further 
refined include the use of chemicals to reduce scale deposits, improved structure and 
materials for heat transfer surfaces where the evaporation process is used, the use of 
corrosion resistant materials, increased resistance of RO membranes, improved 
membrane selectivity, improved water production per unit area of membrane, and 
improvements in the efficiency of auxiliary equipment involved in the RO process. 
Improvement in desalination processes may lead to a reduction in operation and 
maintenance costs. Substantial progress has already been made in the improvement of 
the MSF process. Nevertheless, further perfection in processes such as enhanced heat 
transfer will make continuous operation possible. Improved scale and corrosion 
control, flow range, workmanship and automated monitoring and control will also 
improve the efficiency and longevity of desalination by this method. The MED 
process is also well developed; however, specific aspects, such as the use of thin 
titanium tubing, need to be improved to maximize efficient heat transfer. Further 
improvement is also needed in the area of raw sea water entering from outside the 
plant. Vapour compression in combination with MED units need further development 
in compressor design to enhance their efficiency and reliability and provide higher 
capacities. 

The membrane processes of RU and electrodialysis are potentially applicable to 
large-scale sea-water desalination. Improved membrane efficiency and technology are 
expected to lower production costs and make these processes more reliable. New 
membrane manufacturing processes such as plasma polymerization or radiation-induced 
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grafting may result in membranes with higher specific fluxes, higher temperature 
tolerance and high chemical stability, as well as anti-fouling mechanisms. Improved 
backing materials will allow production of compaction-resistant membranes and will 
enable operation at higher pressures. It is expected that these improvements will result 
in conversion rates as high as 50%, thereby decreasing production costs. 

Integrated water resource management: The ESCWA member countries are 
faced with the major challenge of managing their limited water resources. The need 
to improve water sanitation has added a further constraint to the provision of 
freshwater. Water management programmes have largely been oriented towards 
providing adequate supplies of good quality water to urban and rural communities, 
while trying to preserve environmental equilibrium, which counterbalances increasing 
economic development. Some of the ESCWA member countries, particularly the Gulf 
States of the Arabian Peninsula, are financially capable of using innovative desalination 
technology to offset water shortages. The use of desalination has been employed, in 
varying degrees, in a number of the countries. However, water scarcity, economic and 
social barriers, and lack of efficient water management practices have all imposed 
limitations on the use of desalination within most of the countries. The major 
constraint has been disaggregation of authority and lack of coordination in water 
resources development and management. 

The solution calls for integrated water resource planning and management within 
each country. Such integration must include both conventional surface and 
groundwater sources, as well as non-conventional water resources such as desalination 
and wastewater renovation, while taking into consideration quantity and quality 
requirements. The multisectoral nature of water use dictates that water must be 
optimally allocated, with emphasis on cost recovery. In addition, water utilization, 
especially from non-renewable sources and costly desalination, must be supported with 
concurrent water conservation measures. 

Integrated water resource development and management, as envisaged in Agenda 
21, emphasizes the use of water sources to satisfy basic needs, while safeguarding 
environmental ecosystems. Agenda 21 objectives further stipulate that beyond basic 
water requirements, appropriate fees should be assessed to reflect water production 
costs. 

Most of the countries of the Arabian Peninsula have directed their efforts 
towards satisfying domestic demand. Water of ample quantity and quality has been 
provided to both urban and rural communities. Even Yemen, in spite of limited 
financial resources, has made significant progress in improving the urban water supply. 
Substantial investments have been made by most of the countries in the desalination 
process to meet public demand. However, water has been provided to the residents at 
a cost substantially lower than actual production costs. The current policy of 
subsidized water pricing, together with the absence of conservation campaigns, has 
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encouraged wastefulness. The financial burden of such inefficiency will ultimately rest 
on the Governments of these countries in the form of additional desalination plants 
which will be required to handle increased demand. Environmental strains with respect 
to the volume of water generated, both treated and untreated, as well as urban 
groundwater rise, will also become burdens for each country where conservation 
methods are not enforced. Each country must develop an integrated water resources 
development programme that encompasses renewable and non-renewable groundwater 
sources, desalination, and renovated wastewater, in order to attain sustainable resource 
utilization. Sustainable development of all water sources must be achieved at both the 
national and international levels to manage local and shared water resources better. 

An integrated water resources development and management scheme for the 
countries of the Arabian Peninsula is essential to optimize water allocation. 
Optimization can be achieved through appropriate pricing policies and regulations. 
Schemes should take into consideration socio-economic factors. Dependence on 
desalination dictates that water pricing mechanisms reflect, as far as possible, the true 
cost of water production and delivery, as well as the ability of the public to pay. Field 
tests of public acceptance and finances would be in order prior to implementing pricing 
policies. Appropriate pricing mechanisms should be implemented in conjunction with 
management practices which promote conservation. Emphasis should be placed on 
education of the public concerning the importance of water and proper management. 
These measures will not only improve water utilization efficiency, but could defer 
construction of additional desalination plants, thereby contributing to the shift of 
financial resources from water to other sectors such as social and/or economic 
development. 

Integrated water resources development and management incorporates the 
application of modem technology to manage existing supplies and produce new 
sources. Such concepts as capacity-building and public participation in the decision-
making process are integral parts of integrated water management systems. 

To cope with future water demand in many of the ESCWA member countries, 
emphasis must be placed on efficient management of water resources, as outlined in 
the conservation programme of Agenda 20, and in Agenda 21. It is essential that each 
country of the region establish an up-to-date water plant that not only emphasizes the 
sustainability of water resources, but promotes a number of important policies such as 
optimum allocation of water in accordance with market values, availability of 
additional water sources at reasonable cost, conservation, pollution control and 
improvement of the coordination of efforts between water institutions. Technical 
research and development, as well as manpower development and training, are also 
essential aspects of any water programme. Key policies for short- (1990-2010) and 
long-term (20 10-2050) goals should be designed for urban, industrial and agricultural 
development, capacity-building, water pricing, development and improvement of 
appropriate technology, institutional arrangements and water importation. An 

215 



institutional infrastructure capable of coordinating and managing complex water 
policies within each country, and between countries, must be recognized as a 
fundamental element in resource management. Finally, utilization of water resources, 
especially groundwater sources which most of the ESCWA member countries share, 
requires comprehensive regional coordination and cooperation in order to assure 
optimum development and management, and to avoid future conflicts. 

E. CONCLUSIONS 

The countries of the ESCWA region face continuing water shortages and 
probably always will. To overcome supply problems, many of these countries have 
come to rely on the desalination of sea and brackish water. Desalinated water, by 
necessity, has become a major supply component. Experience in the Gulf States 
demonstrates that desalination technology has developed to a level where it can be used 
to supply reliable sources of water at prices comparable to conventional sources. 
Desalination remains the most feasible alternative to meet future water requirements 
in the region. Costs are expected to decrease, making desalination increasingly 
attractive in comparison with water importation schemes. However, in conjunction 
with the use of desalination to augment existing supplies, the ESCWA member 
countries must implement an efficient programme which emphasizes an integrated and 
holistic approach to the management of water resources. It is essential that each 
country in the region establish a comprehensive water plan that not only stresses the 
sustainability of water resources, but promotes such important aspects as optimum 
allocation of water in accordance with market value, conservation, pollution control, 
and increased cooperation and coordination among water institutions. Research and 
development, as well as manpower development and training, are also essential aspects 
of any water programme. Key policies should address short- and long-term goals for 
agricultural development, capacity-building, water pricing, reduction of subsidies, 
development and application of appropriate technology, and an enhanced institutional 
infrastructure which is capable of coordinating and managing complex water policies. 
Coordination and cooperation within each country, as well as between countries, must 
be recognized as a fundamental element in a viable comprehensive, holistic and 
integrated water management system. 
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LX. APPLICATION OF ISOTOPE HYDROLOGY TECHNIQUES 
IN THE ESCWA REGION 

by 

MebusA. Geyh* 

A. IMPLICATIONS OF AGENDA 21 FOR ISOTOPE HYDROLOGY 

The implications of Agenda 21 for integrated water management in the ESCWA 
region provide a challenge to emphasize the application of modem technologies such 
as isotope hydrology in order to influence in a positive way the future direction of 
water management policies. The scarcity of water resources and the rapid increase of 
water demand in the ESCWA member countries require the rationalization of water 
utilization to sustain the water quality. For this task, various parameters must be 
known such as the size and quality of assessable water resources. Classical 
hydrogeological methods are only partly usable for the provision of this information. 
The application of modem tolls, such as numerical modeling for groundwater 
budgeting, remote sensing and satellite imaging, is essential. 

In and and semi-arid climatic regions difficulties exist in the geohydraulic 
modeling inasmuch as the groundwater may be partly or wholly fossil. Such modeling 
usually assumes hydraulic steady state conditions by which the proportion of renewable 
groundwater is overestimated. This is due to the fact that the actual gradient of the 
piezometric surface is only partly or not at all controlled by the recent groundwater 
recharge. The difference in gradient is due to the relict water head from one or several 
former pluvial periods. 

In order to enable model adaptations and to estimate precise rates of recent 
groundwater recharge in and regions, the application of isotope hydrologic techniques 
is indispensable (Verhagen et al. 1991). 

B. COMMON APPLICATION OF ISOTOPE TECHNIQUES IN APPLIED HYDROLOGY 

Isotope techniques are widely used in ESCWA member countries, such as the 
successfully operating Isotope Laboratory of the Water Authority in Jordan. There are 
various fields in which they are applied to solve local and regional hydrological 
problems. 

Tritium, a radioactive tracer of hydrogen with a half-life of 12.43 years, is used 
to detect recent groundwater recharge. Nuclear weapons tests contaminated the 
hydrosphere mainly at 1963/1964 and have marked the precipitation with a locally and 
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temporally varying isotope signature since then (figure 1). The latter is monitored 
worldwide by the International Atomic Energy Agency, Vienna (IAEA, 1960-1990). 
The presence of tritium in a water sample is definite proof of recent groundwater 
recharge. Under suitable hydraulic conditions, e.g. for continuously running springs, 
the turnover time of the groundwater can be calculated by various models (e.g. Richter 
& Szymczak 1992). 

Figure 1. Tritium values of precipitation in Central Europe since 1950. 
The input curve for the ESCWA member countries has a 
similar shape but different amplitudes 

zzw 

2000 

1800 

1600 

1400 

1200 

1000 

800 

600 

400 

200 

0 
1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 

The stable isotope compositions of oxygen, hydrogen and carbon help to 
determine the: 

Origin of the water (meteoric, vadose); 

To localize catchment areas and storm trajectories; 

To quantify the mixing of groundwater from different resources; 

To estimate turnover times up to 4-5 years; 

To distinguish groundwater recharged in different pluvials; 

To define processes in the aquifer which modified the isotope signature 
since the groundwater recharge occurred, e.g. evaporation. 
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For the evaluation of the corresponding isotope date, the usually given ö' 80 and 
2H values are plotted on a ' 80/ 2H diagram (figure 2). 

Figure 2. The isotope data of groundwater of meteoric origin fit the 
so-called meteoric water line (MWL) 

100 
90 
80 
70 

4) .c 
60 

E 50 
40 
30 
20 
10 

0 
30000 25000 	20000 	15000 	10000 	5000 	0 

conventional 14C water age (yr BP) 

The 14C  method is used to date groundwater by means of the dissolved inorganic 
carbon compounds (TDIC) in the range of 1,000 to about 40,000 yr BP. In and and 
semi-arid regions dating is very important to distinguish fossil groundwater resources 
from different pluvial periods (figure 3). 

The corresponding results of partly evaporated groundwater, e.g. from seepage 
of a braided river, are grouped right from that (evaporation line). The more negative 
the data, the lower the temperature at groundwater recharge. Therefore, water from 
higher altitudes or cooler climatic periods is isotopically more depleted than that from 
low altitudes and warm periods. 

Figure 3. Paleohydrological situation in the eastern Mediterranean based 
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C. ISOTOPE HYDROLOGY TECHNIQUES IN ESCWA MEMBER COUNTRIES 

There are three main fields for the application of isotope hydrological techniques 
in ESCWA member countries: 

The determination of precise groundwater recharge rates for the vast areas 
of deserts; 

The calibration of geohydraulic and numerical models and the correction 
of their results by means of isotope hydrological data for non-steady state conditions 
(discharge is not balanced by recharge); 

The support of groundwater mining studies. 

1. Groundwater recharge 

Precise groundwater recharge rates have to be determined for the vast areas of 
the deserts in the ESCWA member countries. Each square kilometre yields 1,000 
m 3 /yr from 1 mm annual recharge. This means, e.g. 2x10 9  m3/yr for Saudi Arabia 
alone. An overestimation of the actual contribution of rainfall to the groundwater 
recharge may result in wrong decisions in the water management policy. 

The Azraq springs in Jordan are an example. They discharged about 16 x 106 
m 3/yr before starting pumping in the 1980s. From 14C water ages of more than 15,000 
yr BP it was concluded that about two thirds of the discharge is fossil (Verhagen et al. 
1991). That means that only 5 x 106  m 3/yr are recently recharged or even less. This 
is not detectable by tritium measurements as the travel time is too long from the 
catchment area to the springs. 

In 1982, the ASWA well field came into operation with an initial abstraction rate 
of I 6x1 6  m3/yr. As a result, the hydrochemical and isotopic compositions changed 
(section 3), reflecting overexploitation. Based on an estimate of the actual sustainable 
groundwater recharge rate of 2.8 mm/yr or 36xl0 6  m3/yr by means of the chloride 
method, the abstraction rate has been increased to 40 x 106  m 3/yr (Almomani 1994). 
The discharge of several springs ceased, salination increased considerably and a 
reversal of the flow direction in the Azraq Basin mobilizing brine is considered as 
possible (Almomani 1994). 

The estimate of the recharge rate by the chloride method is questionable. This 
method is based on the concept that the chloride content in precipitation becomes 
enriched by evaporation during the process of groundwater recharge. Hence, the ratio 
of chloride concentrations of rain c (assumed to be 1.5 mg Cl/i in the Azraq Basin) 
and in the groundwater c,, ( 1.3 meq C 1/1=46 mg Cl/I) is a function of the recharge 
rate r[mm/yr] and the annual precipitation p ( 87 mm/yr): 
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r = . p = 2.8 mm/yr 

In and and semi-arid regions there is usually a wide variation in the annual 
precipitation, which is why the only reliable means is long-term monitoring of the 
rainfall. For the Azraq region a scatter of 20% is probable (Kattan 1994), but more 
important is the spread of the chloride data of the precipitation. The results for the 
Syrian Arab Republic (Kattan 1994) yield 16 ± 14 mg Cl/I. Adopting this estimate for 
the Azraq Basin, the chloride method cannot distinguish any recharge rate between 0 
and 6 mm/yr. 

There are three other fundamental problems involved in the application of this 
method: 

The chloride concentration may change temporarily during the course of 
a rain shower by up to one order of magnitude without knowing which part actually 
contributes to the groundwater recharge; 

The chloride concentration of fossil groundwater is compared with that of 
present-day precipitation, overlooking the possibility that during the pluvial periods the 
recharge rate or evaporation loss might have been different, as well as the chloride 
concentration of the rain; 

Finally, any geogen contribution of chloride from the aquifer is discarded. 

Owing to the increased demand for freshwater in the ESCWA region, a wrong 
water management policy may arise if groundwater recharge rates are overestimated. 
Hence, a reliable method to determine this important parameter for groundwater 
budgeting in the arid ESCWA region is highly recommended. 

2. Calibration of numerical modeling 

In and and semi-arid regions, non-steady state conditions dominate the 
groundwater systems and usually groundwater discharge exceeds recharge. Large 
proportions of such resources must be considered as fossil. The gradient of the 
piezometric surface allows the calculation of the Darcy velocity if the hydraulic 
conductivity is known. The tracer velocity determined by the ' 4C method is related, 
however, to that of the pluvial period when the groundwater was recharged. At that 
time the piezometric surface might have been different from today. On the other hand, 
the actual Darcy velocity only reflects the recent discharge but does not allow any 
conclusion on the contribution to the actual recharge. 
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Numerical modeling for groundwater budgeting is still based on the assumption 
of steady-state conditions. Interrupted periods of groundwater recharge (figure 3) are 
not taken into account, resulting in an overestimation of the actual groundwater 
recharge (Verhagen et al. 1991). 

There is a case-study from the Ad-Dawwa Basin in the Syrian Arab Republic 
where the geohydraulic model by ACSAD, Damascus, and BGR, Hannover, was 
successfully calibrated by 14C dates. The study area stretches from the flanks of the 
Anti-Lebanon Mountains in the west to the Sabkha Al-Mouh in the east. The annual 
precipitation decreases from 150-300 mm/yr to a maximum of 100 mm/yr in the same 
direction. Catchment areas are the Anti-Lebanon Mountains as well as the Northern 
and Southern Palmyrides. The latter form a water divide along a fault stretching from 
SW to NE (figure 4). The studied Turon/Cenoman/Coniac aquifer in the Ad-Dawwa 
Basin is confined. 

A hydrochemical survey of the groundwater within the Ad-Dawwa Basin showed 
that the central part contains predominantly freshwater while highly saline groundwater 
is found along the foothills of the Northern and Southern Palmyrides. Surprisingly, 
the 14C dates of groundwater prove that very recent groundwater containing tritium is 
highly mineralized while the huge freshwater resources in the centre of the basin have 
' 4C water ages exceeding 20,000 yr BP. Obviously, present-day groundwater recharge 
is so weak that it can only dissolve salt formed by weathering of the rock during the 
year and transport it into the aquifer. As a result, Holocene groundwater is only found 
within the aquifer below the Palmyrides; that means to a maximum of 10% of the total 
groundwater resources in the studied area. 

In the southern part of this aquifer system the 14C water ages increase from 
15,000 in the west to up to 35,000 yr BP in the east in agreement with the hydraulic 
flow direction reflected from the piezometric surface. At the beginning of the 
Holocene (Geyh et al. 1985) the aquifer was mostly filled with groundwater, and only 
in the east near the catchment areas was there some space for new groundwater. 

The geohydraulical model covers an aerial extension of 160 x 100 km 2  and 
assumes a thickness of the aquifer of 250 m and a porosity between 2.5% and 10%. 
Adopting these values the total volume of the groundwater resource is 100 x iO to 400 
x 109  m 3 . 

A Russian consultant (Selkhozpromexport 1987) postulated a groundwater 
recharge rate of 3% of the main annual precipitation corresponding to 58.2 x 106  m 3/yr, 
which should be balanced by the evaporation loss in the Sabkha Al-Mouh. Adopting 
these figures for the geohydraulic modeling and assuming a longitudinal extension of 
the aquifer by 200 km, a maximum height of the groundwater head above the 
depression (Sabkha Al-Mouh) of 400 m and a K value of 5 x 1 0 m/s, the tracer 
velocity should be 126 rn/yr for a porosity of 2.5% and 32 m/yr for 10%. This 
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corresponds to a transit time of the groundwater of about 1,000 or 4,000 yr only, 
respectively. As 35,000 yr were found, the hydraulic parameters used in the Russian 
study must be inaccurate as the aquifer would be already empty. 

Figure 4. There is a trend towards increasing conventional ' 4 C ages (kyr BP) 
of groundwater in the aquifer of the Ad-Dawwa Basin south of the 
Southern Palmyrides. The hatched line marks the water divide of a 
tectonic fault stretching from SW to NE. The oxygen isotope 
composition of the groundwater is uniform and corresponds to that 
of groundwater occurring at the flanks of the Anti-Lebanon 
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The ' 4C water ages agree with the geohydraulic modeling if the K value is 
reduced by one order of magnitude to about 1 x I 0 rn/s or even less. Pumping tests 
in the centre of the Ad-Dawwa Basin (ACSAD, 1990) yielded transmissities exceeding 
1,000 m 2/d with a mean of 23 m 2/d = 1.1 x 106  rn/s. Forced by the isotope results, 
Brunke (1994) adopted a hydraulic conductivity of 3.5 x 106  rn/s for the model and 
reduced the tumover time of the groundwater in the aquifer by a factor of 10. 

There is another case to be described: the groundwater resource is fossil without 
or with but the recharge rate is unknown. An example is a fresh groundwater saturated 
aquifer in the Thar Desert of Pakistan. It has a total volume of 10 km 3  and is 
completely embedded by brackish to saline groundwater. It was explored by both a 
resistivity and a helibonie electromagnetic survey. Indirect recharge occurring during 
flash-floods and some groundwater through-flow was assumed to replenish the resource 
from high mountains in the east. 

This fresh groundwater resource is located along the former course of the no-
longer-existing Old Hakra River. Between 4,000 and 3,500 yr BP its discharge 
gradually decreased as its headwaters shifted southwards. It stopped running 
perennially around 2,500 yr BP. 

An estimate of the maximum possible groundwater recharge of this groundwater 
resource was derived from 3 H values. All water samples from dug wells were below 
the detection limit of 1 .5 TU resulting in actual recharge rates of <0.8 mm/yr or <0.4% 
of the mean actual rainfall. In contrast, the ' 4C age/depth gradient of the groundwater 
of one test hole yielded a recharge rate of 4 mm/yr. This is at least five times higher 
than the actual groundwater recharge rate and can only be explained by river seepage 
in a former pluvial. The latter concept is supported by the 3180/2H  plot (Geyh et al. 
1992). The 6'0 and 8 2H values form a cluster along an evaporation line. A final 
support of this interpretation comes from the conventional ' 4C ages of 16 freshwater 
to saline water samples from the study area ranging from 7,700 to 15,900 yr BP. 
Applying a reservoir correction of -3,000 yr, the termination of the groundwater 
recharge of this resource coincided with the deterioration of the paleohydrological 
conditions within the desert belt, extending from North Africa to the Thar Desert after 
4,000 yr BP and the disappearance of the Old Hakra River. Present-day recharge of 
the Thar freshwater resource is absent. The groundwater is fossil as a whole. 

3. Groundwater mining 

The water management policy of fossil groundwater resources, of which natural 
discharge is not balanced by recharge, can only be modeled properly if the hydraulic 
system is well simulated. In order to check whether the model assumptions are 
correct, long-term and regional monitoring of environmental isotopes and the 
hydrochemical properties over a period of up to one decade may be helpful and 
sometimes even indispensable. One example is, again, the Azraq Basin in Jordan. 
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According to the former hydraulic and hydrogeological concept, present-day 
groundwater recharge counterbalanced the rate of groundwater abstraction. In contrast, 
the interpretation of the environmental isotope results using mass transport modeling 
showed that about two thirds of the pumped groundwater is derived from fossil relict 
groundwater recharged during former pluvial periods (Verhagen et al. 1991). 

The Azraq Basin is part of the NE/NW trending Azraq/Sirhan graben system. 
More than 1,000 m of Cretaceous, Tertiary and Quaternary sediments are present in 
its central part. The geological structure is characterized by a sequence of horsts and 
grabens (figure 5) of which the main graben is 8 to 10 km wide. Basalt overlies the 
sediments in the northern part of the basin in the direction of the Syrian Arab 
Republic. The main recharge area is around the Jebel Druze in the north, with a mean 
rainfall of 400 mm/yr. The whole region receives 800 mm/yr on average. From the 
catchment area, the water flows radially, partly SW to the Dhuleil region and partly 
SE to Azraq. in the centre of the Azraq Basin, several springs discharge into pools 
situated along the northern and western margins of sabkhas. There, the water partly 
evaporates or percolates into the phreatic aquifer, which contains highly mineralized 
groundwater. All groundwater to the SE is abstracted with increasing rates in the new 
ASWA well field since 1982. As a result, the discharge of the springs has decreased 
considerably (Almornani 1994). 

Figure 5. Very schematic N-S geological section through the area north of 
the Azraq Basin (Verhagen et al. 1991) 
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In the Dhuleil region west of the Azraq Basin, the exposed basalt aquifer is 
hydraulically connected to the 137/132 aquifer. Both form a phreatic aquifer. In the 
Azraq region, the basalt aquifer is linked to the Rijam aquifer B4 (figure 5). The 
pumped groundwater is predominantly low mineralized groundwater from the basalt 
aquifer mixed with water from the underlying B4 aquifer. The mineral content of the 
pumped water, which depends upon the pumping rate, is increased slowly by a rising 
admixture of highly mineralized groundwater due to the drop of the groundwater table. 

In order to make a forecast, the contribution of both aquifers—basalt and 
137/132—must be estimated. For this, a time series of ' 4C data has been determined 
since 1973 (figure 6). There is a clear trend that the ' 4C values decreased before 
1979/1980 and increased afterwards. Due to the consistency of the ' 4C values and the 
hydrochemical results of the samples collected after 1979, the interpretation of the 
isotope data is restricted to this period. 

The ASWA wells penetrate the basalt into the B4 aquifer (figure 4). The change 
in the 14C values for groundwater from the springs and wells (figure 5) as a function 
of time is governed by the rate of abstraction, which controls the degree of mixing of 
groundwater from the basalt and B4 aquifers. The chemical data of various well- and 
spring-water samples from the Azraq region were given by Rimawi (1985). 

Figure 6. Changes in the ' 4C dates between 1973 and 1979/1980 for 
various wells and springs in the Azraq Basin 
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In order to estimate the proportions of the two components, regionally 
representative bicarbonate and 14C values must be known for both the basalt and the 
B4 aquifer. The results are given in table 1. 
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TABLE 1. REGIONALLY VALID HYDROCHEMICAL AND ISOTOPE 
HYDROLOGICAL REFERENCE VALUES 

HCO3 	 ' 4C activity 
Aquifer 	 (mg/i) 	 (p MC) 
Basalt water 	 105 	 32.0 
B4 water 	 130 	 7.0 

The proportion of basalt groundwater q is calculated with the mass balance 
equation: 

in = m 1  x q + m2  x (1-q) 

where m, m 1 , and m 2  are the products of the bicarbonate contents and the 1 4C data for 
the mixed water, the basalt groundwater and the B4 groundwater, respectively. 

Because the 14C data for the two groundwater types differ, the inflow rates to the 
Azraq spring area can be estimated precisely. Before pumping began, the water 
discharged from the Druze spring contained 65% basalt water, when discharge from 
the pool ceased, it was about 100%. In the Qaysiyah spring, the basalt water discharge 
increased from 44% to 71% totally between 1979 and 1986. Even the water pumped 
from the B4 aquifer finally contained 35% basalt water (table 2). 

TABLE 2. PROPORTIONS Q OF BASALT WATER IN THE AZRAQ SPRINGS 

HCO3 	14C value 	 q 
Well (geology) 	(mg/I) 	(pMC) 	 (percentage) 

1979 	1986 	1979 	1986 
Druze spring 	 120 	20.9 	31.8 	65 	100 
(basalt/134) 
Qaysiyah spring 	140 	14.2 	19.0 	44 	71 
(Quaternary/134) 
AZ 8 well 	 125 	9.3 	14.2 	10 	35 
(Quaternary/134)  

The change in the inflow rates is explained by the hydraulic situation: owing to 
groundwater abstraction in the AWSA well field, the hydrostatic pressure in the B4 
aquifer decreased, and the ascent of B4 groundwater to the springs declined. The 
groundwater table in the basalt aquifer was not yet influenced because the B5 aquitard 
separated it from the B4 aquifer. The proportion of young basalt groundwater will 
start to decrease too, and spring discharge will cease. Highly mineralized water from 
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the shallow aquifer may then become increasingly admixed with freshwater from the 
deeper aquifer. 

Another example for useful future application of the isotope techniques is the 
area around El Lajjun, in Central Jordan (Bender et al. 1989). A water balance was 
numerically modeled for this rather complex aquifer system (figure 7). Many aquifer 
parameters had to be assumed. 

Based on the published data the spring discharge of the A7/B2 aquifer should 
be around 600 years old. Therefore, tritium may not be detected in the water samples, 
but the initial ' 4C value needed for the transformation of 14C values into absolute water 
ages can be estimated. The vertical seepage into the K.D. aquifer with an assumed 
total water volume of about 50,000 MCM might have a transit time of about 2,000 
years. Even if the horizontally inflowing groundwater has an infinite age, 14C analysis 
of the spring water from both the A4/B2 and the K.D. aquifers will enable a check to 
determine whether or not the used parameters of the numerical modeling has to be 
corrected. 

Both of these examples have demonstrated that a qualified water management 
policy in the and to semi-arid ESCWA region should be based on groundwater 
modeling calibrated with isotope hydrology results. 

Figure 7. Groundwater balance and aquifer system for the Mujib Basin 
(Bender et al. 1989) 
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D. SUMMARY 

The isotope hydrology techniques can be widely used in applied hydrological 
studies in the ESCWA member countries. There are, however, several fields where 
these techniques have a unique potential. Such special fields are the determination of 
the regional groundwater recharge rates for the vast areas of the Arabian deserts and 
the calibration of numerical models with their adaptation to non-steady-state conditions. 
Finally, groundwater mining studies should include isotope and hydrochemical analyses 
in order to improve numerical model assumptions on the aquifer system and to 
optimize the water management policy. 
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XI. REMOTE SENSING TECHNIQUES FOR COMPARATIVE STUDIES 
OF WATERSHEDS IN SELECTED BASINS 

IN THE ESCWA REGION* 

by 

Hamid M K Al-Naimy 

Introduction 

Water is the most important natural resource, and its availability is a major 
factor controlling the quality of human life. 

Water balance dynamics is a topic that has been addressed by remote sensing 
techniques from the very first satellite missions. Remote sensing literature reports a 
wide range of experiences in water resources applications concerning precipitation and 
run-off (Soil Conservation Service 1975; Rango 1990; Meijerink et al. 1994) as well 
as evaporation and soil moisture (Jackson 1983; Barrett 1990) and groundwater 
exploration. Potential water resources available in a watershed are linked to the actual 
water resources effectively usable for human activities and natural needs via some 
biophysical parameters that characterize the catchment area. Biophysical parameters, 
derived from remote sensing data, are intended here as quantitative indicators of 
changes in the surface characteristics of watersheds of either phenological or hydro-
climatological nature whose interactions and correlations can be used for modelling and 
prediction of environmental changing conditions. Evaporation and soil moisture are 
also important parameters for hydrology and agricultural meteorology, as well as 
extremely important in agricultural management. They affect the time of seeding, 
growth and development of crops and many tilling practices. In addition to this, soil 
moisture is an important factor in irrigation and yield estimation. 

Empirical models have been developed for estimating potential evaporation using 
Landsat MSS data (Idso et al. 1975; Kanemasu et al. 1978; Khorram et al. 1979). 

Jackson et al. (1977) found a significant linear relationship between the 
difference of daily evaporation and net radiation and post-noon canopy-air temperature 
difference for wheat fields under experimental conditions. 

NOAA-AVHRR thermal data are being processed to investigate the spatial and 
temporal variation in high and low frequency thermal inertia and evapo-transpiration 
(Jupp et al. 1990). The linking of regional water balance models with remote sensing 
to monitor soil moisture and drought has been achieved (McVicar et al. 1991, 1992). 

In the preparation of this document. Mr. Hamid Al-Naimy served as a consultant to the Economic 
and Social Commission for Western Asia (ESCWA). 
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The ESCWA region suffers from a shortage of water, since the region's climate 
is predominantly arid. New technologies are proposed to assess the water resources 
in the region. The availability of data and maps on surface water and underground 
water is of great importance in water resources management. Remote sensing 
techniques can make an important contribution to hydrological studies and monitoring. 

Using these techniques is the main objective of the ESCWA project for water 
resources assessment in the region, which is under execution by the Royal Jordanian 
Geographic Centre (RJGC). The output of the project will include regional 
hydrological and hydrogeological maps on a scale of 1/2,500,000, as well as detailed 
hydrogeological maps on a scale of 1/1,000,000, for three selected shared underground 
water basins (see annex to this paper). 

There will be a workshop for experts from the ESCWA member countries to be 
held by RJGC. The subject of this workshop will be the use of remote sensing 
techniques as applied in water resources assessment. This paper contains a short 
definition of remote sensing techniques, the principles and methodology. The 
physiography and hydrology of the ESCWA region are reviewed, along with the 
application of remote sensing techniques in the region. 

Finally, a few proposals for future development in the ESCWA region have been 
suggested in the conclusions section. 

A. REMOTE SENSING TECHNIQUES 

1. Principles 

Remote sensing is the science and technology by which the characteristics of 
objects of interest can be identified, measured or analysed without direct contact 
(Remote Sensing Note, 1993). 

The electromagnetic radiation which is reflected or emitted from an object is the 
source of remote sensing data. This source can be measured, and this measurement 
is based on either radiometry or photometry, with different technical terms and 
physical units. The device of detecting the electromagnetic radiation reflected or 
emitted from an object on the earth surface is called "sensor" (i.e. cameras or 
scanners); this should be carried out by aircraft or satellites, which are used as 
platforms. (Figures 1, 2 and 3 show the principles of these techniques.) All matter 
reflects, absorbs, penetrates and emits electromagnetic radiation in a unique way. For 
example, the reason why a leaf looks green is that the chlorophyll absorbs blue and red 
spectra and reflects the green spectrum. The unique characteristics of the matter are 
called Spectral-Signature, which can be determined, using reflected or emitted 
electromagnetic radiation, from the matter, that is, each object or matter has a different 
characteristic of reflection or emission if the type of object or the environmental 
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condition is different. 	Remote sensing is a technology for identifying and 
understanding the objects or the environmental conditions through the uniqueness of 
the reflection or emission. The reflectance is defined as the ratio of incident flux on 
a surface to reflected flux from the surface. This concept is illustrated in figures 1, 2 
and 3, which show the flow of remote sensing, where three different matters are 
measured by a sensor in a limited number of bands with respect to their 
electromagnetic characteristics after various factors have affected the signal. 

Figure 1. Data collection by remote sensing 
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object 

Figure 2. Flow of remote sensing 
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Figure 3. The bands used in remote sensing 

class wavelength frequency 
ultraviolet 100A —0.4p m 750 	3000THz 
visible 0.4 —0.7 p m 430 	750THz 

near infrared 0.7 - 	1.3p m 230 — 43OTHz 
short wave infrared 1.3 — 3 p m 100 - 230THz 

infrared intermediate infrared 3 	-8pm 38 — 100THz 
thermal infrared 8 - 14p m 22 — 38THz 
far infrared 14p m —1mm 0.3 	-22THz 
submillimeter 0.1 —1mm 0.3 	-3THz 

micro millimeter 	(EHF) 1 	-lOmm 30 - 300GHz 
wave centimeter 	(SHF) 1 - 10cm 3 - 30GHz 

radio decimeter 	(UHF) 0.1 	Im 0.3 — 3GHz 
very short wave 	(VHF) 1 - tOm 30 —300MHz wave 
short wave 	 (HF) 10 	-100m 3 - 30MHz 
medium wave 	(MF) 0.1 - 11cm 0.3 -3MHz 
long wave 	 (LF) 1 	- 10km 30 	-300kHz 
very long wave 	(VLF) 10 --100km 3 	-3OkHz 
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(a) Types of remote sensing with respect to wavelength regions 

There are three types of remote sensing with respect to wavelength regions: 

Visible and Reflective Infrared Remote Sensing: The sun radiates electro- 
magnetic energy with a peak wavelength of 0.5 Am. Remote sensing data obtained in 
the visible and reflective infrared regions mainly depend on the reflectance of objects 
on the ground surface. Therefore, information about matter/object can be obtained 
from the spectral reflectance; 

Thermal Infrared Remote Sensing: The source of radiant energy used in 
thermal infrared remote sensing is the object itself, because any object with a normal 
temperature will emit electro-magnetic radiation with a peak at about 10 m; 

Microwave Remote Sensing: In the microwave region, there are two types 
of microwave remote sensing: passive microwave remote sensing and active remote 
sensing. In passive microwave remote sensing, the radiation emitted from an object 
is detected, while the back scattering coefficient is detected in active microwave remote 
sensing. The classified three types of remote sensing with respect to wavelength 
regions are illustrated in figure 4. 

(b) Spectral reflectance of land covers 

The spectral reflectance is different with respect to the type of land cover; this 
is the principle that in many cases allows the identification of land cover with remote 
sensing by observing the spectral reflectance or spectral radiance from a remote 
distance removed from the surface. Figure 5 shows three curves of spectral reflectance 
for typical land cover; vegetation, soil and water. The vegetation (as seen in figure 5) 
has a very high reflectance in the near infrared region, though there are three low 
minima due to absorption. Soil has rather higher values for almost all spectral regions. 
Water has almost no reflectance in the infrared region. Figure 6 shows two detailed 
curves of leaf reflectance and water absorption. Chlorophyll, contained in a leaf, has 
strong absorption at 0.45 Am and 0.67 Am, and high reflectance at near infrared (0.7-
0.9 sm). This results in a small peak at 0.5-0.6 im (green colour band), which makes 
vegetation look green to the observer. Near infrared is very useful for vegetation 
surveys and mapping because such a steep gradient at 0.7-0.9 jm is produced only by 
vegetation. 

Because of the water content in a leaf, there are two absorption bands at about 
1.5 m and 1.9 m. This is also used for surveying vegetation vigour. Figure 7 shows 
a comparison of spectral reflectance among different species of vegetation, while figure 
8 shows various patterns of spectral reflectance with respect to different rock types in 
the short wave infrared (1.3-3.0 jLm). In order to classify such rock types with different 
narrow bands of absorption, a multi-band sensor with a narrow wavelength interval is 
to be developed. Imaging classification and ocean colour mapping. 
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Figure 4. Three types of remote sensing with respect to wavelength regions 
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Figure 5. Spectral reflectance of 
vegetation, soil and water 
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2. Methodology 
General 

Remote Sensing is a multidisciplinary system that combines several techniques 
such as sensors, platforms computer systems, sources of energy and image processing 
software, in order to get the optimal quantity of the information about an object by 
studying the physical characters of the digital response, in the given spectral bands. 
These spectral data are generated by air or spacecraft, such as Landsat, SPOT or 
NOAA. These data will be processed automatically by computer and/or manually 
interpreted and contain information about the surface and sub-surface features of the 
earth; therefore, they can be utilized in agriculture, land use, forestry, geology, 
hydrology, oceanography and environment. 

Quick look at hydrology in remote sensing 

In fact the different aerospace missions have made a considerable contribution 
to hydrology. To understand the hydrology of an area where the data are not 
sufficient, better insight into the distribution of the physical characteristics of the 
catchments is needed. By image-processing techniques, we can produce a land cover 
map which is the basis of the hydrologic response units. Limited attention is given here 
to the physical measurement of hydrologic variation by remote sensing, which is 
considered by many to be a challenge to the operational application of remote sensing 
in hydrology. 

Method of work 

Various types of remote sensing equipment and platforms are available nowadays 
(some specifically tailored for water problems) to water investigators. The most widely 
applicable sensors are the Multispectral Scanner Subsystem (MSS) on the Landsat 
Satellite, and the Very High Resolt'tion Radiometers (V1-IRR) on the NOAA 
meteorological satellites. 
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Observations over watersheds of particular events such as floods are provided 
at infrequent intervals and on a request basis. 

The Landsat MSS observations can be used successfully on watersheds covering 
areas from 10-20 km 2  in size up to watersheds covering approximately 30,000 km 2 . 

The relatively high spatial resolution (80 m) and the cartographic quality of the 
imagery from landsat have enhanced the use of satellite data for water resources 
monitoring. 
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In 1972 the National Oceanic and Atmospheric Administration had launched a 
series of environmental satellites providing daily, 1 km spatial resolution observations. 
The satellites are in a near-circular, sun-synchronous orbit at nominal altitudes of 850 
km. The payload of the NOAA environmental satellites include a number of sensors. 
One of them is the Advanced Very High Resolution Radiometer (AVHRR). This is a 
dual-channel scanning radiometer sensitive to energy in the visible spectrum (0.6-0.7 
jtm) and in the infrared (10.5-12.5 /zm). Once a basic knowledge of remote sensing 
capabilities is acquired, probably the best way to specifically become acquainted with 
advantages of remote sensing for a particular watershed problem is to obtain some data 
over the area of interest. These data can be processed and compared with previous 
knowledge and available data to develop potential uses. 
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The image database contains several sets of satellite imageries, the main sources 
for regional and subregional hydrological studies (such as Sopper and Lull, 1970): 

Landsat MSS imageries: this multi-spectral scanner sensing system has a 
resolution of 80 x 80 m2  for each pixel, 4 spectral bands from visible to near infrared 
(NIR), and its visiting period is 18 days; 

NOAA-AVHRR imageries: this advanced very high radiometric resolution 
system has a resolution of 1 x 1 km 2  for each pixel, 5 spectral bands from visible to 
thennal IR, and its visiting period is 24 hours. 

For NOAA data, an automatic procedure makes it possible to extract 512 * 512 
pixel windows to cover the region of interest. Satellites are then geometrically 
corrected for the panoramic distortion caused by earth curvature, scan angle and 
satellite altitude, using navigation parameters, and are transformed into the appropriate 
projection. Being spread over several months or even years, the digital numbers of the 
imageries are converted to physical radiances, through a radiometric correction process 
using calibration coefficient. 

As any image involves radiometric errors as well as geometric errors, these 
errors should be corrected. Radiometric correction is to avoid radiometric errors or 
distortions, while geometric correction is to remove geometric distortion. The 
radiometric distortion occurs when the observed energy does not coincide with the 
energy emitted or reflected from the same object observed from a short distance. The 
geometric distortion is corrected by establishing a relation between the image 
coordinate system and the geographic coordinate system. 

New synthetic imagery files are then to be derived using appropriate procedures 
to get vegetation index, soil moisture, land cover, and lineament maps. 

3. Application of remote sensing in hydrology 

The various major environments and components of the hydrologic cycle can 
be broken down into the atmospheric, surface, and subsurface environment (where 
water is stored); there are fluxes of precipitation, evapo-transpiration and run-off (run-
off is the hydrologic variable that is most often used by hydrologists and water 
resources planners). The objective most sought by hydrologists is the accurate and 
timely prediction of run-off rates and run-off volumes at a given point of drainage 
basin. Another way to view the water deposition and redistribution process is to 
recognize that the watershed or catchment area responds to the deposition of rainfall 
by continually adjusting its stream network and surface cover to transport the water out 
of the watershed via run-off, evapo-transpiration, and groundwater fluxes. As such, the 
watershed geology, soils and vegetation modulate or control the rate at which rainfall 
is manifested as run-off or other fluxes (Gray 1979). 
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Considerable effort and progress have been made in improving the conventional 
means of observing water resources and associated watershed characteristics. These 
measurements are made at one point only, or at widely separated points. Thus, it is 
difficult to monitor adequately the spatial variability in phenomena such as soil 
moisture or rainfall. In view of these difficulties, there is a need to utilize and 
understand the advantages offered by remote sensing approaches, which basically offer 
a capability for repetitively monitoring large areas with high observational density that 
can accurately depict spatial and temporal variability. 

(a) Rainfall 

The climate variation which affects the magnitude and timing of run-off is the 
amount and distribution in time and space of precipitation. Precipitation serves as the 
basic input to the drainage basin and is modulated and distributed by the watershed soil 
and surface cover, geology and drainage character until it is manifested as the basic 
output parameter—the run-off, precipitation is quite variable in space and time with 
attendant sharp gradients; therefore, it is difficult to observe with conventional rain 
gauges. 

Considerable effort has been devoted to utilizing the basic advantage of satellite 
coverage; namely synoptic coverage, to better observe precipitation (Martin and 
Scherer 1973). All portions of the spectrum can be used to attempt observations of 
precipitation. The visible observations can be enhanced to delineate the heaviest and 
most dense clouds such as those associated with cumulonimbus clouds. This kind of 
work has been accomplished using synchronous meteorological satellite observations, 
and the results have closely resembled ground-based radar observations (Sikdar, 1972). 

The data can be obtained from satellite imageries in two ways: 

Estimation of the daily rainfall depth, using the data from weather 
satellites. In regions with convective rainfall, the gauge density is insufficient to obtain 
areal rainfall estimates of short periods, such as daily rainfall. This is apparent from 
the low correlation coefficients between the daily rainfall of stations only, for example, 
10 km apart. The spatial resolution of the geostationary METEOSAT is in the order 
of 5 to 10 km, adequate for estimating rainfall over larger catchments. The advantage 
of this satellite system is the high temporal resolution required for convective rainfall 
(Meijerink et al. 1994). 

Interpretation of vegetation patterns over longer periods, by interpreting 
the response to the past rainfall. In regions with annual rainfall of less than 1,500 mm 
or so, and with strong rainfall gradients, the vegetation patterns as observed on the 
multi-spectral imagery of the higher spatial resolution sensors, e.g. Landsat, may be 
related to the spatial rainfall patterns. The method requires interpretation of the areas 
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on the image where the semi-natural and natural vegetation have responded to the past 
rainfall. 

The method is effective where there are not sufficient data (I rain gauge/several 
thousand km 2 ). A much denser vegetation in a certain area corresponds to higher dense 
vegetation in dark zones, which means high rainfall, taking into account the irrigated 
and forest areas. 

(b) Evaporation and evapo-transpiration 

The evaporation differed in the loss of the water from the earth's surface in a 
vapour form. It occurs as evaporation from open water and moist soil surfaces and as 
transpiration from living plants as part of their respiration and photosynthetic 
processes. In arid regions, nearly all the input in the form of rain is lost through 
evaporation; even in humid regions, one half of the water balance can be attributed to 
evaporation. 

Traditionally, the actual evapo-transpiration was recognized as the superior water 
balance parameter for global productivity estimation. Using an energy balance 
approach, the actual evapo-transpiration can be moistened using parameters derived 
from satellite data. Moreover, evapo-transp i ration was demonstrated to be a parameter 
more rapidly responding to changing water conditions, and it can be an alternative to 
the rainfall parameter. 

Evapo-transpiration is the integral to the hydrological and climatic processes of 
the earth and its atmosphere. The current emphasis on global change research makes 
it important to understand and measure the evapo-transpiration and its effects on earth 
processes. Much research has been focused on the microclimatic aspects of evapo-
transpiration to develop a theoretical basis for understanding this process. Given the 
necessity for assessment of large areas in global change research, methods need to be 
developed that will address regional and global measurements in some quantitative 
manner. 

Remote sensing data are suitable to assess large areas, and considerable effort 
has been made to characterize vegetation using satellite data. A relationship exists 
between spectral reflectance and vegetative characteristics. These relationships allow 
the use of spectral transforms to define biophysical parameters for plants. The 
Normalized Difference Vegetation Index (NDVI) has been shown to be related to plant 
canopy variables, which also related to evapo-transpiration. Wiegand et al. (1979), 
Holben et al. (1980), Weiser et al. (1986), and Seevers and Ottmann (1994), have 
shown a relationship between NDVI and green leaf area index, photosynthetically 
active bio-mass. 



Bausch and Neale (1987) used a hand-held radiometer, which measured radiance 
in three bands similar to Landsat thematic mapper (TM) bands 3, 4 and 5, to 
demonstrate the similarity of a seasonal NDVI curve. 

The information of evaporation can be obtained from satellite data by measuring 
the albedos and surface temperatures in a distributed manner. The change in albedo of 
and lands is an indicator of changes in surface soil moisture. In general the darkening 
of an arid land surface indicates an increase in the land quality due primarily to 
changes in vegetation. Albedo has been proposed as one of the possible indicators of 
desertification. 

Lagouarde (1991) found a good consistency between the results of an 
agrometeorological model and satellite derived data. Lagouarde et al. (1993) proposed 
a simple algorithm, and only one unique value of an empirical constant, for estimating 
the upward long wave component of the surface measurement derived from NOAA-
AVHRR. Bryceson (1993) discussed methods using NOAA-AVHRR data for obtaining 
an estimate of rainfall surface and of a moisture index, in conjunction with field data 
in Australia. Because of the importance of soil moisture for both agriculture and 
hydrology, we should consider the use of remotely sensed data in the visible, thermal 
and microwave (radar) parts of the spectrum. 

Soil moisture 

This is a temporary storage of precipitation within a shallow layer of the earth 
that is generally limited to the zone of aeration, which approximately coincides with 
the root zone. Water temporarily stores as soil moisture; it can be returned to the 
atmosphere through direct evaporation from soil surface or by the way of plants 
through transpiration, or it can be a saturated zone as groundwater recharge and 
eventually transmitted as groundwater flow to stream channels. 

Various attempts have been made to apply remote sensing techniques to the 
determination of the areal distribution of soil-moisture content in the uppermost layers 
of the ground. 

It was originally noted that photography often showed the delineation of regions 
with very high soil-moisture content. This is because of the change in the absorption 
or the reflectance spectrum in the visible region, which occurs in soil on the addition 
of water. 

Water quality 

The remote-sensing methods utilizing photography, radar, and multispectral 
analysis of both reflected sunlight and infrared emissions have been very useful for the 
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determination of several physical and biological characteristics of bodies of water, such 
as temperature, colour, algae growth, shape, distribution of oil, and to some extent, 
dissolved oxygen. These methods, however, have not been fully developed for 
detecting one of the most important aspects of water quality: its chemical composition. 

The chemical composition of water can be measured by collecting samples and 
subsequently analysing them in a laboratory. The use of remote sensing techniques 
involving spectrometers or multispectral scanners for identification of the chemical 
composition of large water areas requires infonnation on such instruments, and on 
specular reflectance of samples of fresh and saline waters, and of clean aqueous 
solutions prepared in the laboratory to contain measured amounts of chlorides, sulfates, 
phosphates or nitrates. 

(e) 	Vegetation 

The vegetation layer defines the components of the run-off, the evaporation, the 
soil moisture and the groundwater. As indicator, vegetation cover and its spatial-
temporal dynamics are linked to the quality of the rainfalls and their impact on the 
environment in the catchment area. The key role of the vegetation as indicator in 
remote sensing has been largely demonstrated in recent years by the broad use of the 
vegetation indexes in different application contexts. Of course, vegetation has an 
important effect on water budgets because of the evapo-transpiration losses and rainfall 
run-off responses. (The rainfall run-off is influenced by the status of the vegetation.) 
The indicator for this status may be the simple normalized difference vegetation index 
(NDVI) as mentioned above. 

The vegetation indices in remote sensing are combinations of reflectance of two 
or more bands. All pixel values for each data set were converted to spectral radiance 
values. The conversion process revealed the raw digital counts by using the calibration 
coefficients for the specified satellite sensor (Price, 1987). These spectral radiance 
values were then transformed to the NDVI values, by using the following calculation 
(Seevers and Ottmann, 1994): 

Radiance (infrared band) - Radiance (red band) 
NDVI = [[ 
	

lix 100 
Radiance (infrared band) + Radiance (red band) 

The results of NDVI images can be used in the estimation procedure of the 
evapo-transpiration; since the application of atmospheric corrections for purposes of 
data calibration is highly controversial and lacking in acceptable parameters, no 
corrections were applied. 

Usually in the visible red band and the near infrared band, the most common 
vegetation index is the normalized difference vegetation index: 
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Rnir  - R, 
NDVI= 

Rnir + R5 

where Rnr  is the reflectance in the near infrared and R 5  is the reflectance in the visible 
spectrum. 

While in NOAA-AVHRR imageries 

Ch2  - Ch, 
NDVI =  

Ch2  + Ch 1  

where Ch is the digital numbers forming the matrix of the corresponding channel data. 
NDVI is a bounded ratio ranging in value from -Ito +1. The index was developed by 
Rouse and others in 1974, Landsat bands 7 and 5, while Townshend (1981) exchanged 
them for the similar AVHRR Ch 2  (near infrared band), Ch 1  (visible band). From some 
typical spectral signatures of ground objects, the effects of the difference over the total 
can be readily noted. Clouds, water, bare soil and low green vegetation density and are 
associated with negative or low values. 

Concerning the Global Vegetation map, NOAA-AVHRR data are very useful for 
producing such maps, which cover the whole world. NOAA has edited global cloud-
free mosaics in the form of GVI (global vegetation index) on a weekly basis. The GVI 
data include information about NDVI. Though the original resolution of NOAA-
AVHRR is 1.1 km per pixel of equation, the GVI has a low resolution of 16km x 16 
km per pixel at the equation. In spite of the low resolution, the GVI is useful for 
producing a global vegetation map. 

(0 Groundwater 

This term refers to all water stored beneath the surface of the earth in aquifers. 
In order to use groundwater, it is necessary to locate the aquifer (size, extent and 
depth), to estimate recharge and discharge rates of water, and to assess the effects of 
well extraction on its integrity. Through the visual interpretation, Waters et al. (1990) 
review the applications of remote sensing to groundwater hydrology and, as may be 
expected, they conclude that imageries have to be used in conjunction with other 
available ancillary information. The vegetation covers can be mapped and the use of 
the vegetation can be estimated for water budgets. In particular the clear response of 
crops to irrigation from groundwater is a valuable means of rapidly assessing the 
location and extent of areas with groundwater drafts. 
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Lineament, defined as a line feature or pattern interpreted on a remote sensing 
image, reflects the geological structure, such as faults, fractures and broken-up flexures. 
In this sense, lineament extraction is very important for the application of remote 
sensing to geology. Computer generated lineament would involve all linear features of 
national terrain as well as artificial structure, which has to be removed by interpretation 
(lineament extraction is useful for geological analysis in oil exploration in which oil 
flow is along faults, oil storage with faults). 

Lineaments play an important role in groundwater studies, particularly in hard 
rock regions. For such studies the remote sensing imageries have to be transformed to 
optimally enhance the surface features of interest. An adequate knowledge of the 
catchment areas, of water divides and the surface drainage is one of the basic factors 
in groundwater exploration. 

4. Mapping 

The application of the high resolution imageries is map updating. The 
panchromatic imageries of the SPOT system with resolution of 10 m is best suited for 
this aim, in conjunction with color-coded multispectral imageries for discrimination of 
features which may not be so apparent on the panchromatic imageries. The remote 
sensing techniques are used to delineate the boundaries of the different surface features, 
such as the permanent water bodies, rivers, muddy water and soil boundaries. The 
operation consists of the delineation of boundaries and determination of surfaces of 
individual features, such as permanent water bodies, shifted rivers, recent water 
training constructions and so on. The sequence of operation is: image enhancement 
techniques, geometric corrections of the image using map coordinates, and visual 
interpretation followed by digitizing. 

The ESCWA project consists of two scales mapping one at 1/2,500,000 scale for 
regional purposes, the other scale is 1/1,000,000 which is more detailed for the shared 
water resources monitoring and management. In NOAA imageries of 1 km resolution, 
each pixel represents 0.4 mm on the regional map, so it is suitable for mapping at this 
level, although it is better if there are 500 m resolution imageries. For the MSS 
imageries it is suitable to the 1,000,000 scale mapping since each pixel represents 
approximately 0.1 mm which is adequate for mapping purposes, at this scale. 

5. Modelling of run-off and water balance 

For the last two decades remote sensing data, in the form of multi-spectral 
aerospace data, have been available for use in hydrology. The potential of remote 
sensing in the framework of GIS is shown in the use of remote sensing data for rainfall 
run-off modelling in the lower meso-scale. 
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Although there have been a large number of scientific publications on the 
application of remote sensing to hydrology in recent times, practitioners have not 
accepted remote sensing in the way hoped by its advocates. This may be partially due 
to overselling of the potential of remote sensing in hydrology in the past. 
Nevertheless, it can be expected that in the near future remote sensing will play an 
increasing role in hydrology. 

There are several reasons for this: 

Large time series of remote sensing data are now available as well as more 
electromagnetic sensors. GIS are used in hydrology and were valuable for areal 
representation of relevant parameters and variables; 

The near future will provide hydrologists with new types of remote 
sensing infonnation (new sensors); 

The recent tendency in hydrology is towards macro-scale hydrological 
modelling (regional). 

Modelling requires data quantities with temporal and spatial resolution which 
cannot be provided by conventional observation techniques, particularly not in the 
remote areas of the world. 

The different scales require different types of models. For the niicro-scales many 
hydrological modelling approaches are available. Also for the lower meso-scales there 
are many modelling tools available, while large-scale hydrological models hardly exist. 
Figure 9 shows the relevant scales as seen in the fields of atmospheric science, 
hydrology and geography (Schultz, 1994). Although the allocation of various scales 
to areas in km 2  varies, it will be assumed that, according to figure 9 micro-scale ranges 
from 1 cm 2  to 1 k111

2 . nieso-scale from 1 km 2  to 100,000 km 2  and macro-scale starts 
from 100,000 km 2 . For regional purposes, upper meso-scale and macro-scale are 
considered. The meso-scale is presently subject to the greatest number of hydrological 
modelling activities, while macro-scale modelling has only recently started. Owing to 
the resolution in space, remote sensing is particularly suitable for meso-scale 
modelling. 

With the advent of remote sensing data digital elevation models and GIS, it 
becomes possible to apply distributed model parameters; they allow forecasts of the 
hydrological effects of land use changes. Hydrological models may use remote sensing 
data in two distinctly different fashions: 

Model for parameter estimation; 
Model input. 
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Figure 9. Classification of scales in hydrology (after Becker 
and Nemec 1987, modified) 
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Scientifically based hydrological models should have a structure that does not 
change from region to region; only the model parameter values are different in 
different regions, and the models have to be calibrated for each region separately. As 
mentioned above, if one deals with physically based distributed system hydrological 
models, many model parameters depend on the characteristics of the hydrological 
system, such as catchment characteristics or aquifer characteristics. 

Model input data can be estimated with the aid of remote sensing data, covering 
vegetation status, radiation and temperature values which are relevant for the estimation 
of evapo-transpiration (as input to rainfall/run-off models). 

There is obviously an interdependence between the resolution in time and in 
space in the hydrological model. A model for flood forecasting in a small catchment 
area requires high resolution in time and in space model, whereas a low resolution in 
time (e.g. monthly run-off data) can also cope with coarser resolution in space. 

Hydrological model elements derived from remote sensing and other 
information: Since hydrological model parameters depend to a large extent on 
catchment characteristics, the parameters may be derived from remote sensing 
information together with other data, e.g. maps, digital elevation model (DEM) and 
other GIS data (figure 10). 

Macro-scale hydrological modelling: Remote sensing applications on 
hydrology are mainly found in meso-scale modelling since: 

The space and time resolution of most sensors are suitable for this scale; 

Most rivers drain catchments of the meso-scale, often also called 
"catchment scale". 

So far macro-scale hydrological models have hardly been developed. 
Nevertheless there is growing interest in macro-scale hydrological modelling, for the 
following reasons: 

Based on experience obtained so far in meso-scale modelling, there now 
seems to be enough scientific know-how available for tracking the complex problem 
of macro-scale modelling; 

Modem water resources management requires optimization of integrated 
river basin systems of medium and large scale; 

The data scarcity in large regions, where many large rivers exist, was 
prohibitive for hydrological modelling. It is hoped that remote sensing will provide a 
significant quantity of relevant hydrological information. 
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Figure 10. Distributed system hydrological model using a sequential database 
(containing satellite and DEM data) for estimation 

Satellite imagery 	 Digital Elevation Model 
(DEM) 

Vegetation Surface Land 
Index Temp. Use 

Topographic 	Channel 
Indicator 	Network 

Elevation Slope 

	

Sequential Database 	1 
 

Precipition 	I 
Hydrolog 	

Runoff 

'-i Model 

Source: Schultz, 1994. 

272 



Finally, the best use of remote sensing can be made if these data are combined 
with other modern services of information, e.g. digital terrain models and digitized 
maps. The handling of all these data can best be done within the framework of GIS. 

B. WATERSHEDS 

1. Definition 

A watershed can be defined as a unit of area, which covers all the land which 
contributes run-off to a common point. Therefore, the watershed is a natural 
physiographic unit where inherent potential of land and water resources are depicted 
in a perceptible manner. Each individual watershed has many characteristics which 
affect its functioning, or the manner in which the incoming precipitation is disposed 
of These characteristics are: 

Topography 

Uniformity of slopes, degree and length affect both disposal of water and soil 
loss. The degree and length of slope also affect the line of concentration and 
infiltration opportunities. 

Vegetation 

This factor regulates the functioning of watersheds in many ways, including 
infiltration, retention, run-off, erosion, and sedimentation. The vegetation can be 
temporary (agricultural crops) or permanent (forests, grasslands and orchards). 

Drainage 

The drainage characteristics depend on topography (characteristics are density, 
length, width, depth of main and subsidiary channels, main outlet and its size). The 
drainage pattern will affect the time of concentration. 

Climate 

The climate parameters affect the watershed functioning and its manipulation in 
two ways: 

The regulation of rainfall, temperature, humidity, wind velocity and other 
factors such as soil and vegetation; 

Rain provides incoming precipitation along with its various characteristics 
including intensity, frequency and the amount of rainfall. 
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Geology and soil 

The formation of geology affects the disposition of water erosion, credibility of 
channel and hill forces, and occurrence of slides. This factor also determines sediment 
production. For instance some igneous rocks such as quartz and feldspar are hard and 
do not erode easily, whereas shales and phyllites erode easily and quickly. Physical and 
chemical properties of soil, especially texture, structure and soil depth, influence to a 
great extent the degree of disposition of water by way of infiltration, storage and run-
off. Erodibility, transportation and deposition of soil are also functions of its 
properties. 

Land use 

Management of land use, its extent and type are the key factors which affect 
watershed behaviour. Of course, the land use is essentially under the control of human 
beings (land users) and hence its judicious management is of vital importance to 
watershed management and functioning. 

Size and shape 

The size of a watershed determines the quantity of precipitation received, 
retained and disposed of. The larger the watershed, the more it is likely to be a channel 
and basin storage. 

Generally, land use does not coincide with land cover. A land use class is 
composed of several land covers. Remote sensing data can provide land cover 
information rather than land use information. 

The watershed may have several shapes. Some common examples are: square, 
rectangular and triangular. The shape of the watershed determines the length-width 
ratio, which in turn greatly affects the manner in which the water is disposed. 

The drainage basin is the basic areal unit in which physiographic and land use 
features can be measured and studied. The measurement of these watershed 
characteristics is important because they are intimately related to water basin and 
sediment yield. Physiographic observations such as basin area and shape, stream 
network organization, drainage density and pattern, and specific channel characteristics 
can enable the investigation to estimate the mean annual discharge and mean annual 
flood flows from a watershed, as well as the rapidity of watershed response to a 
particular rainfall event. It is useful for estimating mean streamfiow characteristics, 
physiography and land use data that are required as calibration inputs to numerical 
watershed models that are commonly used for simulating or estimating daily, weekly, 
monthly, and annual flows. Physiographic parameters necessary for the operation of 
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most of these models include stream length, drainage density, overland flow length and 
roughness, watershed area and shape area. Estimates of land use categories, including 
surface water, forced and watershed imperviousness, are also necessary. 

The quality, quantity and timing of watershed run-off are strongly dependent on 
land use and cover (Environmental Protection Agency, 1973; Novoty and Cliesters 
1981 Daniel et al. 1982; Ostry 1982). Landsat (MSS) data have been used to identify 
land use and cover classes relevant to run-off studies (Bondelid et al. 1980; Regan and 
Jackson 1980; Slack and Welch 1980; Harvey and Soloman 1984; Jackson and 
Bondelid 1984). 

2. Role of remote sensing 

The advantage of the synoptic view and repetitive coverage provided by space-
borne multi-spectral data offers the potential for identification of watershed 
characteristics such as drainage stream network, land use/land cover, land form, and 
surface water bodies. The quick assessment of broad composite units of physiography, 
land degradation and land use could be interpreted visually, using NOAA-AVHRR 
imageries at the regional level. It was found that by adopting a correlative approach, 
it appears to be possible to conduct surveys of catchment areas with the help of remote 
sensing techniques in conjunction with adequate ground truth data and carrying out 
supervised classification with the help of computers. However, one should be very 
careful in using the remote sensing techniques, since all depends on the spectral 
signatures, decoding of which may go completely astray with the slightest mistake or 
a wrong step. It has been reported that Landsat TM data can be used for 
characterization of watersheds at 1:50,000. 

C. THE ESCWA REGION 

I. Physiography 

Flat, relatively narrow mountain chains extend along the coastlines of the Red 
Sea, the Mediterranean and the Gulf of Oman. Higher mountains are found in the 
north-east of Iraq (more than 2.5 km). 

The Hamad Plateau extends over extensive areas in the south-east and central 
part of Bdiet El-Sham; the elevation ranges from 600 m above sea level in the north 
to 1,000 m in the south. 

The north-western Palmyrian chains extend through Lebanon and north of 
Damascus and in a north-east direction. The basaltic plateau of Hauran and Golan has 
elevations ranging from 600 m to 1000 m, and it reaches 1,800 m at Jabel El-Arab. 
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The Lebanon mountains reach a heigh of 3,080 m. The highest altitude in the 
peninsula is Bani Shaib near Sana'a which reaches 4,260 m. The chain of Taif 
through Asir to Yemen has an average elevation of 1,800 m. 

Egypt is essentially a flat region with average altitude of less than 500 m, but 
in the south-west, the altitude reaches 2,000 in at Jebel Uweinat, and in the east it 
reaches 1,800-2,000 m. The Qattara depression as well as Siwa have altitudes below 
sea level. 

2. Hydrology 

The ESCWA region extends from the Zagros-Turos mountains in the north to 
the Arab Sea in the south. 

The mean annual rainfall is between 100 mm and 150 mm, ranging from about 
10 mm to more than 500 mm. The ESCWA region considered a semi-arid zone with 
250 mm rainfall in most of the zone. The entire zone suffers from a shortage of water, 
with clear evidence of land degradation resulting in a decrease in the productivity of 
the land caused partially by the scarcity of water and arid climate. 

The catchment areas of the large rivers—the Nile, the Euphrates and the 
Tigris—extend beyond the ESCWA region. The low and high irregular precipitation 
has resulted in an ephemeral drainage system in the region. 

(a) Watersheds in the ESCWA region 

Although some of the surface water in the ESCWA region originated within the 
region, the greatest rivers originate, outside the region. Rivers originating within the 
region are mostly associated with the rift as it runs through Jordan and the Syrian Arab 
Republic. These rivers are the Jordan, the Yarmouk, the Litani and the Orontes; they 
are fed by springs from limestone and basalt aquifers. In the north of the Syrian Arab 
Republic, the Khabour arises from the karst spring of Ras-al-Ain. Bank tributaries of 
the Tigris arise in the Zagros range, more or less on the fringe of the region. There 
are streams flowing to the Red Sea from the highlands of Yemen and Asir; they are 
seasonal and are hardly rivers. This also applies to certain rivers flowing out of the 
Ethiopian mountains, which fail to reach the Nile or the Red Sea, as at Tokar. 

The Nile and the Euphrates-Tigris are the great rivers originating in areas of 
higher precipitation outside the ESCWA region. They bring much water into the 
region, which in part infiltrates either naturally or as a result of development structures 
to form groundwater within the region. As their waters become more and more 
utilized, the amounts reaching the Mediterranean and the Shaft-al-Arab have decreased 
(Burdon 1982). 
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Many watersheds in the ESCWA region are catchment areas of major rivers, and 
are mostly international, shared between two countries or more. The ESCWA region 
contains 20 regional catchments, as shown in figure 11 and indicated in table I. The 
most important are: 

Nile catchment area 	2,800,000 km 2  
Euphrates catchment area 	444,000 km 2  
Tigris catchment area 	258,000 km 2  

(b) Groundwater in the ESCWA region 

Groundwater enters the arid and semi-arid parts of the ESCWA region from 
regions to the north and south with greater precipitation. Some of this groundwater 
moves through extensive aquifers, but much enters as surface flow and then recharges 
the aquifers bordering the major rivers. 

The Nile has an average flow of 180 * 10 6  m 3/day; a portion of this flow is 
stored in and regulated by the material filling the larger valley from the older rocks; 
more of the flow is stored in the Nile Delta. 

The Tigris-Euphrates had an average flow of 130 * 106 m 3/day in Baghdad. The 
Tigris and its tributaries are subject to floods but the Euphrates is more stable, 
influenced by an almost unvarying flow of some 3.5 * 106 m 3/day from Ras-el-Ain 
spring feeding its Khabour tributary. These two river systems are now extensively 
developed, and how much of their floodwater is stored as soil moisture, and how much 
in surface basins, is uncertain. Almost no surface water from them reaches the Shaft-el-
Arab now; it is stored underground or on the surface, and then evapo-transpired, 
leaving behind a considerable salinization problem. 

Freshwater lenses floating on regional groundwater of more saline composition 
occur in many places but are best investigated on the Egyptian Mediterranean coast and 
along the Hasa littoral of Saudi Arabia and the adjoining countries. A secondary 
coastal freshwater lense system—stretching discontinuously along coastal Saudi Arabia, 
across Bahrain, Qatar and into central Abu Dhabi, with segments in northern Kuwait 
and the eastern United Arab Emirates—has been identified in an FAO project. This 
zone of freshwater floating lenses occurs between the zone of sibakh evaporation and 
the coast and is due in part to the peculiar climatic conditions in this coastal desert. 

In the Syrian Arab Republic and north-eastern Jordan, dry wadis which once 
flowed to the Euphrates continue to amass groundwater from time to time; slow 
underground flow results in a consistent supply of good quality groundwater (Burdon, 
1982). 
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Key to figure 11 

The regional catchment areas in the ESCWA region 

Mediterranean Coastal Basin 
Orontes Basin 
Aleppo Basin 
Damascus Basin 
Syrian Steppe Basin 
Euphrates River Basin 
Tigris River Basin 
Jordan River Basin 
Dead Sea Basin 
Wadi Araba Basin 
Azraq Basin 
Jafr Basin 
Wadi Sirhan Basin 
Tihama Wadi System 
Eastern Arabia Wadi System 
South Yemen Wadi System 
West and South Oman Desert Wadi System 
East Oman Mountain (Batina) Wadi System 
United Arab Emirates (UAE) Wadi System 
Nile River Basin 

D. APPLICATION OF REMOTE SENSING TECHNIQUES IN THE ESCWA REGION 

1. NOAA-A VHRR imageries 

NOAA imageries (of resolution 1 km, applied in the water resources assessment 
in the ESCWA region at a scale of 1/2,500,000), where each pixel represents 0.4 mm 
as mentioned above, which is acceptable for hydrological features extraction at this 
level. RJGC has NOAA-AVHRR imageries for the ESCWA region in two sets, one in 
the wet season (March-April), the second in the dry season (July-August) of the year 
1994. NOAA imageries are useful in the following applications: 

Landcover map, showing the vegetation area (irrigated and rainfed), 
grazing lands, sandy areas and granite areas; a GIS system applied to interesect the 
satellite data with ground and map data in order to meet the quality requirements; 

Vegetation index map; 
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Major lineaments across the ESCWA region; 

Hydrological maps for the major drainage network; major water bodies, 
rivers, lakes, mud-flats and dams. 

Identification and delineation of surface water units: Surface water units or 
basins at a regional level to be delineated on a regional basis. Water divides for large 
rivers are well defined. 

In and zones large units which comprise several wadis, originating and ending 
in the same base level (sea, sabkha) are recognized. 

Major water bodies: At the regional level, the major surface water bodies 
such as sabkhas, mud-flats and major rivers can be detected. An interpretation of 
NOAA-AVHRR imageries leads to the production of a regional hydrological map, as 
shown in figures 12a, 12b and 12c. 

Vegetation Index: The water in its hydrological cycle intercepts the 
vegetation canopy, which acts both as interface and as indicator. Among several 
vegetation indices proposed to monitor the environmental changes, NDVI was used as 
mentioned above. NDVI reaches its maximum at about heading, which is the 
beginning of the reproductive stage. The ESCWA vegetation index maps can be 
divided into two main classes: irrigated and non-irrigated vegetation, this will give an 
indication of the abstraction from the surface water and groundwater, and consequently 
the water budgets, as shown in figure 13. 

Land cover: NOAA imageries are a major contribution to this type of map 
at the regional level. From NOAA imageries and other databases and maps, we can 
extract the following features: 

 Major rangelands; 
 Major basaltic and granite areas; 
 High dense vegetation areas; 
 Sandy areas; 
 Major water bodies. 

This map is helpful in monitoring and managing the water resources, as well as 
a source of GIS for any further analysis (figure 14). 

2. Landsat, MSS imageries 

The Landsat Multispectral Scanner MSS imageries (80 x 80 m 2, 4 bands and 
64 radiometric level) are an important source of hydrological details. RJGC collected 
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these imageries in such a way that they cover the shared aquifer basins, and are used 
to obtain accurate lineament, land cover and irrigation maps. 

Lineaments: We should note that the lineament analysis, referred to as a 
fracture analysis, consists essentially of the study of all the linear features observed on 
photographic images, that is, all the features which have in common the characteristic 
of intersecting the ground surface with a straight, or slightly curved, line. 

Lineament analysis helps to reveal zones of fracture concentrations and, through 
a proper interpretation, helps in reconstructing the structural deformations occurring 
in a given region, defining the character of surface structure and locating buried 
structural features. 

More detailed lineaments can be extracted from the visible band after using the 
different types of filters. The lineaments play a key role in the groundwater studies, 
particularly in the absence of hydrologic data for the zone under study (as shown in 
figures ISa and 15b). 

Irrigated area: Delineation of the irrigated areas is very helpful in this type 
of imageries, for estimating the water budget, particularly the irrigation based on 
groundwater. This can be used for estimating the water consumption from underground 
water; 

Land cover: A detailed land cover map can be extracted from MSS 
imageries; this is helpful for detailed study of the area. 

Note: I have not seen any soil moisture map, perhaps because of the poor quality 
of available data, or it might cover different data not homogeneously, and of course 
that will affect the quality of the output. 

Finally, a digital chart of the world (DCW) has been used by RJGC for 
extraction of many items such as: 

Drainage network 
Land cover 
Rivers 
Lakes 
Dams 
Main roads 
Boundaries 
Wet and mud-fault areas 
Annotations. 

This information is checked and corrected using NOAA-AVHRR imageries, 
ONC maps (1/1,000,000) and the available data and maps. 
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E. CONCLUSIONS AND PROPOSALS 

I. 	In arid and semi-arid lands, such as the ESCWA region, hydrological 
implications of environmental changes can be deduced from certain indicators of 
changes on a regional scale based on remote sensing. 

2. 	The methodological aspects proposed for the ESCWA region show the 
great potential of satellite data, with different resolution, for monitoring the water 
resources. 

3. 	More efforts have to be made: 

To understand the complex interaction between land surface 
characteristics, meteorology and water process at the surface on a regional scale. In 
terms of remote sensing, this permits an assessment of desertification and control; 

To build databases on a regional level on surface parameters, based on 
satellite derived information and compatible with modelling in the hydro-climatological 
field. This information must be presented in a multi-level structure, the final layer on 
watersheds, intended as land scape units, and not on satellite imageries as is usually 
the case. Small-scale hydrological, hydrogeological and geological information should 
be implemented in the system to ensure legitimate data collection; 

To integrate regional studies in international programmes of a more global 
nature, in order to evaluate the results in terms of possible input for climate changes; 

To advertise the regional studies as well as to integrate them into a 
regional database in the form of conferences or workshops held at two-year intervals. 

4. 	In the last three decades, there has been a gradual evolution of remote 
sensing of the earth from space technology, which has introduced a new dimension into 
the collections, analysis and utilization of earth resources data. Such data are finding 
wide applications in regional socio-economic development projects. It is now possible 
to carry out effectively a continuous operation of surveys of the earth (or the ESCWA 
region) from space, on a continuing basis with the aid of the Landsat (United States 
of America), SPOT (France), MOS (Japan), IRS and 1NSAT (India), and METEOR 
and ALMAZ (former USSR) series of satellites, and the various sun-synchronous and 
geostationary meteorological satellites. The radar satellites, which include ERS, JERS 
(Japan) and RADARSAT (Canada) will enhance the earth's environment. 

Landsat MSS imageries used in the ESCWA project by the contractor RJGC 
(about 50 imageries), and NOAA-AVHRR imageries (6 images covering the ESCWA 
region), are sufficient to achieve the present goal of the project. It is essential now to 
obtain more precise and coherent information about the natural resources in the region 
through: 
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Either covering the region with new Landsat MSS imageries; if possible, 
this needs about (200-250) imageries (although, it will cost about US$ 250,000); 

Or by using the Russian imageries, which started to be distributed in the 
last two years; these imageries have resolution of the order of 170 in for each pixel, 
or if there are any similar available data up to 500 m resolution. The advantage of this 
is that the number of imageries required is limited, which imply a decrease in the cost, 
as well as an increase in quality. 

The actual project covers the hydrological activities in the region. It is 
proposed to extend this study to a wider range of natural resources assessment, 
including desertification, detection and monitoring by preparing maps locating the 
different aspects of this subject using remote sensing techniques. 

Deserts make up more than 60% of the total area in the ESCWA region. These 
deserts are strategic areas with scarce water resources. Owing to the tremendous 
increase in population, and the growth rate coupled with rapid development, it is of 
prime importance that these areas be utilized. Furthermore, the resources of these 
deserts are to be used, and desertification measures should be implemented. To achieve 
this goal, careful investigation and understanding of groundwater resources and related 
hydrological parameters must be carried out. Remote sensing techniques can help in 
covering the huge areas under investigation. Therefore, complete desertification maps 
and details from satellite imageries for the ESCWA region are needed. 

Natural resources have an important role in the problems of our 
environment. Individual ecosystems are usually affected by abnormal changes in our 
natural resources. To control and investigate the behaviour of these resources, remote 
sensing techniques should be used. The implementation of these remote sensing 
techniques will help in using environmental impact assessment techniques. We believe 
that now is the right time to develop a section devoted to remote sensing, with the 
ESCWA Natural Resources Section to serve this purpose. 

The ESCWA region needs continuous follow-up of environmental 
changes, either natural or artificial, which may be undertaken by technical teams within 
the region, in collaboration with specialized scientific organizations. Management of 
the work will necessitate local experts to execute such a project, in order to build up 
a good and firm base of scientists dealing with these essential problems in the region. 
Such a base will serve future projects and train junior scientists for further 
development of the resources of the ESCWA region. 

The use of this kind of regional investigation should not hold up local 
research programmes; such programmes form a base of sound and reliable information. 
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9. 	A proposal should be prepared to establish a space agency for the 
countries of the ESCWA region, which will be helpful in developing related activities 
such as: 

Natural resources assessment using remote sensing techniques; 

Communication technology; 

Geodesy of the region; 

Navigation; 

Any other activities for space applications which are useful for the region. 
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Annex 

SCOPE OF WORK ASSIGNMENT 

1. 	Provide Remote Sensing (RS) data (photos, tapes) with adequate areal and 
seasonal cloud coverage, and adequate scales to fulfil the project objectives. 

2. 	Obtain hydrological, hydrogeological, and land-use data for the ESCWA region, 
as required for the project. In this regard, ESCWA will provide all relevant 
"conventional hydrogeological/hydrological data". 

3. 	Analyse and interpret, in an integrated manner, using the Geographic Information 
System (GIS) technology, the RS data and the ground information in order to produce 
the necessary maps of water resources and related natural resources as follows: 

ESCWA regional hydrological map, scale 1/2,500,000 showing the major 
catchment areas, drainage lines, major rivers, lakes, dams, and other major water 
bodies; 

ESCWA regional hydrogeological map, scale 1/2,500,000 showing the 
major aquifers, flow patterns and other hydrogeologically relevant features; 

Detailed hydrogeological maps, scale 1/1,000,000 for the following three 
major shared groundwater basins; 

Ordovician groundwater basin shared between Jordan and Saudi Arabia; 

Dammam aquifer shared between Saudi Arabia, United Arab Emirates, 
Iraq and Bahrain; 

Carbonate Rock aquifer (upper Cretaceous-Paleocene) shared between 
Jordan, Saudi Arabia, Iraq and Syrian Arab Republic. 

These maps should show details on: groundwater flow patterns, water quality, 
water table (wherever available), aquifer boundaries, existing development areas, 
potential areas for future development. 

4. 	Formulate options for development and management of major water resources 
focusing on shared water resources with special emphasis on the shared water resources 
given under item 3 (ii) above. 

5. 	Prepare and submit to ESCWA progress and technical reports as follows: 

(a) RJGC will report to ESCWA quarterly on the progress of the work; 
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RJGC will submit to ESCWA for review, three months before the expiry 
date of the contract, a draft final report containing all outputs and maps as outlined 
above; 

One month before the expiry date of the contract, RJGC will submit to 
ESCWA the final report (the original and two copies) incorporating ESCWA, Islamic 
Development Bank (11313), and UNEP comments on the draft final report; 

The final report will be accompanied by maps, input and output files for 
the various maps created, images and tapes, and shall include a proposed programme 
for joint monitoring and investigations of the shared water resources; 

It is understood that UNEP, ESCWA and the 1DB hold the copyright of 
the final report and all maps and materials produced and compiled under the project; 

UNEP's Grid is entitled to use all RS tapes disks and images (after the 
completion of the consultant's contract) for its own purposes. 

The outcome of the project activities shall be presented to an expert group 
meeting for evaluation purposes. 

RJGC shall make available the facilities required, including lecturing for a 10-
day training workshop on the RS and GIS technologies as applied in the project. The 
ESCWA secretariat will defray the cost of travel and daily subsistence allowances of 
the trainees. 
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XII. WATER RESOURCES IN THE STATE OF BAHRAIN 

by 

Khalfa Ibrahirn AlMansour* 

A. EARLY HISTORY 

Until about 1930, Bahrain depended largely on natural surface-springs for 
meeting its domestic and agricultural water needs. These springs were found on the 
northern half of the main island and to some extent in other smaller islands. Surplus 
water in the springs used to find its way to the sea through narrow streams. Dug wells 
were also in common use in some areas. 

When the oil exploration commenced in the 1930s, water demand rose to a large 
extent, and this in turn necessitated the exploration and tapping of groundwater which 
was present in artesian conditions. At the beginning, the community was supplied 
through public water stand-pipes strategically positioned to serve a cluster of houses. 

In 1940, further improvements were made to the mode of distribution in urban 
areas by introducing a piped water supply system and providing service connections 
to housing units. The system consisted essentially of a borewell, a pump, a small 
storage reservoir and a very limited network of distribution pipelines. As the urban 
area grew larger and larger, more and more borewells were added, together with a 
more or less similar distribution arrangement. 

B. BACKGROUND AND CURRENT STATUS 

1. Groundwater 

The water supply in Bahrain for domestic and agricultural purposes depended 
traditionally on groundwater abstracted from two freshwater aquifers—the Alat and Al 
Khobar (otherwise known as Aquifers A and B). These aquifers are extensions of 
geological structures under the eastern part of Saudi Arabia which also abstracts 
considerable quantities of water from them. There is a third aquifer below Khobar 
which is known as Umm Er Radhuma (Aquifer Q. The salinity of water in this 
aquifer varies between 10,000 and 33,000 mg/litre. 

Together with agricultural requirements, the groundwater abstraction began to 
spiral upward and reached a level of about 150 million m 3/year in 1980. This had an 
adverse effect on groundwater quality. The total dissolved solids (TDS) in water rose 
to something in excess of 3,000 mg/litre in the western region. In some areas like 
Sitra, Hidd and Tubli, the TDS reached an alarming level in excess of 5,000 mg/litre. 
There were isolated cases where TDS was found to be around 10,000 mg/litre. A 

* Director of Water Distribution, Ministry of Electricity and Water, Manama, Bahrain. 
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groundwater modelling study conducted in 1982 showed that a progressive reduction 
in total groundwater abstraction is vital to arrest salinization of freshwater aquifers and 
create an environment for recovery of quality. The safe limit set for abstraction was 
90 million m 3/annum. The effect of restricting groundwater abstraction is an increase 
in the demand for desalinated water far in excess of what was previously envisaged. 

2. System development 

The strategy set in the early 1970s for the system development of the domestic 
supply was to increase the total production of water to meet the accelerated demand 
and to improve reliability and the quality standard of water so supplied. Three major 
elements in the development plan were: 

Construction of sufficient capacity desalination plants; 

Construction of new and upgrading of existing transmission mains, trunk 
mains, pumping and blending stations and storage tanks; 

Modernizing the distribution system and extending it to all areas with 
built-in flexibility in operation. Now Distribution networks cover all developed areas 
in Bahrain. 

The first desalination plant (multi-stage flash distillation plant) was constructed 
in 1975 at Sitra as part of a long-term policy to provide a blended supply of acceptable 
chemical quality complying with WHO drinking water standards. The capacity of the 
plant was 5 mgd (22,725 m 3/day) initially. The capacity was increased to 25 rngd 
(113,625 m 3/day) by 1985. A reverse osmosis plant was also constructed on the east 
coast at Ras Abu Jarjur with groundwater from aquifer C as the raw water source with 
a capacity of 10 mgd (45,450 m 3/day) by 1984. Another reverse osmosis plant of 10 
mgd capacity was constructed at Ad Dur, again on the east coast, which started up in 
1992. 

Despite the introduction of the desalination plants, groundwater abstraction 
continued to rise for all purposes, including domestic and irrigation, to levels far in 
excess of the ceiling considered safe. it now stands at 200 million m s/annum, i.e. 
more than double the safe limit. This has resulted in further deterioration of 
groundwater quality and the fear that the aquifer will be lost completely by the turn 
of the century if no drastic measures to curb abstraction are taken. 

3. Water quality 

Maintaining good water quality is of prime concern to the Ministry of Works, 
Power and Water. However, owing to the low contribution of desalinated water to the 
overall domestic water supply (about 50%), some areas are still receiving pure 
groundwater with a TDS of 2,500 - 3,000 mg/litre. It is anticipated that the 
construction of the desalination plants as planned will allow all the distributed water 
salinity to be within the WHO guidelines values. 
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Disinfection by chlorine covers 100% of the water supply since 1986. Residual 
chlorine monitoring and bacteriological test results fall in line with WHO guidelines 
set for drinking water. Tests are regularly carried out to check for most likely 
contaminants. 

C. Aciivrris AND PROGRAMMES 

In facing these challenges which are basically to reduce dependency on 
groundwater to avoid further deterioration of water quality and have better control of 
high consumption levels, the Ministry has commenced a programme that would: 

1. 	Increase desalinated water production by the construction of new 
desalination plants. It is envisaged that plants of a capacity of 30 million to 45 million 
gallons per day are to be added by 1998/99. This will help reduce dependence on 
groundwater and improve the quality of distributed water. 

2. 	Adopt a demand-management policy which would curb the excessive high 
consumption. The policy encompasses a number of elements as listed below: 

Implement a leak detection/reduction and system renewal programme. 
This has reduced the level of leaks from the distribution system from about 25% of the 
total demand in the late 1980s to about 15% now, and is expected to be lowered to 
about 5%-6% by the end of 1997 if the implementation of the programme is continued; 

Apply metres on all services and implement a progressive water tariff. 
The result has been very positive. The rate of increase in consumption was reduced 
from about 12% in the period 1980-1985 to less than 5% in the period 1986-1990 after 
it was applied; 

Enforce water plumbing regulations for all internal plumbing systems. 
This was found necessary to curb wastes arising from substandard plumbing materials 
and workmanship and wasteful water appliances. Elements of such regulations have 
already been applied, and full implementation is expected in 1996-1997; 

Implement a public educational programme in association with the relevant 
authorities, such as the Ministry of Education, Ministry of Information, and Youth and 
Sports, to enhance public awareness of water issues and water conservation practices. 
This includes among other things water audits and distribution of water conservation 
devices. 

3. 	Since the agricultural sector makes up about 70% of total groundwater 
consumption and is the main cause for the deterioration of its quality, the Government 
is considering a number of steps that would help alleviate the problem, such as: 
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Expansion of the use of treated sewage effluent for irrigation, first to make 
use of what is available now and then arrange to utilize fully the 70 million m 3/year 
expected to be available from sewage plants by the year 2000; 

Expand the use of efficient irrigation systems. It is estimated that about 
20% of the irrigation area is covered with such systems; 

Reconsider the crop mix. At present there is no proper selection of crop 
mix, and a lot of water-demanding crops, such as alfalfa, are grown; 

Consider the application of a tariff on groundwater consumption used for 
irrigation. This has already been agreed by the Cabinet and will soon be applied; 

Regulate the abstraction from private groundwater wells. No regulation 
or control at present of water abstraction is enforced, but it is strongly perceived 
among decision makers that such a regulation is necessary. An Amiri Decree (No. 12) 
was issued in 1980 to limit the drilling of wells to public use only. Such a decree was 
a positive step in the preservation of the groundwater resources at that time, but strict 
re-enforcement is needed. 

D. ISSUES OF IMPORTANCE 

1. Fragmentation of institutional responsibilities 

Integrated management of water resources is still a formidable task though there 
have been steps taken towards the establishment and/or improvement of the legislative 
and institutional set-up over the past few years. The lack of clear policy on water 
resource utilization has made it difficult to engage in the proper planning and 
management of water resources. 

It is well recognized among decision makers that a formulation of clear policy 
is vital to face the present and future challenges of dwindling water resources and the 
expanding demand of various sectors. This policy should set the framework for proper 
resource conservation, development, and management along with the prioritization of 
water use, taking into consideration basic human needs and the economic return of 
other sectors' use. This policy most notably should address agricultural water use, 
which is considered excessive and without a significant economic return. 

The recent government reorganization has led to very positive development on 
the institutional level, as far as water resources management is concerned. Instead of 
the earlier fragmentation among different agencies, at present some responsibilities, 
such as groundwater resources development and control; treated sewage effluent (TSE), 
and agriculture, are all under the Ministry of Works and Agriculture. This will 
certainly ease the management and utilization of TSE for agricultural use and help 
programme groundwater demand reduction for this purpose. The responsibility of 

304 



municipal water production and distribution is still under the Ministry of Electricity 
and Water. Another positive development on the road to integrated management is the 
establishment of a committee of concerned government ministries to expedite the 
development and utilization of treated sewage effluent. The formation of this 
committee has been so far instrumental in the expansion of TSE production and 
utilization, and also the completion of the study of the second phase of the programme, 
which would allow the full utilization of TSE production. Implementation will begin 
once the financing is allocated. 

2. Legaiframework 

Certainly the legal framework can in no way be considered complete, or at the 
least up to the challenges of the current or the future critical situation. Nevertheless, 
available legislation allows for some controls that are vital for the preservation of water 
resources. However, the non-adherence to the requirements and lack of enforcement 
of such legislation has been the pattern for some years (in particular in regard to 
drilling of groundwater wells), leading to the unfortunate situation of today. Some 
changes in, and strict observance of, existing legislation and the development of new 
legislation taking into account the present and future situation is recognized by the 
authorities to be essential. 

3. Financial constraints 

The limited natural resources available have forced the authorities to consider 
the development of costly non-conventional sources, such as desalination for drinking 
purposes and TSE for irrigation. Limited financial resources have forced the 
deferment of many vital projects, most notably the 30 mgd desalination plant, which 
was supposed to be operational by 1993. As a result the Government is seriously 
considering allowing the private sector to undertake the building of water and power 
production plants. 

4. Tariff 

It is recognized that a suitable tariff application is important if the authorities 
need to overcome the ever increasing financial burden, which is likely to grow in the 
future. More important, the authorities realize the vital role of the tariff as a 
conservation tool. The experience so far in the municipal sector has been positive in 
curbing the rate of increase in demand when the tariff was introduced. Though the gap 
between cost and tariff is considerable, development and introduction of more effective 
tariffs may be necessary in the near future to enhance water conservation behaviour, 
and help ease the financial burden. The first application of a tariff on groundwater for 
irrigation and other uses is expected shortly. If well managed and developed, this tariff 
will have a major impact on groundwater abstraction, which has doubly exceeded the 
safe limits. 
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XIII. TOWARDS AGENDA 21 - CHAPTER 18: EGYPTIAN 
POLICY FOR IMPLEMENTATION 

by 
A. Fahmy,*  B.  Attia,*  MB.A.  Saad** 

Introduction 

Egypt covers an area of about 1 million km 2  of the arid belt of North Africa. 
Only 3.4% of this area is occupied by its population of nearly 60 million, of which 
99% is concentrated in the Delta zone. The Nile Valley consists of flood plain, 
bordered by flat terraces, most of which are suitable for land reclamation. Prime 
quality arable land surrounds the two Nile branches in the Delta, Rosetta and Damietta. 
Cultivated areas occupy nearly 7.37 million feddans (1993), mostly confined to the 
flood plain and the Delta of the Nile. A few oases and some arable land in Sinai are 
irrigated by irrecoverable groundwater. 

Rainfall in the Mediterranean coastal strip decreases from 200 mm/yr in the 
west and drops dramatically inland to some 20 mm/yr near Cairo, 200 km from the 
coast. Rainfall in Egypt only occurs in winter in the form of scattered showers. 
Rainfall is utilized only in the northern part of the Delta as a supplement to irrigation 
diversions in the winter closure period, but cannot be considered a dependable source 
for extensive agricultural production. A reliable supply of water for irrigation is 
therefore mandatory for the development of agriculture in Egypt. 

The socio-economic development of Egypt has been, and will remain, greatly 
dependent upon the development of its agriculture sector. However, water demands 
in Egypt have increased not only parallel with the agriculture horizontal expansion plan 
set by the Government, but also in relation to industrial development, the increase in 
population, and the rise in living standards. The share of water per person was 
estimated as 950 m 3/year, which is considered under the water poverty levels; it is 
anticipated that this amount will be reduced to about 500 m 3/year by the year 2025. 

A. EGYPT'S WATER RESOURCES: CURRENT AND POTENTIAL DEVELOPMENT 

1. The Nile River as the main water resource of Egypt 

The main and almost exclusive source of water is the Nile River. Nearly 85% 
of the Nile water originates from the Ethiopian highlands through the Sobat River, the 

* 	Under Secretary of State, Ministry of Public Works and Water Resources, Cairo, Egypt. 

* * Director, the Hydraulics Research Institute, Delta Barrage, Egypt. 
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Blue Nile River, and the Atbara River; the remainder originates from the Equatorial 
Lakes highlands (through Bahar El-Jebel and Bahar El-Ghazal). The highest annual 
river flow at Aswan was 150 billion m 3  (1878/1879), the lowest 42 billion m 3  
(1913/1914). The average annual natural flow at Aswan for the period 1900-1955 was 
estimated as 84 billion m 3/yr where abstraction in the Sudanese part of the river are 
estimated at about 14 billion m 3 lyr. 

The regulatory capacity provided by the High Aswan Dam has given stability 
to Egypt's water resources despite the wide range in annual flows recorded in the last 
100 years (which limits the use of statistical forecasting of flows for planning 
purposes). The storage capacity of Lake Nasser (live storage 90 billion m 3 ) can 
safeguard downstream water requirements in years of less than average inflow to the 
lake. The recent African drought (1984-1987), while devastating to many parts of 
Africa, had a limited impact on Egypt. Water reserves of the High Aswan Dam were 
seriously reduced, but the high inflows during 1988 have restored reserves to near the 
1983-1984 levels. Egypt is now putting more effort into water management and 
forecasting, to improve the utilization of its water resources in order to be abe to meet 
future increasing demands. 

The Nile water agreement of 1959 with the Sudan was based on the average 
Nile flow at Aswan during the period 1900-1995 (84 billion m 3 /yr) and estimated 
average annual evaporation and other losses in Lake Nasser (nearly 10 billion m 3/yr). 
The agreement allocates 7.5 billion m 3/yr to Egypt and 14.5 billion m 3 /yr to the Sudan. 

Egypt's share from Nile water is fixed by the above agreement to 55.5 billion 
m 3/year. It is worth noting that the different other uses such as the reuse of drainage 
water, groundwater in the valley and delta and wastewater reuse are not considered as 
independent sources, but rather as a factor helping in increasing the efficiency of the 
overall system. 

2. Groundwater 

(a) 	The Nile aquifer 

Groundwater in the Nile aquifer cannot be considered a separate source of 
water. The aquifer is renewed only by seepage losses from the Nile, the irrigation 
canals and drains and percolation losses from irrigated lands. Its yield may therefore 
not be added to Egypt's total water resources without taking into account salinity 
build-up due to groundwater abstraction/recharge cycles. The potentially recoverable 
abstraction rate (safe yield) of this aquifer is estimated at 7.5 billion m 3/yr; further 
abstraction may result in a significant lowering of the groundwater table and an 
increase in sea-water intrusion in the northern part of the Nile Delta. Hence, this 
aquifer can only be seen as a small reservoir in the Nile River system with a limited- 
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rechargeable-life storage compared with its total volume which is estimated at 500 
billion m 3/yr. The current rate of abstraction from the Nile aquifer is estimated at 4.1 
billion m 3/yr. 

Groundwater in the Western Desert 

There is groundwater in the Western Desert in the aquifer of the New Valley 
and region east of Owaynat. The total groundwater volume in these areas has been 
estimated at 40,000 billion m 3 , with salinity varying between 200 and 700 ppm (Abu-
Zeid and Rady, 1991). The groundwater occurs, however, at great depths and is 
generally considered to be non-renewable. Use of this water, as adopted in the water 
policy of Egypt, depends on pumping cost and depletion rate versus potential economic 
return. A study has indicated (Abu-Zeid and Rady, 1991) that 125,000 feddans can 
be irrigated (by 1 billion m 3/yr of groundwater) in the New Valley; another 180,000 
feddans can be irrigated in the East Owaynat area by groundwater from the deep 
Nubian Sandstone. 

Groundwater in Sinai 

In Sinai, there are numerous smaller groundwater aquifers, for example the 
shallow aquifers along the Northern coast, the Northern and Central Sinai that are 
recharged by rainstorm floods and the aquifers in South Sinai, which are mostly deep 
and non-renewable. Present groundwater abstraction in Sinai and the Western Desert 
is estimated at 0.57 billion m 3/yr, which could be increased to 3.5 billion m 3/yr. 

3. Reuse of agriculture drainage water 

Drainage flows stem from three sources, all of which depend upon Nile inputs; 
namely, tail-end losses from canals, surface flow from irrigated fields, and percolation. 
Intrusion of saline groundwater contributes greatly to the salt load, in particular in the 
northern part of the Nile Delta, where 80% of the salinity of the drainage water is 
added by upward seepage of saline groundwater. Lower salinity is found further 
southward, where it remains below a critical level (estimated at 1,000 ppm TDS). 
Studies have indicated that drainage water can be reused directly for irrigation if the 
salinity level is low or mixed with fresh canal water when the salinity is high. An 
example is El-Salam Canal, which uses drainage water of Bahar Hadous and El-Serow 
drains mixed with freshwater in a ratio of 1:1; the total amount which can be reused 
is estimated at about 7.5 billion m 3/yr. However, for the time being, about 3.7 billion 
m 3/yr is being used. 

4. Desalination 

Desalination is being applied only to a few areas along the Red Sea coast, 
especially in tourist resorts, where water consumption is relatively small. However, 
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desalination in Egypt has been given low priority compared with other non-
conventional water resource options, mainly in view of its relatively high cost. 

5. Improvement of the irrigation system 

Field water application, agronomic water use, and field canal conveyance 
efficiencies determine the overall efficiency of the irrigation system, which is in the 
order of 70% at present (Planning Sector, 1994). There is an ongoing project within 
the Ministry of Public Works and Water Resources to implement a plan designed by 
the National Water Research Centre to improve the irrigation efficiency in the old 
lands. The project comprises the improvement of control structures application of 
modem methods in land levellingltillage and on-farm development, and the 
rehabilitation of main canals, branch canals, and mesqas (field canals). Owing to a 
reduction in water losses that are not returned to the system, the project is expected to 
yield savings of 0.5, 1.5 and 5 billion m 3/year in the years 2000, 2012 and 2025 
respectively. 

Reuse of wastewater 

Wastewater reuse has been applied in Egypt for centuries, but was formally 
used in 1915 at Gable El-Asfar (north-east of Cairo), after primary treatment, for 
cultivation of 2,500 feddans. As new wastewater treatment plants—using secondary 
treatment—are being built in some cities, the reuse of treated wastewater could be 
increased from the present amount (estimated at 0.6 mm 3/yr) to 1.67 mm 3/yr in the 
year 2000 and to 2.4 mm 3/yr in the year 2010. 

Water quality aspects 

(a) 	Salt water balance over Egypt 

The water balance for Egypt is presented in figure 1. Components in the 
figure are given as gross supply and net consumption. In figure 1, it is indicated that 
at present, some 12 billion m 3  of drainage water is being spilled annually into the sea, 
some of which is to maintain the salt balance and to flush the high salinity water in 
the northern Delta, where salt intrusion from the sea takes place. However, the amount 
of lost drainage water seems to be inaccurately estimated, as part of this water 
(possibly 2.0 billion m 3/yr) is the drainage of sea water intruded in the northern part 
of the Delta, which affects the water and salt balance. Another uncertainty in the 
estimation of the "net" amount of spilled water is due to the salt from leaching soils 
of newly reclaimed northern lands. This may indicate that the actual drainage water 
produced from agriculture is about 10 billion m 3 . 
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The non-recoverable volume of drainage water that has to be spilled to the sea 
to allow sufficient leaching of the soils and to counteract sea-water intrusion is 
estimated at 8 billion m 3/yr (6 from agriculture lands + 2 from sea-water intrusion) at 
a minimum. Therefore, drainage reuse projects in the near future may use about 4.0 
billion m 3/yr, of the presently spilled drainage water. Water pollution hazards as well 
as ecological considerations are, however, expected to limit this objective. 

A thorough investigation into the use of brackish or highly saline water on 
sandy desert soils under modem irrigation techniques might reveal increased 
possibilities for the use of this water. 

(b) 	Water quality and environmental aspects 

Water quality parameters in Egypt can be grouped according to their 
constituents as follows: 

Salts, which have been extensively studied; 

Organic pollutants from industrial, domestic and agriculture wastes, 
which can be removed by natural processes (bio-degradation); 

Pathogens and bacteria; 

Nutrients resulting from the application of manure and fertilizers of the 
bio-degradation of wastes; 

Other organ ic/inorgan ic chemicals (e.g. heavy metals) stemming from 
industrial and domestic wastewater or pesticide applications in agriculture. 

The first category of pollutants is most harmful to agriculture, whereas the 
others form a danger for humans, fisheries and the environment in general. 

A relatively clear picture exists in terms of water salinity; information and data 
on other water quality parameters are limited. The limited data available do, however, 
suggest that "black spots" are still of a local nature. Pollutants loading results from 
untreated/sem i -treated municipal and industrial wastewater discharges into drains 
(sometimes also directly into the Nile River or canals in the case of industrial 
wastewater discharges), from drainage water discharging into the Nile River in Upper 
Egypt, and from the leaching of fertilizers and pesticides from agriculture. 

Generally, in most of the irrigation canals, the water is still relatively clean, 
in contrast with that in the drains, where most of the wastes are dumped. 
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The almost stagnant bottom waters in Lake Nasser lack adequate oxygen. 
After the water has been released into the river, it soon regains its natural content, 
however. Large organic pollution loads from urban areas and industries in Upper and 
Middle Egypt cause local "black spots" but the self-purifying capacity of the Nile 
River still results in reasonable levels of organic pollutants downstream. The levels 
of BOD, as a measure of degradable organic matter, are still satisfactory up to the 
Delta barrages (table 1). 

Fertilizer use has increased almost fourfold during the past four decades. 
Groundwater contamination from fertilizer use requires attention, as groundwater is 
used widely for drinking water and is considered more vulnerable than surface water. 
Pesticide use has also increased but at a lower rate. In 1991, herbicides were used to 
control aquatic weeds, of which 13,000 km of canals/drains were infested, but their use 
was eliminated as a result of political and public concern. On the other hand, 
alternative means have disadvantages as well; manual weed control may cause an 
increase in bilharzia, while the use of mechanical and biological means may require 
extensive investment. The best solution for weed control would probably be to use 
integrated means on the basis of an optimization study. 

Water pollution from industrial and domestic wastes in the Nile Delta is likely 
to cause degradation of land/soil and water resources. Degradation of natural resources 
is widespread in Egypt as a result of the adverse impacts of development; the problem 
received limited attention in the past. This impact can be considered as a drain on the 
national economy. However, the impact on human resources is of greater concern 
since it represents a cost to the national economy. However, the impact on human 
resources is of greater concern since it represents a cost to health and the economy. 
A legal basis for controlling water pollution, especially by municipal and industrial 
effluents, already exists through Law 48 of 1982. A nationwide water quality 
monitoring programme has been proposed as part of the implementation of Egypt's 
Environmental Action Plan. 

B. EGYPT'S WATER DEMANDS: PRESENT AND FUTURE SITUATION 

1. Agriculture water requirements 

Water requirements of the agriculture sector represent the largest component 
relative to other uses. Gross water demand from irrigation is in the order of 54.5 
billion m 3/yr, including all application, distribution and conveyance losses. Irrigation 
is applied to 7.37 million feddans of arable land, whereby the annually cropped area 
is 14.7 million feddans (i.e., a cropping intensity of nearly 200%). 
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The Land Reclamation Plan, developed by the Ministry of Agriculture together 
with the Ministry of Public Works and Water Resources, aims at reclaiming more that 
2.2 million feddans from 1993/94 to the year 2000. The plan includes the reclamations 
of 

1.7 million feddans through improved efficiency in use of surface 
water, i.e. through projects to conserve winter closure losses (mainly for navigation) 
and by improved reuse of drainage water and groundwater (figures 2 and 3); 

0.2 million feddans with water provided by sewage treatment projects; 

0.3 million feddans with unrecoverable groundwater in the New Valley 
(Western Desert) and Sinai. 

The implementation of this ambitious plan faces several obstacles, such as 
resistance against the storage of losses during the winter closure period in the coastal 
lakes due to adverse impact on fisheries and the environment and the constraints in the 
reuse of drainage water by the increasing pollution of the drains. Moreover, the salt 
balance in the Delta necessitates the 8 billion m 3/yr (at a minimum) of the drainage 
water has to be flushed to the sea, which could also limit the future increase of reuse. 

Figure 2. Horizontal expansion future 
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Figure 3. Water resources plans to cope with reclamation 
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Due to these obstacles, horizontal expansion might be limited. In order to 
reach the target of the plan, the following measures have to be taken (Planning Sector, 
1994): 

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

Reduction of areas planted in rice; 

Modification of the current cropping pattern to incorporate less water-
consuming crops, by replacing sugar-cane with beets, which consume less water; 

Modification of the winter closure (to make it more flexible) and 
conservation of the freshwater losses to the sea (see the section on navigation water 
requirements); 

Calculation of crop water requirements at the field level in a more 
accurate way by using new methods for the computation of evapo-transpiration losses 
and aerial photogrammetry or satellite imaging techniques to obtain actual cropping 
patterns; 
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Eradication of aquatic weeds to reduce evapo-transpiration loss from 
canals and lakes; 

Drainage reuse at the potential capacity to minimize the spilling of 
drainage water to the sea beyond the amount needed to maintain the salt balance. 

For the period from the year 2000 until 2010, additional areas of about 0.3 
million feddans can be reclaimed only if the Jonglei Canal Project is implemented. 
This would add almost 2 billion m 3/yr to the annual water budget of Egypt. 

2. Navigation 

Since the construction of the High Aswan Dam, the water released for 
irrigation and municipal and industrial demand for the period from February to 
September is sufficient to maintain adequate depth for navigation on the Nile. 
However, from October until January, irrigation water demands are relatively low (also 
many regions in the Northern Delta utilize winter rainfall to supplement irrigation), 
particularly during the winter closure (three weeks in January/February), and the Nile 
water discharges become too low to provide the minimum drafts reburied for 
navigation. 

In the Aswan-Luxor section (where a minimum draft of about 1.5 in is 
required, navigation bottlenecks may occur in winter, when there is a peak in tourism 
activities. The Luxor-Cairo section is hardly sailed by tourist boats and may only have 
navigational bottlenecks during the closure period. The normal Nile flows—without 
extra releases—during this period will be sufficient for partially loaded tourist boats 
and for cargo ships operation with a lower efficiency. To overcome the navigational 
bottlenecks in the Aswan-Luxor section, extra water is being released from the High 
Aswan Dam—mostly during the closure period—in addition to the requirements for 
municipal and industrial supply. As this water is not required for any of the other 
demands, it is being spilled to the sea. 

This amount of freshwater annually spilled to the sea was about 1.8 billion m 3  
in 1990/91, 3.8 billion m 3  in 1991/92, 2.08 billion m 3  in 1992/93, and 1.15 billion m 3  
in 1993/94. Most of this water is spilled at Edfina (end of the Rosetta branch). 
Around 0.2 billion m i/yr is being spilled into Lake Manzala at Damietta; the latter 
amount is used to flush silt and rubbish from the Damietta branch. For the 
conservation of this water, various alternatives have been considered, such as storage 
in the pools upstream of the Nile River barrages, artificial groundwater recharge, 
increased winter irrigation, storage in the coastal lakes and staggering or eliminating 
the winter closure period, an option which is being tried this year. 

However, all proposals do seem to have adverse impacts on water quality, 
fisheries, human activities and the environment in general. Detailed studies have to 
be carried out to determine these impacts which may lead to the discarding of some 
or all of the proposals. Currently, the Esna and Naga Hammadi barrages are being 
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renewed, which will guarantee better control of the Nile levels in Upper and Middle 
Egypt. The extra releases of freshwater could therefore be reduced in the near future 
to an estimated 0.35 to 0.4 billion m 3/yr (figure 4). 

3. Municipal and industrial water demand 

Municipal water demand 

Municipal water requirements are being assessed all over Egypt. The 
requirements per governorate are estimated on the basis of three factors: population and 
population increase; consumption per capita (in litres per capita per day); and water 
distribution efficiency. In the recent past, municipal water demand did not play a 
major part relative to other water uses (in the order of 2.70 mm 3/yr with a net 
consumption of about 1.51 mm 3/yr), but it will require a considerable part of the 
national water resources in the future because of population growth as well as the rise 
in living standards, which generally increases per capita demand. 

For planning purposes, future municipal demands are estimated by considering 
different permutations of the three principal factors given above. 

Industrial water demand 

Industrial water demand also constitutes a considerable part of the total water 
demand in Egypt. The total demand was estimated at 5.89 billion m 3/yr with a net 
consumption of about 0.41 billion m 3/yr. Use of the return flow from industry is 
hampered by the low level of treatment and consequently low quality of the 
wastewater. Future industrial water requirements are estimated by taking into account 
planned growth rates of the different industrial subsectors, proposals to reduce water 
requirements by, for example, using sea water for cooling of new power stations, 
improvement of industrial processes and reuse of industrial wastewater. 

The analysis of future demands for municipal and industrial uses for the year 
2000 is estimated at 1.0 billion m 3/yr and for the year 2025 at 6 billion m 3/yr. 

The current figures on yearly demand are: 

Agriculture for an area of 
7.37 million feddans 	54.5 billion m 3/year 

Municipal 	 2.7 billion m 3/year 
Industries 	 5.9 billion m 3/year 
Total 	 63.1 billion m 3/year 

It is obviously clear that Egypt's share in the Nile waters is completely 
exhausted. 
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C. FUTURE CONCEIVED PROGRAMMES 

The features of the conceived programmes till the year 2000 are presented: 

1. Drainage reuse 

The potential of the drainage water which could be used was estimated at 7.5 
billion m 3/yr with a reasonable water quality constraint, out of which 3.7 billion m 3 /yr 
is being used. However, 3.8 billion m 3/yr are available to be reused. 

2. Groundwater 

The groundwater potential in the valley and delta was estimated at 7.5 billion 
m 3/yr as safe yield, out of which 4.1 billion m 3 /yr is being used. Thus, the balance of 
3.4 billion m 3/yr could be used. 

3. Irrigation improvement 

By improving irrigation projects' conveyance efficiency, and on-farm irrigation 
as well, studies have shown that 0.5 billion m 3/yr could be saved. 

4. Limitation of high-consumption crops 

Rice and sugar cane are considered very high consumers of water. It was 
noted that about 1.6 million feddans of these crops were cultivated rice recently. It is 
planned to reduce that area to 0.7 million feddans only. This reduction of area would 
save about 3.0 billion rn 3/yr. 

The estimates of the additional demand in the year 2000 are: 

New land cultivation (1.6 million feddans) 
(infrastructures are being completed) 	9.0 billion m 3 /yr 
Municipal and industrial uses 	 1.0 billion m 3 /yr 
Total 	 10.0 billion m 3 /yr 

5. Estimation of the required additional water demand for the year 2025 

The additional demand up to the year 2025 could be stated in billion m 3 /yr as 
follows: 

New land cultivation (about I million feddans) 5.6 billion m 3/yr 
Municipal and industrial uses 	 6.0 billion m 3 /yr 
Total 	 11.6 billion m 3 /yr 
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The required resources, which could satisfy the above demand up to the year 
2025, could be saved through better integrated management of existing water resources, 
i.e. reuse of drainage water, groundwater, reduction of municipal and industrial losses, 
reduction of high-water-consuming cropped areas as well as reduction of irrigation and 
drainage system losses. 

D. WATER MASTER PLAN PROJECT 

In the year 1977, the water master plan project was established. Through two 
phases, 30 technical reports were produced. The project was interested in collecting 
different relevant data: hydrological, meteorological, agricultural, municipal, industrial, 
economic, physical, quality, demographic and ecological data, as well as data on the 
irrigation and drainage and administrative systems. The project was also interested in 
designing an information database system where all irrigation, drainage, agriculture and 
economic data could be stored. Many mathematical models were developed: 
groundwater, Lake Nasser simulation, upper Nile, agro-economic, forecasting, dynamic 
policy, and operational distribution mathematical models. 

Several studies were conducted in relevant fields, using the above data as a 
tool, and three alternative plans were formulated. 

Table 2 lists all the technical reports published for the water master plan of 
Egypt. The project was terminated in 1990. 

E. ACHIEVEMENTS TOWARDS THE IMPLEMENTATION OF RECOMMENDATIONS 
OF CHAPTER 18-AGENDA 21 

1. Institutional capacity-building 

Many water institutions were established in order to improve water policy and 
water management such as the National Water Research Centre, which was established 
in 1975 and involves the following research institutes: 

Water Management Research Institute 
Waterways Maintenance Research Institute 
Drainage Research Institute 
Groundwater Research Institute 
Water Resources Development Research Institute 
Nile Research Institute 
Survey Research Institute 
Hydraulics Research Institute 
Construction Research Institute 
Mechanical and Electrical Research Institute 
Coastal Research Institute 
Research Institute on Climatic Changes and their Impact on Water Resources. 
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The National Water Research Centre has 193 research Engineers, 50 of whom 
are Ph.D holders. The objectives of the National Water Research Centre are to outline 
and implement long-term policies for managing water resources in Egypt in order to 
cope with national demands, to solve the technical and applied problems associated 
with the general policy for irrigation and drainage, and to conduct investigations and 
research work connected with the extension of agricultural and land water resource 
assessment both surface water and groundwater. 

The Ministry of Public Works and Water Resources in Egypt established an 
Information Centre which serves all its organizations and assists decision makers in 
making the right decision at the right time. 

A National Training Centre within the Ministry of Public Works and Water 
Resources was established and is responsible for the development and strengthening 
of skills for the Ministry's staff in accordance with its policies. The training centre is 
located at 6 October City near Cairo and contains classrooms and laboratory facilities 
to accommodate over 2,500 trainees per year. It offers the most modem learning 
technologies and methods. 

In addition to serving the manpower development needs of the Ministry of 
Public Works and Water Resources, the training centre offers its facilities and services 
to other ministries within Egypt and to government and private students from countries 
within the region. The new facility has a complete dormitory for 250 students and on-
campus dining and recreation facilities. Training for outside agencies is offered on a 
tuition basis. 

The Training Centre's objectives are: 

Training a cadre of senior supervisory executive and middle managers 
with comprehensive knowledge on how to plan and direct the Ministry's technical, 
financial and manpower resources; 

Training engineers and other professional staff of the Ministry for their 
present responsibilities and for future goals; 

Providing management and training resources for continuing 
professional self-development of engineers and other graduated staff; 

Creating and executing training programmes for para-professional 
personnel to develop in them the needed range of practical skills; 

Facilitating training opportunities for African, Arab and Mediterranean 
countries in the fields of irrigation, drainage, water resources development and 
management, according to their needs. 



2. Satisfying freshwater needs in line with sustainable development 

The implementation of this goal will involve the following: 

Construction of the Al-Salam canal, which will allow for cultivation 
of 600,000 feddans to help in producing food for the Egyptian population; 

Construction of the new navigation lock at the Naga Hammadi barrage, 
saving 1 billion m 3/yr, to be utilized in irrigation of new lands and in increasing 
efficiency of river transport; 

Construction of new pumping stations on the Al-Naser Canal to irrigate 
130,000 feddans in the Nobaria area west of Alexandria; 

Construction of the New Esna barrage on the Nile River for providing 
efficiently the required irrigation water to the upstream canals and for power generation 
and improving navigation conditions on the Nile; 

Establishment of a telemetry system covering the length of the Nile 
River in Egypt and the irrigation and drainage networks. This system allows for best 
water control and management and facilitates communication between the Ministry of 
Public Works and Water Resources and its organization; 

(1) 	Establishment of a Forecasting Centre at the Ministry's building which 
helps in estimating the Nile yearly flood in order to set future plans for water resources 
management; 

Establishment of a public awareness unit at the Ministry headquarters 
to promote public awareness of water quantity and quality issues and the importance 
of water for sustainable development; 

Widening of the Ismailia Canal to provide irrigation water or 900,000 
feddans to be added to the cultivated area of Egypt; 

200 deep wells, which have been dug to increase utilization of deep 
groundwater, expand the cultivated areas in the desert and increase the conjunctive use 
of surface water and groundwater; 

Construction of some small dams in Sinai to enable utilization of water 
from the flash-floods which sometimes occur in winter in order to provide drinking 
and irrigation water; 

Implementation of the National Irrigation Improvement Project which 
will decrease water losses through earth field ditches; 
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(I) 	Extending the tile drainage system to cover all old cultivated land. 
This system of drainage will help in increasing the productivity of the cultivated land 
and improve the soil structure; 

Using modem techniques for conducting an areal survey to assess land 
and water resources; 

Developing work plans for the various water-related issues, which 
allows for a systematic approach in resolving these issues, and preparing technical 
reports on planning and water-related issues; 

Improving and modernizing the present system by introducing several 
new and innovative measures and practices; 

Combining available technical data and suggesting the recording of 
additional data in order to carry out hydrological as well as operational studies; 

Improving the control of the Nile water for all uses and, particularly, 
its optimal allocation to and within agriculture as a means for helping increase 
agricultural production and productivity; 

Outlining and implementing long-term policies for managing water 
resources in Egypt in order to cope with national demands; 

Determining crop water requirements for different regions and studying 
evaporation and seepage losses from waterways, lakes and reservoirs; 

Developing and improving the design, planning and execution of 
drainage projects in Egypt and determining the drainage water quantities and qualities 
that can be reused for irrigating purposes; 

Protecting and maintaining the High Aswan Dam. 	Studying 
earthquakes' effects on the Dam, sedimentation in Lake Nasser, and earthquake activity 
and earth movement in the area around Lake Nasser. Protecting the critical areas along 
the Mediterranean, especially within the Delta area; 

Studying the operations of all types of pumps and conducting tests 
checking their safety range and calibration; 

Producing, maintaining and distributing current and accurate 
geographic data describing the Egyptian land mass, the cultural features thereon and 
its ownership. 
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3. Towards protection of water resources, water quality and aquatic ecosystem 

This goal will involve the following: 

Establishing a monitoring network to cover the Nile River and its two 
branches within Egypt, Lake Nasser and also the drainage network as long as it is 
being used for irrigation; 

Starting a national project for preventing raw industrial waste from 
being discharged into the Nile or any other waterway. This is only allowed after 
preliminary treatment. Therefore, constriction of some treatment units at the different 
factories has been started and will continue; 

Investigating theoretically and experimentally the characteristics of 
sediment materials and the mechanics of its movement in the Nile River; 

Monitoring and evaluating the sedimentation in Lake Nasser and its 
effect on the reservoir storage capacity and the Aswan Dam's operation; 

Carrying out aquatic weed control manually, mechanically and 
biologically; 

Providing studies and recommendations to protect the heavily 
populated northern coast of Egypt, with its valuable agricultural establishment and 
infrastructure. 

4. Towards a safe drinking-water supply and sanitation 

A comprehensive plan was set up to provide all Egyptians, whether living in 
megacities, cities, or the countryside with drinking-water. This plan has been 
implemented. However, the treatment plants must be renovated and new ones 
constructed to cope with the rapid increase in public demand. The Ministry of Health 
is responsible for monitoring potable water quality, and it has a plan to ensure that the 
supply of potable water for drinking avoids any health risk for the nation. 

F. CONCLUSIONS AND RECOMMENDATIONS 

Water is a vital element and is the main element of sustainable development 
of all nations. Therefore, maintaining its quantity and its quality at an acceptable level 
is a must. 

The water balance of Egypt, as shown above, will result in a deficit by the 
year 2025. This can be changed only if more water resources are developed and if the 
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water quality of Nile waters, groundwater and drainage water is maintained at 
acceptable levels with no detrimental effect on the environment. 

All the proposed plans relate to the reuse of drainage water and shallow 
groundwater and are necessary to secure the required water balance. In the meantime, 
progress in the implementation of National Irrigation Improvement is required not only 
to save water but also to increase the productivity of the cultivated land. 

The strengthening of the telemetry system, a public awareness unit, and an 
information centre are all important. 

The shortage of funds available for implementing the plans and projects, 
especially those projects related to water quality issues, should be overcome in view 
of the consequences for public health. This can be solved by increasing international 
participation in funding such plans and projects. 
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XV. THE HASHEMITE KINGDOM OF JORDAN 

by 

Boulos E. Kefaya* 

Introduction 

Jordan is a semi-arid land; 90% of the country receives annual rainfall of less 
than 200 mm per year. The population of Jordan was 4,095 million as of 1994, and 
the growth rate is 3.4% and falling continuously owing to higher education and family 
planning. The population is concentrated in the northern and western highlands, with 
about 75% in the Amman-Zarqa zone. 

Jordan is one of the scarce-water-resources countries where the annual 
renewable water resources per capita is less than 200 cubic metres. The strain on 
water quantity is closely associated with the growing water quality problems, and the 
country's water resources are becoming more vulnerable to different sorts of pollution. 
Jordan currently faces water shortages, and the renewable water resources are not 
enough to satisfy the potential water demands. This serious gap is expected to widen 
in the near future, since there are no economically affordable solutions to close the 
gap. 

The scarcity of water resources in Jordan contributes to the supply-driven 
management approaches, which aggravates the situation and causes damage to the 
environment. The main water-related problems in Jordan stem from water shortage 
and quality deterioration. The population expansion and the rapid development put 
high strains on the resources and the management tools, necessitating a restructuring 
of management practices, the legal framework, and the institutional set-up. 

Jordan was among the first signatory countries of the Rio Declaration on 
Environment and Development, which approved Agenda 21. The main emphasis of 
Agenda 21 is to integrate environmental considerations into the development process 
to achieve a sustainable course of development. The hallmark of Rio is that it injected 
development into the environmental debate in terms of programmes: for sustainable 
agriculture, human settlement, cleaner production technologies and freshwater. 
Another characteristic of Agenda 21 is that it addresses the means of implementation. 
The two key issues are finance—providing assistance to developing countries to 
implement the commitments that were included in the Agenda—and technology 
transfer. 

* Director. Water, Environment and Tourism Department. Ministry of Planning, Amman, Jordan. 
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Agenda 21 considered water resources as limited and as a fundamental part of 
all terrestrial ecosystems. These resources are not only very important in supporting 
all kinds of life on our planet, but for future prosperity and economic growth. The 
multisectoral nature of the resources created fierce competition among the different 
users to satisfy their demands in the face of ignorance of the needs of the ecosystem 
and the sustainability of the resources. 

Agenda 21 's view of water resources as a limited and scare commodity altered 
the old practices that had underestimated the resource for so long. The past perception 
of the abundancy of water resources contributed to mismanagement and severe 
consequences for the environment. 

A. JORDAN'S WATER RESOURCES AND 
THEIR CURRENT MANAGEMENT 

Water resources in Jordan are divided into conventional and non-conventional 
resources. The contribution of the non-conventional resources is considered minor in 
the overall water resources budget. 

1. Conventional water resources 

Surface water resources 

Surface water includes water that flows in rivers, water resulting from flood 
flows, and water from springs. The long-term average annual base flow is 328 MCM 
and flood flow is about 334 MCM. An estimated 555 MCM can be economically 
developed, yet the environmental impact of this exploitation of resources on the 
ecosystem has to be investigated. The Yarmouk Basin, the major tributary of the King 
Abdullah Canal, accounts for 40% of the total surface water in Jordan. The Canal is 
considered the backbone of development in the Jordan Valley. Other major basins 
include Zarqa, Jordan River side wadis, Mujib, Dead Sea, Hasa, and Wadi Araba. 

Groundwater resources 

Jordan's groundwater is distributed among 12 basins. The groundwater is 
divided into renewable and non-renewable resources: 

Renewable groundwater resources: In Jordan, the safe yield of renewable 
groundwater resources is estimated at 277 MCM/year (National Water Master Plan, 
1977). 

Non-renewable groundwater resources: In Jordan, the main non-renewable 
groundwater resource presently exploited is the Disi sandstone fossil aquifer in the 
south. It is estimated that the safe yield of this aquifer is 125 MCM/year over 100 
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years. Other non-renewable groundwater resources are found in the Jafer Basin in 
Shidiya, with an annual safe yield of 18 MCM. 

2. Non-conventional water resources 

These water supplies are developed in Jordan to satisfy the ever-increasing 
demands that could not be met by the traditional water resources (surface water and 
groundwater). 

Treated domestic wastewater 

Currently Jordan utilizes about 56 MCM of treated wastewater annually. The 
reclaimed wastewater is projected to constitute a major part of the irrigation water in 
the Jordan Valley (237 MCM in the year 2020). 

Potential desalination of brackish water 

Aquifers having brackish waters are as follows: Disi sandstone (2,712 MCM), 
Krnub sandstone (75 MCM), Amman Wadi Sir (104 MCM), Rijam (15 MCM) and 
Wadi Arab Alluvials (13 MCM). A total of 67 brackish springs have been identified; 
64 are in the Jordan Valley, the Dead Sea and the Wadi Arab areas. The combined 
flow of these springs is estimated at 96 MCM/year. 

The costs of desalting are considered the only constraint. This process should 
be further investigated and pilot plants should be built in the area for research 
purposes. 

Water harvesting 

This is a small-scale method which involves collecting rain in water drainage 
areas, constructing dams, or collecting it from rooftops. Estimates of water 
contributing to the water budget is in the range of 10 MCM. 

Groundwater recharge 

This practice could be utilized to enhance the groundwater reserves in the 
aquifers. The Ministry of Water and Irrigation has embarked on a comprehensive 
study in Amman-Zarqa Basin to study this option. 

3. Possibilities to use shared international water resources 

Jordan shares its main surface water resources in the north with its neighbours. 
The Yarmouk River is shared with the Syrian Arab Republic, where most of the 
catchment area is located. The Jordan River originates from Lebanon and flows to 
Lake Tiberias before most of its water is transferred for municipal and irrigation use 
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via the Israeli National Water Carrier. Water quality has deteriorated in the Jordan 
River because of several factors. The irrigation and urban activities, diversion of saline 
springs into the river, and insufficiently treated wastewater discharged into the river 
are major problems preventing the utilization of the river flow for municipal and 
irrigation uses. 

(a) 	Consequences from the peace process 

In October 1994, Jordan and Israel signed the Peace Treaty agreement. The 
water issue was a principal subject of the provisions of the Treaty. Annex 2 of the 
Treaty puts forth regional schemes to be studied and investigated. An additional 215 
MCM is expected to become available to Jordan as a result of this Treaty. Several 
storage dams on the Yarmouk and Jordan rivers will be constructed, and a desalination 
plant to treat 20 MCM of saline springs, currently diverted to the Jordan River, will 
be built to supply Jordan with 10 MCM of drinking water quality. Other regional 
arrangements were agreed on. This included storing water in Lake Tiberias in winter 
and supplying it to Jordan in summertime, and exploring new possibilities to supply 
Jordan with 50 MCM of potable water. 

4. Supply demand imbalance 

(a) 	Sectoral demand analysis 

Municipal demand 

Municipal consumption accounted for about 21% (214 MCM) of the total 
water use in 1993. Average water consumption per capita is 145 litres, yet the demand 
cannot be met in most of the urban settlements in summer. The water consumption 
is rationed by a quota system, rotating supplies and intermittent pumping. This 
practice has several consequences: reduced quality with the potential risk of serious 
contamination; loss of metering accuracy; and loss of consumer confidence. 

Agricultural demand 

Agricultural crops are irrigated in the Jordan Valley and in the highlands. The 
agricultural sector accounts almost for 74% of the whole use in the Kingdom. The 
privately owned farms in the highlands are irrigated by groundwater from private 
wells. These farms use about 350 MCM of groundwater (renewable groundwater is 
about 277 MCM) for low-value crops. The estimated areas under irrigation in the 
highlands are 33,000 ha. 

The publicly owned irrigation system in the Valley utilizes mainly surface 
water resources (Yarmouk River and the side wadis), and the effluent of the 
wastewater treatment plants (almost 300 MCM/yr). This irrigation scheme was 
developed by the Jordan Valley Authority (JVA), which still operates it. The main 
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scheme was 26,000 ha; however, the 14-km extension of the King Abdallah Canal 
irrigates about 6,000 ha off the south valley north of the Dead Sea in winter only. In 
the southern Ghors, south of the Dead Sea, only 4,850 ha are under irrigation. The 
JVA is continuing with its ambitious programme to increase the efficiency of the 
conveyance and the distribution system, with growing conversion to pressure pipes. 

(iii) 	Industrial demand 

Industrial water uses were about 33 MCM, which accounted for only 4% of 
the total water use in 1993. Many industries install their own private wells to reduce 
costs and increase reliability. Some of these wells are metered and the Government 
charges 100 fils per cubic metre. The water price is too low to encourage the 
industries to initiate waste minimization programmes and utilize recycling 
opportunities. 

(b) 	Future potential water demands 

Projections of future water demands in different sectors are shown in the table 
below. These projections are based on municipal water consumption of 200 1/c/d, and 
a continuous decline in the population growth rate. The irrigation water demand 
projection is based on development of all possible projects. The table shows that the 
deficit in supply-demand is expected to increase in the future. Although analysis of 
several projection scenarios in different reports has shown various deficits, all scenarios 
agree, without exception, there is a serious gap and that a realistic solution to close it 
is not apparent. 

WATER DEFICIT PROJECTIONS (MCM) 

Year Population 

Potential 
municipal 
demand 

Potential 
industrial 
demand 

Potential 
agricultural 

demand 

Total 
water 

demand 

Available 
renewable 
resources 

Expected 
water 

consumption 
Water 
deficit 

1993 3.98 292 42 900 1 234 725 983 251 

1994 4.10 299 42 900 I 241 725 940 301 

1995 4.24 310 50 950 1 310 800 1 000 310 

2000 4.85 354 78 1088 1520 1025 I 	100 420 

2005 5.70 416 96 1 088 1 600 1 200* 1 300 300 

2010 6.50 474 119 1 088 1 681 1 280** 1 300 381 

* 	Presuming that Jordan will utilize the agreed upon allocations of the Peace Treaty. 
** 	If Jordan utilizes available renewable brackish water resources. 
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The imbalance in the supply-demand equation resulted from the demand 
growth in different sectors that cannot be supplied by the limited resources of 
renewable freshwater, and the industrial, and municipal sectors caused unprecedented 
strains on these limited resources. These sectoral development factors are among the 
factors contributed to the supply-demand imbalance in Jordan. Other factors are: 

High costs of new technologies to augment the freshwater resources; 
Rapid improvement in living standards and health conditions; 
Demand growth in different water-consuming sectors: agricultural; 
municipal; industrial; tourism; and physical and chemical requirements 
of the environment; 
Limited freshwater resources; 
Lack of water conservation techniques; 
Leakage in the water distribution and delivery systems; 
Incomplete wastewater management and reuse; 
Lack of public awareness programmes; 
Improper water pricing that reflects on the use efficiency of water 
consumption; 
Insufficient know-how within the institutions. 

5. Water quality issues 

In some cases, water supplies are becoming unusable. In the Dhuliel area, the 
salinization level increased from 300 ppm to 3,500 ppm, and the nitrate concentration 
increased to 70 ppm. In other cases, aquatic ecosystems are disappearing. The Azraq 
Oasis is a visible example of habitat loss for migratory birds of global significance. 
Salinity of irrigation water caused crop losses and affected the salinity of the soils. 
The marginal water used for irrigation caused waterlogging in some parts of the Jordan 
Valley, which necessitated installation of drainage systems to reduce soil salinity. 
Protecting existing resources from further degradation is as important as conservation 
and improving efficiency of water uses. 

Water pollution sources: 

Domestic wastewater pollution 
Industrial wastewater 
Municipal solid waste 
Fertilizers and pesticides 
Saline water intrusion/overpumping 

Not only does the degradation of water quality have severe and negative effects 
on human health, as well as the physical and chemical parameters of the environment 
and the biodiversity of wild life, it also destroys expensive and scarce water resources 
and hence increases the gap in the imbalance of the supply-demand equation. 
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6. Institutional and legal aspects of the water sector 

The main governmental organizations in the water sector are the Ministry of 
Water and Irrigation, the Water Authority of Jordan (WAJ) and the Jordan Valley 
Authority. These agencies are responsible for the planning of water resources, 
developing potential water resources in the Kingdom, increasing their capacity and 
improving their quality, protecting them from pollution, supervising them and 
administering their affairs and putting forth programmes and plans to meet future water 
needs. Other governmental agencies concerned with public health and environment 
and water-related issues (Ministry of Health and Ministry of Municipal, Rural and 
Environment Affairs, Ministry of Planning) also have supervisory roles. 

Ministry of Water and Irrigation 

The Ministry was established under by-law No. 54 of 1992. It is responsible 
for the formulation and implementation of water and wastewater development 
programmes. Six Directorates were established in the Ministry. According to the by-
law mandate, the Ministry's main functions are to formulate policy and strategy, plan 
water resources development, monitor water and wastewater, procure financial 
resources, conduct socio-economic studies, establish information systems, and 
implement human resources development and public awareness programmes. As the 
other ministry branches (WAJ, JVA) are empowered by laws and have strong 
institutions with specific job descriptions that carry out these functions and activities, 
the role of the Ministry has yet to be strengthened. 

Water Authority of Jordan 

The WAJ is an autonomous corporate body with financial and administrative 
independence, and it has two principle functions: the provision of water and sewerage 
services; and water resources management. The WAJ is guided by a board of 
government and private sector representatives. 

Jordan Valley Authority 

The same responsibilities are mandated to the Jordan Valley Authority in the 
Rift Valley. The Authority is managing the water resources and their uses in the Rift 
Valley, under article 2 of its by-law (19/1988). 

The forthcoming General Environmental Protection Corporation 

Jordan's Environmental Act for the year 1995 is now being discussed in the 
Parliament to be approved this year (by September, it is hoped). This comprehensive 
environmental legislation aims at protecting the various elements of the environment 
by maintaining the natural environmental balance and achieving economical and social 
development. 
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Different articles of this Act dealt with water resources and their protection. 
The GEPC prepares the standards and specifications for water in cooperation with 
concerned institutions; monitors the water resources and their quality; controls and 
monitors the disposal of any solid, liquid, gaseous, radioactive or thermal pollutants 
in the water bodies; and sets the required guidelines for the preparation of the 
environmental impact assessment of the development projects. 

(e) 	Structural adjustment and policy support study 

A strong and coherent institutional framework is needed for the implementation 
of the proposed water management policies. Such a framework will consist of 
regulatory structures of governmental and public institutions, and all other pertinent 
elements. To ensure that institutional reform keeps pace with the requirements of the 
water sector, the Government of Jordan has initiated the above study in cooperation 
with the Canadian International Development Agency (CIDA). This study has 
presented proposals that would provide the water sector with the institutional structure 
to address the challenges that lie ahead. 

The principles of the study are: strengthened policy development and water 
resources planning capabilities; separation of governance functions from service 
delivery functions; separation of wholesale operations (national infrastructure) from 
retail operations (service delivery); investment of capability to increase commercial 
orientation of operations; establishment of mechanisms to facilitate input to water 
policy from other institutions, the public and industry; and financial viability, which 
should be a major characteristic of the detail design. 

B. FRESHWATER RESOURCES PROTECTION AND MANAGEMENT IN AGENDA 21 

The Agenda focal items (programme areas) are: 

Integrated water resources development and management. 
Water resources assessment. 
Protection of water resources, water quality and the aquatic ecosystem. 
Drinking water supply and sanitation. 
Water and sustainable urban development. 
Water for sustainable food production and rural development. 
Impact of climate change on water resources. 

1. Integrated water resources development and management 

The Agenda focuses on water resources as a vulnerable and finite resource. 
The management of this resource should integrate all the demand aspects of the 
resource, including quality, economic values, unity of the managing institutions and 

350 



legal framework of the management. The holistic management of freshwater as a 
finite and vulnerable resource, and the integration of sectoral water plans and 
programmes within the framework of national economic and social policy, are of 
paramount importance for action in the 1990s and beyond. The fragmentation of 
responsibilities for water resources development among sectoral agencies is proving to 
be an even greater impediment to promoting integrated water management than had 
been anticipated. Effective implementation and coordination mechanisms are required. 
The Agenda focuses on water resources as a basic right of human beings, with the 
required quantity and quality needed for use and the safeguarding of the ecosystems. 
However, the use of water beyond basic needs should be economized. 

Integrated water resources management, including the integration of land- and 
water-related aspects, should be carried out at the level of the catchment basin or sub-
basin. Four principal objectives should be pursued, as follows: 

Promoting a dynamic, interactive, iterative and multisectoral approach 
to water resources management, including the identification and protection of potential 
sources of freshwater supply, that integrates technological, socio-economic, 
environmental and human health considerations; 

Planning for the sustainable and rational utilization, protection, 
conservation and management of water resources based on community needs and 
priorities within the framework of national economic development policy; 

Designing, implementing and evaluating projects and programmes that 
are both economically efficient and socially appropriate within clearly defined 
strategies, based on an approach of full public participation, including women, youth, 
indigenous peoples, and local communities, in water management policy-making and 
decision-making; 

Identifying and strengthening or developing, as required, in particular 
in developing countries, the appropriate institutional, legal and financial mechanisms 
to ensure that water policy and its implementation are a catalyst for sustainable social 
progress and economic growth. 

In the case of transboundary water resources, there is a need for riparian States 
to formulate water resources strategies, prepare water resources action programmes and 
consider, where appropriate, the harmonization of those strategies and action 
programmes. 

The targets set by the agenda are as follows: 

(a) 	By the year 2000: 
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To have designed and initiated costed and targeted national action 
programmes, and have put in place appropriate institutional structures 
and legal instruments; 

To have established efficient water-use programmes to attain 
sustainable resource utilization patterns; 

(b) 	By the year 2025: 

To have achieved subsectoral targets of all freshwater programme areas 

2. Water resources assessment 

The overall objective of ensuring the assessment and forecasting of the quantity 
and quality of water resources, in order to estimate the total quantity of water resources 
available and their future supply potential, to determine their current quality status, to 
predict possible conflicts between supply and demand and to provide a scientific 
database for rational water resources utilization. 

Five specific objectives have been set accordingly, as follows: 

To make available to all countries water resources assessment 
technology that is appropriate to their needs, irrespective of their level of development, 
including methods for the impact assessment of climate change on freshwater; 

To have all countries, according to their financial means, allocate to 
water resources assessment financial resources in line with the economic and social 
needs for water resources data; 

To ensure that the assessment information is fully utilized in the 
development of water management policies; 

To have all countries establish the institutional arrangements needed 
to ensure the efficient collection, processing, storage, retrieval and dissemination to 
users of information about the quality and quantity of available water resources at the 
level of catchments and groundwater aquifers in an integrated manner; 

To have sufficient numbers of appropriately qualified and capable staff 
recruited and retained by water resources assessment agencies and provided with the 
training and retraining they will need to carry out their responsibilities successfully. 

The following targets could be set: 

(a) 	By the year 2000, to have studied in detail the feasibility of installing 
water resources assessment services; 
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(b) 	As a long-term target, to have fully operational services available based 
upon high-density hydrometric networks. 

3. Protection of water resources, water quality and aquatic ecosystem 

The complex interconnectedness of freshwater systems demands that freshwater 
management be holistic (taking a catchment management approach) and based on a 
balanced consideration of the needs of people and the environment. The Mar del Plata 
Action Plan has already recognized the intrinsic linkage between water resource 
development projects and their significant physical, chemical, biological, health and 
socio-economic repercussions. The overall environmental health objective was set as 
follows: "to evaluate the consequences which the various users of water have on the 
environment, to support measures aimed at controlling water-related diseases, and to 
protect ecosystems". 

Three objectives will have to be pursued concurrently to integrate water-quality 
elements into water resource management: 

Maintenance of ecosystem integrity, according to a management 
principle of preserving aquatic ecosystems, including living resources, and of 
effectively protecting them from any form of degradation on a drainage basin basis; 

Public health protection, a task requiring not only the provision of safe 
drinking water but also the control of disease vectors in the aquatic environment; 

Human resources development, a key to capacity-building and a 
prerequisite for implementing water-quality management. 

The following targets could be set: 

To identify the surface water and groundwater resources that could be 
developed for use on a sustainable basis and other major water-dependent resources 
and, simultaneously, to initiate programmes for the protection, conservation and 
rational use of these resources on a sustainable basis; 

To identify all potential sources of water supply and prepare outlines 
on water protection, conservation and rational use; 

To initiate effective water pollution prevention and control 
programmes, based on an appropriate mixture of pollution reduction-at-source 
strategies, environmental impact assessments and enforceable standards for major point-
source discharges and high-risk non-point sources, commensurate with their socio-
economic development; 
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To participate, as far as appropriate, in international water-quality 
monitoring and management programmes such as the Global Water Quality Monitoring 
Programme (GEMS/WATER), the UNEP Environmentally Sound Management of 
Inland Waters (EMINWA), the FAO regional inland fishery bodies, and the 
Convention on Wetlands of International Importance Especially as Waterfowl Habitat 
(Ramsar Convention); 

To reduce the prevalence of water-associated diseases, starting with the 
eradication of dracunculiasis (guinea worm disease) and onchocerciasis (river 
blindness) by the year 2000; 

To establish, according to capacities and needs, biological, health, 
physical and chemical quality criteria for all water bodies (surface water and 
groundwater), with a view to an ongoing improvement of water quality; 

To adopt an integrated approach to environmentally sustainable 
management of water resources, including the protection of aquatic ecosystems and 
living freshwater resources. 

4. Drinking-water supply and sanitation 

The New Delhi Statement (adopted at the Global Consultation on Safe Water 
and Sanitation for the 1990s, which was held in New Delhi from 10 to 14 September 
1990) formalized the need to provide, on a sustainable basis, access to safe water in 
sufficient quantities and proper sanitation for all, emphasizing the "some for all rather 
than more for some" approach. Four guiding principles provide for the programme 
objectives: 

Protection of the environment and safeguarding of health through the 
integrated management of water resources and liquid and solid wastes; 

Institutional reforms promoting an integrated approach and including 
changes in procedures, attitudes and behaviour, and the full participation of women at 
all levels in sectoral institutions; 

Community management of services, backed by measures to strengthen 
local institutions in implementing and sustaining water and sanitation programmes; 

Sound financial practices, achieved through better management of 
existing assets, and widespread use of appropriate technologies. 

Past experience has shown that specific targets should be set by each individual 
country. At the World Summit for Children, in September 1990, heads of State or 
Government called for both universal access to water supply and sanitation and the 
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eradication of guinea worm disease by 1995. Even for the more realistic target of 
achieving full coverage in water supply by 2025, it is estimated that annual investments 
must reach double the current levels. 

One realistic strategy to meet present and future needs, therefore, is to develop 
lower-cost but adequate services that can be implemented and sustained at the 
community level. 

5. Water and sustainable urban development 

The development objective of this programme is to support local and central 
Governments' efforts and capacities to sustain national development and productivity 
through environmentally sound management of water resources for urban use. To 
achieve this, it will be necessary to identify and implement strategies and actions to 
ensure the continued supply of affordable water for present and future needs and to 
reverse current trends of resource degradation and depletion. 

The following targets could be set: 

By the year 2000, to have ensured that all urban residents have access 
to at least 40 litres per capita per day of safe water and that 75% of the urban 
population are provided with on-site or community facilities for sanitation; 

By the year 2000, to have established and applied quantitative and 
qualitative discharge standards for municipal and industrial effluent; 

By the year 2000, to have ensured that 75% of solid wastes generated 
in urban areas are collected and recycled or disposed of in an environmentally safe 
way. 

6. Water for sustainable food production and rural development 

The key strategic principles for holistic and integrated environmentally sound 
management of water resources in the rural context may be set forth as follows: 

Water should be regarded as a finite resource having an economic 
value with significant social and economic implications reflecting the importance of 
meeting basic needs; 

Local communities must participate in all phases of water management, 
ensuring the full involvement of women in view of their crucial role in the practical 
day-to-day supply, management and use of water; 

Water resource management must be developed within a 
comprehensive set of policies for (i) human health; (ii) food production, preservation 
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and distribution; (iii) disaster mitigation plans; and (iv) environmental protection and 
conservation of the natural resource base; 

(d) 	It is necessary to recognize and actively support the role of rural 
populations, with particular emphasis on women. 

FAO global projections for irrigation, drainage and small-scale water 
programmes by the year 2000 for 130 developing countries are as follows: (a) 15.2 
million ha of new irrigation development; (b) 12 million ha of 
improvementlmodernization of existing schemes; (c) 7 million ha installed with 
drainage and water control facilities; and (d) 10 million ha of small-scale water 
programmes and conservation. 

The development of new irrigation areas at the above-mentioned level may 
give rise to environmental concerns in so far as it implies the destruction of wetlands, 
water pollution, increased sedimentation and a reduction in biodiversity. Therefore, 
new irrigation schemes should be accompanied by an environmental impact assessment, 
depending upon the scale of the scheme, in case significant negative environmental 
impacts are expected. 

When considering proposals for new irrigation schemes, consideration should 
also be given to a more rational exploitation, and an increase in the efficiency or 
productivity, of any existing schemes capable of serving the same localities. 
Technologies for new irrigation schemes should be thoroughly evaluated, including 
their potential conflicts with other land uses. The active involvement of water-users' 
groups is a supporting objective. 

The objectives with regard to water management for livestock supply are 
twofold: provision of adequate amounts of drinking water and safeguarding of drinking 
water quality in accordance with the specific needs of different animal species. This 
entails maximum salinity tolerance levels and the absence of pathogenic organisms. 
No global targets can be set owing to large regional and intra-country variations. 

7. Impact of climate change on water resources 

The very nature of this topic calls first and foremost for more information 
about and greater understanding of the threat being faced. This topic may be translated 
into the following objectives, consistent with the United Nations Framework 
Convention on Climate Change: 

(a) 	To understand and quantif,' the threat of the impact of climate change 
on freshwater resources; 
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To facilitate the implementation of effective national countermeasures, 
as and when the threatening impact is seen as sufficiently confirmed to justify such 
action; 

To study the potential impact of climate change on areas prone to 
droughts and floods. 

D. WATER RESOURCES MANAGEMENT IN JORDAN WITH RESPECT 
TO AGENDA 21 PROGRAMME AREAS 

1. Integrated water resources development and management 

In 1977 Jordan formulated the National Water Master Plan, which included 
costed and targeted national action plans and investment programmes, yet—and 
because of—the unprecedented demands on the resources and the fast-growing rates 
of the economic sectors, Jordan failed in implementing these actions. The fact that 
land use planning had not been integrated in the Master Plan made it difficult to 
implement. The Ministry of Water and Irrigation is currently updating the Master 
Plan, taking into consideration the environmental, social, economic and financial 
aspects within an integrated approach. The intention is to bridge the gap in the supply-
demand equation with projects that are economically feasible, environmentally sound, 
and socially acceptable. 

The demand-side management option is viewed as the most feasible solution 
to augment freshwater resources; moreover, it has environmental benefits (Win-Win 
solution). Jordan tries to pursue this option through reallocation of water among the 
different users, proper pricing mechanisms and structural adjustment programmes. In 
line with the side demand management, water conservation techniques in both the 
agricultural sector and the domestic sector were introduced. Priority will be given to 
modernizing and upgrading systems. Given its environmental benefits, wastewater 
treatment will be given high priority, and programmes will be developed to utilize 
treated wastewater in irrigation. 

With the fast growth of population and rapid urbanization, domestic water 
demands are expected to rise sharply. Jordan's efforts to augment local freshwater 
resources are becoming very expensive, and the Government should consider the less 
costly demand management options. However, several options are to be investigated 
with regard to supply side management to develop new and alternative sources of 
water supply, such as sea water desalination, artificial groundwater recharge, use of 
marginal-quality water, wastewater reuse and water recycling. 

In its structural adjustment and policy support study, the Government is 
currently evaluating its options, including decentralization of the services to local 
authorities, private enterprises and communities. 
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2. Water resources assessment 

Jordan's acknowledgement of the scarcity of its water resources, and the high 
demands on this commodity, necessitated early assessment of water resources. Several 
institutions are involved in the data collection processes for different purposes. The 
coordination among these institutions to reduce the overlapping and optimize the 
efforts is prudent. 

The Government will adopt the following specific policies and measures. They 
follow the same general order as the Five-Year Development Plan (1993-1997) and 
will as far as possible be implemented within the current plan period. 

	

(a) 	Persisting in the assessment of water resources, the Government will: 

Continue the assessment and evaluation of the basic water resources, 
including the evaluation of the quantities and qualities of renewable 
and non-renewable surface water and groundwater resources; 

Complete specific studies as follows: an assessment of the resources 
pertaining to fossil and brackish waters in the Kingdom, and the 
completion of ongoing (deep) groundwater surveys as a basis for 
developing comprehensive groundwater basin management plans; 
Within the framework of proposed institutional reforms, water 
resources data collection and processing will be centralized;. 

	

(b) 	Modernizing surface and groundwater monitoring systems, the 
Government will: 

Complete the installation (volumetric measurement facilities on all 
public and private wells and maintain a systematic record of all water 
pumped within the current Five-Year Plan period; 

Create a network of observation wells and water quality monitoring. 

Currently the review of the existing data-collection networks and the 
assessment of their adequacy is being carried out by the Ministry of Water and 
Irrigation. The aim is to improve networks to meet accepted guidelines for the 
provision of data on water quantity and quality for surface water and groundwater, as 
well as relevant land-use data. 

The Ministry of Water and Irrigation is upgrading the facilities and procedures 
used to store, process and analyse hydrologic data and make such data and the 
forecasts derived from them available to potential users. In achieving this target the 
Ministry of Water and Irrigation aims at: 
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Establishing databases on the availability of all types of hydrologic data 
at the national level; 

Identifying the need for water resources data for various planning 
purposes; 

Analysing and presenting data and information on water resources in 
the forms required for planning and management of the country's socio-economic 
development and for use in environmental protection strategies and in the design and 
operation of specific water-related projects. 

3. Protection of water resources, water quality and the aquatic ecosystem 

The Government's specific policies and measures with respect to protecting 
water resources from pollution are the following: 

To enact a comprehensive environmental protection law, consolidating 
related by-laws and regulations with a view to integrated environmental management; 

To create a comprehensive water quality monitoring system, consistent 
with the resource management and regulation; 

To enforce water quality standards on the effluent in respect of each 
industrial and commercial unit provided with a water use right. 

The Directorate of Laboratories and Water Quality at the Ministry of Water 
and Irrigation initiated an environmental monitoring programme covering the whole 
country. According to the head of the Directorate, the quality of drinking water in the 
Kingdom is within Jordanian and WHO standards. Moreover, recent laboratory 
analysis showed that it is suitable for non-restricted irrigation. 

The country has embarked on water rationing practices and the water is 
distributed according to a time schedule. This intermittent water distribution practice 
may have an effect on the water quality. 

The Government has initiated several projects which will improve and conserve 
water in the Kingdom. An industrial pollution control programme covering 30 
industries in the Amman-Zarqa basin was concluded in 1994. A water quality 
improvement and conservation project is currently ongoing. The four major 
components of the project—which include water resource monitoring and management, 
pollution prevention and cleanup, irrigation water management, and water management 
education—aim at conserving water and enhancing its quality for different uses. 
Moreover, several upgrading projects for some inefficient wastewater treatment plants 
are under way. Water distribution networks in some cities are also being rehabilitated. 
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The Jordan Environmental Act recently passed by the Parliament stressed water 
pollution prevention and control through several articles calling for: 

Application of the Polluter Pays Principle, where appropriate, to all 
kinds of sources, including on-site and off-site sanitation; 

Promotion of the construction of treatment facilities for domestic 
sewage and industrial effluents and the development of appropriate technologies; 

Establishment of standards for the discharge of effluents and for the 
receiving waters; 

Mandatory environmental impact assessment of all major water 
resource development projects potentially impairing water quality and aquatic 
ecosystems, combined with the delineation of appropriate remedial measures and a 
strengthened control of new industrial installations, solid waste landfills and 
infrastructure development projects. 

NAruRE RESERVES ESTABLISHED BY THE ROYAL SOCIETY FOR 
THE CONSERVATION OF NATuRE 

Name of reserve Location 
Year 

established 
Area in 

dunums* 

Annual 
rainfall 
(mm) 

Wadi Runi Aqaba 1989 560.00 50-100 

Azraq Desert 
Reserve Azraq 1987 320.00 50-100 

Wadi Mujib Madaba-Karak 1987 212.00 150 

Dana Tafila 1989 150.00 350 

Shaumari Azraq 1975 22.00 50-100 

Zubia Ajloun 1988 13.00 500 

Azraq (wetland) Azraq 1977 12.00 50-100 

* One dunum = 1,000 square metres, or 0.1 hectare, or .247 acres 

Since 1975, Jordan has established seven nature reserves under the 
management of the Royal Society for the Conservation of Nature, and seven more are 
planned. The establishment of grazing reserves also serves to protect ecosystems for 
overgrazing. Despite the establishment of nature reserves and grazing reserves, many 
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habitats, animal and plant species are lost, degraded, or threatened because of wetland 
drying. 

It is important to recognize the role of wildlife and plant genetic diversity in 
maintaining the development of new and improved varieties of crops best suited to the 
Jordanian environment. 

The Azraq Oasis, which is listed by the Ramsar Convention as a wetland of 
international importance, is undergoing severe degradation owing to overpumping of 
the Azraq aquifer. Only two small pools remain of the original 7,400 ha of wetlands. 
The Dana wildiands, which encompass 150 square km in southern Jordan and are home 
to diverse ecosystems and habitats, are threatened by residential encroachment, grazing 
and uncontrolled hunting. Mining and ore processing in the vicinity also affect this 
valuable reserve. 

4. Drinking-water supply and sanitation 

About 97% of Jordan's population is served by drinking water supply systems, 
and almost 60% of the population is connected to the public sewage system. Jordan 
utilizes groundwater resources mainly for municipal purposes, and to some extent 
surface water from the Yarmouk River via the King Abdallah Canal. 

Wastewater reuse as a growing source for irrigation in Jordan has received 
substantial attention. The Water Authority of Jordan is embarking on a very important 
programme to rehabilitate the operating wastewater treatment plants and construct new 
ones. This main objective of the programme is to protect the very limited and scarce 
freshwater resources and augment the water resources used for irrigation. This will 
alleviate the pressure on freshwater resources and allow for reallocation of higher use 
value. 

The structural adjustment and policy support study recognized the importance 
of strengthening of the functioning of Governments in water resources management 
and, at the same time, giving full recognition to the role of local authorities. The study 
also calls for the encouragement of water development and management based on a 
participatory approach, involving users, planners and policy makers at all levels. 

The Government specific policies in adopting this participatory approach and 
promoting public awareness of the importance of water conservation through: 

Undertaking systematic public education and awareness programmes, 
through academic institutions, multimedia approaches and other appropriate means; 

Involving stockholders in policy discussions at the various levels of 
government through public hearings, discussion meetings, committees and other 
participatory programmes. 
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5. Water and sustainable urban development 

Over 77% of Jordan's population, or 3.2 million people, live in urban centres 
(communities larger than 5,000 inhabitants). The Municipality of Greater Amman 
alone accommodates more than 35% of Jordan's population, almost 1.5 million people. 
Annual growth of the urban population currently is about 4.3%, indicating further 
concentration of inhabitants in urban centres, when compared with the national 
population growth of 3.5% per year. 

The negative effects of urban and industrial development are likely to increase 
with increasing urbanization and industrialization, unless pollution control and 
prevention measures are taken. Our concern here is restricted to wastewater treatment, 
industrial wastewater and municipal solid wastewater. 

The environmental problems of sewage disposal are of concern to the 
Government. It is hoped that by the year 2020 efficient sewage systems with proper 
sewage treatment plants will be available to two thirds of the population. 

To replace the use of septic tanks, the Water Authority of Jordan is currently 
implementing various wastewater projects for the main towns. By 1994, more than 
25% of all households across Jordan were connected to wastewater systems (serving 
60% of the total population). Among the new projects planned for 1995-2000, for 
which funds have to be allocated, are wastewater networks and plants for South 
Amman, Aqaba, Baqa'a and Moa'ta. 

A very high percentage of Jordan's population live in the urban centres. The 
urban-related environmental problems cut across several water resources management 
issues, such as: 

The introduction of sanitary waste disposal facilities based on 
environmentally sound low-cost and upgradable technologies; 

Implementation of urban storm-water run-off and drainage 
programmes; 

Promotion of recycling and reuse of wastewater and solid wastes; 

Control of industrial pollution sources to protect water resources; 

Protection of watersheds with respect to depletion and degradation of 
their forest cover and from harmful upstream activities; 

The water resources in the main urban centres (Amman, Zarqa and Irbid) are 
exploited and were not able to meet the growing demands, which forced the 
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Government to implement the costly water conveyance projects to transfer water. 
Reconciliation of city development planning with the availability and sustainability of 
water resources should be optimized to satisfy the basic water needs of the urban 
population. 

Initiation of public awareness campaigns to encourage the public's move 
towards rational water utilization is a very important tool in water conservation and 
efficient use of expensive and scarce resources, yet proper water tariffs to limit water 
wastage and improve health conditions have to be set. 

The Government's specific water policies to improve the efficiency of water 
carrying systems and reduce losses are: 

Progressively to integrate the management of storage and primary 
water delivery systems so as to optimize the management of the total resources in a 
flexible and efficient manner; 

To prepare systematic water audits and master plans for municipal 
systems, and upgrade and develop municipal networks to minimize unaccounted for 
water and to improve and extend the water delivery service in an efficient manner. 

In its attempts to adopt a progressive pricing system to secure the financial 
viability of water delivery agencies, the Government will: 

Enhance the existing block tariff system in urban areas so as to cover 
the O&M (operation and maintenance) costs of delivering municipal water services; 

Regulate private water deliveries in urban areas consistent with 
resource management objectives and regulation of the quality of water used for 
drinking and domestic uses. 

6. Water for sustainable food production and rural development 

Jordan was known as an agricultural country, but in recent decades the value 
of the agricultural contribution to the national income and also a source of employment 
has considerably declined. Agricultural output is only 7%-8% of the national income 
and it only employs 10% of labour, most of them expatriates. Still agriculture with 
its limited economical contribution is drawing almost three quarters of Jordan's water. 
The competition among the different water users (agriculture, industry and municipal) 
will continue to be a major challenge to Jordan's planners and decision makers. 

The wastewater reuse programmes initiated by the Government will ease the 
stresses on the freshwater resources to be reallocated to higher value consuming 
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sectors. This effort should be supported to ensure the optimum environmental benefits 
of these projects. 

The potential for utilizing brackish water resources for agricultural use should 
be further assessed and studied to support the appropriate use of relatively brackish 
water for irrigation. 

The Jordan Valley Authority acknowledged the pressing need to raise 
efficiency in the irrigation system in the Jordan Valley, and introduced some water-
saving practices at the user level. The Government's specific policies in this regard 
are: 

Encouraging cropping patterns that provide a high return on water, or 
which can make use of brackish water and/or treated wastewater, taking into account 
other constraints (soils, input costs and marketing); 

Promoting modem irrigation techniques that achieve water savings on-
farm while optimizing crop returns and farm incomes. 

7. Impact of climate change on water resources 

Air pollution—as well as Jordan's contribution to world emissions causing the 
greenhouse effect and global warming—is minimal. It is estimated that 12 million tons 
of gaseous fumes are produced by the power plants. An average of 575 tons/annum 
of chlorofluorocarbons are imported, of which 200 tons are re-exported in industrial 
products. This would amount to about 0.05% of total world consumption. As global 
warming scenarios for the next 50 years have been predicting a rise in global 
temperatures, this would result in a decrease in rainfall in Jordan, with a disastrous 
impact on agriculture and water resources. 

In the longer term Jordan is likely to be confronted by a severe shortage of the 
most basic of natural resources, water, which could be overcome to some extent 
through increased regional cooperation. Jordan's environmental problems and issues 
are dominated by the critical need to manage the scarce common resources of water 
and cultivable land more effectively to meet the growing needs of a population. A rise 
in global temperatures due to the predicted climate change would result in a decrease 
in rainfall, with a disastrous impact on agriculture and water resources for Jordan 
which would also be experiencing demographic pressures. These factors make Jordan 
very vulnerable to the impact of potential future climate change. As a result, there is 
an imperative need for Jordan to develop new policies or adapt existing policies of 
social and economic development that take into accout the potential impact of climate 
change. 
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At present there is a limited database on the sources of Greenhouse Gas (GHG) 
emissions in the Hashemite Kingdom of Jordan and the potential options to reduce or 
control these emissions. The current greenhouse gas emissions in Jordan are estimated 
to be equivalent to over I million tons of carbon dioxide per year, but no thorough 
study has been undertaken to estimate the emissions by source. Similarly, no inventory 
of the sinks has been prepared. In short, the country capacity to develop adequately 
and assess the data needs that are mandated by the Convention on Climate Change 
urgently needs to be built up. 

A new project will be undertaken on building capacity in the Hashemite 
Kingdom of Jordan to respond to the challenges and opportunities created by the 
national response to the Framework Convention on Climate Change and will be funded 
under the Global Environment Facility. 

This project will provide technical assistance and build capacity in Jordan to 
assist in climate change mitigation and adaptation through the advancement of national 
priorities in areas such as energy efficiency, fuel substitution, renewable energy 
development, and forest conservation and management. At the same time, local 
capacity to respond to the Framework Convention on Climate Change will be promoted 
through the promotion of inventory assessments, establishment of policy dialogues, 
evaluation of technological options, investigation of climate change impact, and 
analysis of adaptation opportunities identified and developed through this project. The 
project will actively collaborate and learn from experiences of other projects in the 
Maghreb, Africa and beyond. 

365 



	

XVI. (*)Jj  ZZU-4 	- 	 LiI &,j11 

.l J.cJ 
(**)U 

	

il ~ ) 	3Jl _L (Joyce Star) 	 J 	. t__.L 

	

':- 	

L r1 	 AAf 

	

J 	L4J JL 	 L 	J 	tiI 	Y JLJ 

	

"4U 	 U 	1i ,t41J 	JL UI" oU L. (Water Wars) 

A.4Ji 	(L.J vi  ul,)L2 	4L 	Jl 	UJi Ls 

)IAJJ 	 .k L. 	 J3 
.?JI ZLll 	11 (J J LL 	o.J 	JjjI 

. 	 () I 

L)A 	 &.LAJI JLAgJ 	L j  &1J 	L-~ 	III&I 	i J,L, 
Ai 	 LJU. Ii.i LLl 	k 

cF L 	JI J~LJ 	L. 	LA~ IZV J 	-11 	 L. AU 	-~ 	L, 
.LfJL 	 L 

J3 1 cJI 
- LJI (J)JJU 

LiI ALJt 	-\ 

	

, UU. 	;J LJI 	JI JJ 	iiJ; 

	

LJI jt,JI 	-'t 

.' -1 

LJ 	 UD 
JI çJj EJit  ZIil 	JL Jb J.JI 

(*) 

JI 	iJI ;,I 	•L'JI 	iI 	 (**) 

366 



4LJJL, 

\Jf 	 ,u.J 	J1JI . ,i  
L~ 	 JL 	&LaUI 	 i UiLiJI 61i1 

J ,)UII bL 

L?J1 	U'J3i 	-~ LL 	; 	iI 	( i 
(tUiI) ;-" u. 	 uJI 	Ji 

• >iJI 	J 	($i & J J 	LJL 	JI 	JI 	LJiI 
L 	,,LLAI 	L 	LL~ 	J~ 	 , 	 1J 

LLJ Ji i L 	, 	i 

UJ-J 	 LS 	 J.IJ çç 	 -c 

J 	t~.. 	Li; 	j.~Ji 	i~ v- j~i ;.i, 
LU 	4L 	Jl UJi 	 -h.... ()•JJ 

LJL*i3 JL 	L1 	£ _9 JATJl 

L?2_iL 	 L 	 l.. 	JI 	LI 	 L 
.oL._JI J-_ çç- 

LcJ- 	 L 	 \ 	.i 	LJI LL- 	U 
LF2 	JJ iI 	LL U, 	 LJt J 	L 	L.JI 	JJI 

UL 	UZ 	;L LJL ±W1 AJ5JI 

) 	j,sii ( ji 
-4•.. L4 	CQ ççj J LU 	I ,I 1 ~ 	JI ifl LJ 	w 	uji 	, 

:J. 	L* 	 I. 	II 	iL 

\ /\ ...... 	 J \ 	J 	JI JJJ I &LJI 	- 

&)JJ 	JI ) JI l 	t. .aj 	£ A 	J Jj_4, 	JI  

	

6.3)':II, 	J JI 	).2JI 44JI 	\ / ...... 

o o .J_L:J 	JWI J > JI 	- 

II 	 \ / ........____ 

1'JI 

oy. :Li ;I 	..1J )JI UJI 
\ 

J,SJI, I L. II 

367 



i* j5-~ ±jjt 	i4Jjj UJI 	J 	U~ 

• L 	 JI &t )i J 	IJL l~ 

	

&ILO 	iii 	-n 	 e- 
L. J~ o• 	 'i 	 JK y o• d,L JL- 	d~ 

O-LI JJ+ 	çf 	ç3JL.J 	ç 	L 	 ç 1 	 -\ 
I_&3 

LL L% JL 	 çLL JJ 4JAil 40 	JL. 	- 
L Jl JUJ 	L. 	I+.L) J, 	Jt 	,i 	 L. 

3,i 	 J 

JL 	 1J JL. JL J 	il LJI J 	-r 
&t . 	 &LI) 

JLJl SF 	 >~ i 	 Lt..0 &)JAJI 	J 	J 	 - 

	

J) JLJt vi io " 	 LL LFi 

A" (JI j)  

L.,Jl 	L. 	j 	 U 
Y çjiL 

Jl 	U 	 ,i 	J* i LUO42 WU 
)LLJ 	J ) I J 	 J.i U L J/,L, 

LJU 	 U~ 	J JI 	JI 
..-.- 	Jt 	J JL 	 JL 	 Ji 

L 	 JiJI 	3 	LU,t '•. J1l ,A JL 
J L 	 30 tLU 	WJi 4J 

( Ji   

c 	,LJt JJ 	 l 4 L; -  L 	 iI ç k 

J 	,l Li 	LAJ 	 i 

(JJ l~j 	Iji 	~ 	 i; U 

	

I 	 U 	JçatJ 



L 	-tI 	 L 	V 

	

YE , 	i 	 a o (tI) ;,L_~ 

ij 	 V 	J 

CJ J,  J 	kJ 	 JI 	L 	 L 	LA 

V  

J UA L 

	

Ji 	LAJI 

fl" 	 LJ J 	 iJ 

	

,i UJ.Wl oLJt L5 	'r-' 

ULfil 6 LJ 	JuJ 	U 	AJ &1 ) Jt &&J 

i j J 

LJ 	 j 	iii 	LI y 4J J )JI L 	 çi~ ,LJl 

Ji 	LJ J 	 LJ 	iI" 	 J 	\ V\ 

"LJ  

bLAJ;J, oiL Ai0 	LS 	 (Jt 

J--, 	JI 	.,LiIZ,JI fl..L. 	~ J 	 JI JI JLJI 	 Li 

JLJ 	dJ 	 _i; 	 JL 

JJI 	 i & (r• A') iLJ 	iJ 	LL) 

LLIS 	J5 "I 	 AO 

JLJi 	 Ji L . I J 	 JLJi j A L.5 JJJI 

L. ;L 	 i JJJI 	1l ( i 

	

• L 	oâ 	UJ 	L'I 

o* 	 :- 	 )LL  

k 	L V\• 	- 

K' t  L) 	L 	L Va' 	- 

L) LVIC 	 L V\ a 	- 

	

V.. 	 lLJ 	LJI 	)U 	 L 

cJc_u 	 L,LCJ rL \ r 

019 



A" 	JLil LSJI  JJl 	L1 	 )LLI  
(i,i tUJ)  3L 	 •• 	 t-') 

.( (.siL 	iJI) JJI i L o 	.L, 

L JI Lfi M aj J tLTaJI  JL 	0 	 * ,LL 	L ~ 

j iI 	Au ,LQ Lil 	U 

LJI  

( Ji ( .NL. vr-v) 	( 	(L)1 (•J~ A çj AuI JAJI L) JJJ L%JI 

aJ 	4LAu 	 JAuI 	LJI 	00 	W L.  

iL  

JJ 	ççJ 4 ~ )A 1 Z.ALjl 	 0y 
' 

	

)L~ U 	 V. 	Jl 

Ji 

	

i1 	çj Aul 	AuI 	U 
(J i.4J 	1 L0 	l 	t,Jl 	 -. fl 	LJl ur- 

L* 	(çi L ,J ~ Jt 3  dJI J 	 Jl 	1J i 	LJ ;uI" 4JLI.. i Jt 	J; 
.\ 1, Ao, J4.J )J 	ç•ç Q 	LJl 

	

J~J ,LII J1-4J  LL.JiA 	i 	LJl 
)8Jl 	 IS 	JI 	LJI L~i 

3 A lk L)AJii 	- 

AN 4 4  
\ 

CJl-)- JO_JiJl 

	

JI \ AA 	 AV 	 - 

	

AA 	 A\ 	 -  

A A V 	 J  

L1iI LI 	AJ 	 J-) 	&,LJl I 	JLLA"l LS 	Lj 
iil 	JL,Jl I 1A L4J 	' 	 Jl 

370 



LaJ 	1 	 iL 	5L J  )JAJI ôL 	 JLJ 

(Y 	 j) 	 j5J)- A 1  

.)4 	,Ui 	 \ A" 1J ~ L 
J 'JI 	ii 	 iJI UUI 	 ~ 

LLJI 	) .f'JI 	 U 	I 	 i 	LJI 
.LJl ifl 	 JI 

UJ çQ UJI 	fl L,iI JiU 1 i) ; 	 U 

a% 	 LAJl 	fJ 	t..L jLø 	 .i 

°V.. 

LJI 4)i J JI 3 	iI 	 —JI 	 1 ,i 
41JI3  6U4 	LJl 

ZZUJI jj 

UJ' 	• - r--. 	LJ 	L)L ) i 	 - 

UNDP 	;ii 	 ~ ,iJ 	J J 

l, - JI 	jiI 	 FAO Z..JW I  

LI 	 )LCJI 	\ A 	L4, 	- 

3 L-~ 	 U 
L 	 A" 	 i \ V. 

•JI k) 	 JJ~ Lrk 	&J 

j4j &L4J 	\. -  

3 	3LJI (Jlj (SJJ 

II 	 U, )J ç•çQ 	L5 U!~ LI 

tL'JI 

371 



(EVAPO-TRANSPIRATION) 	qi 	1JI q  LLJS 	JI 	\ - 

JY 	A 	 J~ 

J_JI 	 LAJ 	LiI L JI 4,JL) 	J) ba~JL, 

JJU..Ail () I 3  

JAi J~ Jt J 	k 	; JJ 	JI  
(Nebulositè) 	AJIJ 	J3 

LcJ L. U1J 	 J AL.Ai 	 J L ~J LL~ 61 
ç fl 	 l i 	LJI oLJI L ~ 

L% 	 J 	JLJ 	5iU ZiLL#Jl bLJI 
b13 	 £0" 	 z 	 LJLi 

CJI ) LS 	 L JLJI 61.1JI 	k q L. 

	

} 
;L 	LJ 	\ 	Ljl cs-1 00 

.LJI vi Vo 

L 	0t_JI 	c-r 

Jj ~ 	J 	JL 3j Jt * 	L.i LJI b 	W~ 
j 	 ilfl ,i 	45J 	 Lcit 	 U~ :L~Ji 

EJLJ, ,.LJ--, 4LQL 	I A 	J5 LF 

JLJt 4AI cL 	*•. J~I  baA 

Ji J.Jl 	Lii 
.t.JD'l 

	

-4i 	 LLi 	L. 	 d 

	

J 	 LS LJL 

) 	
LLJi 	 Ji 	

) 	 L,J 

I 	~ 	)iL 	Ji 	J 	JI 	JI 
A" 	Jt 	tLj l ç•s- 	 cr 	cs4 &J u . 

:LJ 	Ii J,JIJJ 	I 	 il 3iJI cs &L3 	Jt 

cs 	CJI;I 	Uil LL'rj cs-i 	/tL 	
- 	 cs-1  

372 



,j LA £ 	Lfl 	0LJ ( L JJI 	4J 	)_ Ji 

UtJ &j_it 4 J.Jl 4J L1, —L— L 	L 	L 

L 	 - 	 U!J 

.LJ 	J c.t 	~.A1I ;LJ) aJJI J g J 

;jiJl U JI 	J i 	J JI ôL 
(UNDP) \ QV 

L4 	U ( i ( i JL~' ~s i ZLL.Jl ij Ij.J1 
¶(FAO) 

Jl L)1i J 
(FAO) 

L3L) 	JLL 	i L41 	l,Jt 	J i 	LJl 	JI" 
-•.. 	LJ J 	LJ 	 •5 :ji &LJi 

J r----- 	 b 	&LJ 

oL 	,L,~ J j  L~ 	I L il JLJ 	1L LJl 
A~ J-~ 	 JI 	i 

J-- 	 bL 	LLI 6L 	 LL 	J JI oLJI U 
LJI 	\o 	L 	Ji ( )t JI);..iI 

* 	I .i&ii JL&I 

çs 	L.fl 	LJI 
0A 	Ly J5 	tLJ3 	LiI ,l 

L. 	
) 	

1~ ) 	JLAJt 	oL 
L. JI 	(uJ3  ZiiL.Iii 	 Jl 

)) 

L~ 

373 



oLL 	L 	() LJI 
31 

- 

L 	U.L.IA 8LL 

J 	_jl 	i 	 JI 
).2J3 	 J I 	JJ JI bLL 

Q0. 

0.. 

iLJ 	J. 	 A" 	iJLA XJI o 

) UJ-- " 4- 
iJI 	L4JkL.J 	 ,i 	A0 	L4J1 iL 

	

U.0'I 	'g  U 
0 	 i LJI 	i 	. JILA J~ 	&LJI ç JI AL4J &A~ 

_) 

J~ LJI 
I.Ii 00J l 	a7a 	I ala (ji Lc34LLk 

A -\ IkAA oJI 	Jl i LL 	L-5 	 JL. 
.\ 	-\ '0, 0% -\ 

AJI 	L. 	 iI o 

	

LLJl 	- 

	

AJl 	- 

	

LLJ; 	- 

	

jI ocJ,JI 	L.LJI 	- 

374 



	

L. 	 JJI LLJl 

	

JI 	L)---  L)' 	)J 	JL 	Jt oL 	- 

LJJ 	? J1 J  ) 	tJ ~ LJI 	LqI LJ 

	

LJ; 	,i (L 	L) 	Ul 	LJt  
LA 

	

cLJ j 	UiI 	 Jl)LJl J 

	

Ji 3JI 	LQi 	Li 	k 

	

-'* 	 1~ 	ç1Q 4J; 	LJ 	- 

>~ 	j-*,-2  L 	-'-: ,) 	c LLii 6J 

	

iLJ 	 (J' 	- 

JLJI LLL, 	6J1 	WU 	- 

	

4 	 L. 	 JLJ 	LJ 	 i 	L L 
.LJt 	q £ 	, 	 ,i ig 

L-  J, 	 LJL. 	xJI ,i i 
o V d 	L Ic. t3l jqL J 	 L 	JL J N \ 

iL 

	

L 	J 	J 	_L l _Jl i JJ 	JL J oV 1 i,)JI LL 
(JLLJ ( i 	 LA LI 

CAMP DRESSER & MC KE \ A •-.. 	iLA 
i.L'iI J 	i 	LI 	L LE 	"JJI LiJ 	~ JI LL 

JLAJI LLJIJI 

375 



bJI 	A~ 

J.J/ 	bJiAJI 

- 
- ÀY" 

OA" LJ 
. 

\ jri rr o . 0" 

J. 
• ).• 

N 0 	•• - 

•, Y i•• • • 

J J LJt 

• )1\ £o• v••• 

UJt 
• 	. N Y Y. (,J; 

tUi 
• 	VA \ A* Yr •.. - 

• ro• • 

iJ LJ LJt 

A0 \\o a  Y. 

00• • 	0 '\o • 

0 \ - . 

376 



bcJ LL_I 

J>AJlLj II 	Lc..LAJl 	 ia 

• L) AJI.3 	<II 	 L*,J 

L 	 LLI i 	 L ALJl 	 U 

L, &,Jl 	LIJI JJ 	&QLLi Ji 	 () 
:I JALJ 	 L--  J aLJ 	5 	 iL 

L. 	JI 	ui; 	L$ 	 LLA oA 
\ 	. 

Lk 	o 	 LA 	 Lc  JU 	 - 

\ 	 Lr LJLA 	 - 

L. 	LU ( 1 JL 	) 	- 

L 	J,JI 1J 'J 	,5 	LA 
1~ , 	 Li JL ~ 	J 	, 	i,il J,LiI 

ç ,)L_AJI J  *kJ 	 i' JJ 	L 	A)J5JAJ J.ALIAJ 

)LJ 	,1 JAL2AJ 	 U U-fl t, LLJ 	() 
LA+L 	, 	 ( 1JJI 	I. -ii 	 4 ) fl 	3JJIJ 	itJi jJi 
6LA &JJ LciC  Z JAL&.AJt o 	 J cJJ FLJ 

()LJ à UL. J.JA jL. bLAJI A 	 () 
.JI 	AAJJ JLJ2.AJ J  4J,JI 

iLc 	 LLL 

LAfl, 	 iL 	 ,L 	JJ oLJl 	LL LA 

j ($.J LLA~ J  L4c 	 1fl oLAJI JLAziI 
JL 	J 	 JAi 6LLJI  o 	JLA.J 	JI 	LA 

377 



L. L 	 I,i 	L 	 Ji 6JI 	UL. 

	

iJt 8Jl 	L ~ E 0 

L1 	 L.L.Jl 
cL 	,)LA 	 1JI 	 Ul 	LiI  

--- 

.Lt ~ ; 	JL. L i) 	UI LA~JL iI 
JJI 	ç•JI 	u 	J 

.LJI 

	

i,JI ,I 	L.fl 6L1.Jl 	LJl 	JL U 
LLJiLL.Jl 	 L. 	1d 	xfl 	JI 	J Jhj 

LJI 	£ 	LJIL
Ls  

,~43 ,Lg.4 £• 	. 

	
eJ.:i t+CJ)) L)!~ A  c.rJl 	 JI,I 	, 

J)JI ci,JJ ,L1" V 0 
" 	

6i 	 " 	 ijz 1J Zljj,Jl 
:L LA~ 	JI 

,1'4IL 	LJt 
4. J.JI 	6LJI L..ft 

• \A'" 

 tJJLA 

UtJ 
VA" 0. Vr• - 

Vo... Yv o . . t vo. - J AJI 

JIA 	 VO 	, 

• . 	c) L-•:;-j I,JJ UWI 	 J U 
(,2 b 9iJI olJI JL$ 

Jj : UNDP 	 FAQ IJ 3  
( JIL 	 \ V"" 	J 

__Jt 	LJI tjI 	Li 	,i 	L \ T"  

378 



	

_L31 	
:--- 	

- 

L~ 	t 3  LJL. LLJl L 	 L 

(_:) 	. ' 0 • \ a 0 

Vo 

\AY \fl0 

:l jj 1I 

AV LLJI 

A" P0 JiJ1AJ 

Ji ç LL~ ( i 	ci 	 Jl 
L-'~ 	J, ( J 	 . 

iJI L4 	,U WL 

_LJt 

" J 
AJ 

.)
ji 

JJ ( iT 	VO UJUI J LLJ  	A" 

a 	 JI 	J 	id 	 UI Jt L. L 

L 	(•)~ L1 ,i 	Yo• 	 1J 	1J J 

379 



- 	 L3J 	i JJI 	LI 	 j) 	JL J 
& U 	'J otJ 	L-- L-i J L a 

) 	 J 	,5 
_~ 	 :--ti ;•AL?.flJ L J)JJ 	i 	', 	 , 

.1J 

1L5, 
LcJ- J~ 	"2 4LJ 'tL ,t Li 	j 	L. j.A

>~ Jl W LS k 	LJ LJ 
JL 	J. 	 L, 

k L6JJ ~ 	 , 	ut 

	

JI 	LJt-LI J~LJI 

j; ai j  

4, 	 J-ll  
.6. 	 8 

L 	iL~ 	 oL 	 (•%J 
J1<-i J.::. 	'9 L 	-JI  

L 	), JLJ LJL 

RM 



(Li Vi'I 

LS 	J" J U 	 bLU 	fl 	 4 

.JLJI 

4%  - 

JI AL 	•% -\ -, 

~ri o ,L 	L11L,ZLL.Jl 	Jl ;, t ~ °V 

	

UJ.JI JJ 	oL 	(JLJ Ls 

btA 	 LciLJI 	 LL* 
.LlJ AJt 4Q1<J 

() 

	

LJ 	"L*Jl 	 ) 
LJI 	Li 

L 	 JL 	1Jl 	. 	 L 	LI 
.UJlJ 	JI 	Ui 	JLJl LL 	UJ, 

( JI ;Jl 	 JI 	Jt 	4 J 

IJ l 

LS 
 4JJJ 	 J J 	Li Jj 	J L 

-5  
J 	I 	 L 	;iI LLLi 	 L+.,L-Zl  

JK 31J 	 ) 	Li 	L.LJI 

L LI 	 J, 	LfL-~ I 	 U 	4, JJI 
4% .. 

cL.tt 	jtJt 	~JJI 	IJ 
41JIi 	L. 1-~ 

Ui' 	 LJ' J, LA5 
JJL 	3JI 	 J,,LJL LiI JJi 

.L*c. oL 

381 



(j ~J 	LJI 	JJI Q 	u.L J LQ 	JI i it ~ 	5, 	U 
. 	ote 	L3J 	Jt Lc) 	L 

	

iJ3 Li 	US I 	L ~JLiI 	L 
L 	JL I 	j  6L=LJItUi JI 	 LSJI )LJL J 	JI JLJI 3 	iI 

8LJI 

	

J•: 	 ;JtL  

	

ôtj LJ-' .5LI 	LiI 	 ,~J Ji~JL 

L) 	 U 	 çQ L 4~JI 	 L4i JLAJI 	U 
.L4.ijI i 	JI 	L. 	 LiI 

	

JiJI J'JI 3ij 	JL2 	A 	L 	 ;,IiI 
~ , 	US ,J45-4  LJII IJ,JL i- 	 TQ 

J \ 

L,LI 	J 	,i 	JL 	JI 	LJI 

Ij'JI 	 JLJl 

	

J1 	 M 
,L_LI 	Uii 	JI - 	 IiI ;) 	 LU 	 , 

	

JLJ 	JA4 &.JL L JJ J  

.&J pt.. 	L)L.UI . 	US 	Y r Jc JLJI  uc 

4 	- 	- L,LIJI J  JL0JI 	~ I 	I 
13I 	&1iI &LfI 3 	JI ;~ I 

jJ U  A~Jl I 	JI 

	

JI )Lf JI 	 L 	JiL 	J!~J ;J3 	-~ JL 	 LWI 

WIN 



	

JLJ 	 \ °V 

L aL 	Ii 	 L4-~ 	 LU 
	

40 
,Lf'JI 

I 	cJJI JL 	, 	 LJI i LJI 	±La JLL 

	

& j JI ôLil &.S 	&LAiI 
1.1i 0 -)-LA JI 

	

> ti 	 -\ - 

	

LS L 	 J)Jl 

JI 	 (1) 

&iL 	IJJ 	 . 	 i 	i1 '-- I 
LLJI JJ1J  

Ll 

i*J 	 L ~ 	L 	LJI 3j 	JiJ3 	LJ 

C~ 	ç.iL 'll ($JI 	JJ 	 J 	Jj i j  LI 

	

LJt4JL 	 J -41 

U 

U3 1°Y1 	 *' L JI 	JJ 	L&• 	1JI bj 

r-- 4_.JIj 	 &-LDJI 	LA L:- 	 1 L il Lfl J 
:Ll 	J) 	LJ 

	

L4J1 J 	iI 

	

. 	 - 

LS3) 	L) L 5  t~Jl J 	J jLi 	L 	Jl J 

cu_lili 	 (tLJI) vL,I ajl J4 J 	—r 

'' 	 ' 	----" 	--' 	 a 	 LIJI 

ma 



	

L 	 LJL 	iL U 	JJl t 	iJ 
Jt &JA.JJ 

LJl 	
() 

s.s- 4.ø )l ç i &iJ J bAil Lck 

)JI JLiJ 	LfL 	 BL 	 &JLAJl J 	Jl J.LJ 
Jil 	 L. 	iL 

	

L4.i J 	 JL. 	L 	ii 
.tiL 17ILi4q 

JJ 	(\) 

AJi JA~ 	 ii 	LJ 	 o 	j~ 

:LLJ 

	

U 	AJL bLJI 	 4J U 
Li 

u  

.Lii 
 

J 	 L3 	L 	12: "J (ii) L3I 
e)LJ 

Ls 	 ,LIAJl 

	

Li'uI J~ JL L' 	 _) 

! 

	

_jJ J 	3:1Jl 	l 	JL ~ i 	 - 

J~ 	 - 

384 



	

Lf'l 	tJl 	('v) 

Li 	I_____ ':1 	I - 	 ,LdJIJ  JL_J; 
L d3UJ; 	 LJl 	'21 Hil JL-~ 

	

L1QJi 	J 

iJJ çç '2 L,L?iJIJ  JLJ &3 L. j 	il Jl 

lj1 çk 	L4 	___Il 	 JU çjJI 	Jl 
.,ILJl 	 i 4L ~ l 	Li JJl 

	

-, J1iii oLJ 	-' - 

e-' 	il 	 6LJI &aLJ 	Jl 	'2 
jJ_q 	JL 	LL 	( Jl 	LJl J-~  
,zA l .1, U 	 U l ) 	 LJl 	i 	JIAJI 6LJI J 	L 

.JI 	 JLJI 	Jl 	,Jl bL 	L~ J LLJ 	UJl 

LLL 	 iiI JLLL2 

	

Jl ;jJJl JAJI eLJI 	~ 	LrL ;U 

il LJl ; ~ 	~ JI J~ Jl 	l'2l LUI 	U 

	

UL L4 	J ,J 	 L 	LJl 

	

hIJ, JLJI 	LJI 	'' - 

V-A L 	 6LJl 

	

J,LJ13  LLI 	Jl 	iJl 	JI 

	

çr &JUJI 	LiI 	\ -' - 

Jl 	J 	LJI 

L• Ji: 	 ;Jl 	JI 	WI J  

385 



I4IJI 	--' 

lài 	ç,Lfj 'F1 	LS4 	 LAJ 	- '•J 

tJI, 	Jl 	Jl L 

,JI 	1L 	() 

	

)LAi 	;LL, 	iI 	LS j.4JI  

çr1 W.*LJI 	()- 	 LJI 
; J)J- I 	,Jl, 5JJJ; 	L 	 JL 	J 

Li  

cLL 1J 	JL 	 3j ci~JI 

N-" 	JL,...J LI 	J. 	i 

	

4..&J 	 iI 	L1 

	

LJLA,..LL 	oLJ k JiL4JI 

k 	() 

LJJ 	L L 	
- 

4W_ LLL 

t L-,. 	 LL 

JI 

,j 

386 



;I 5 ii 	LJL2..LJ 	JiIJ aLLaT JLJ 	iLii 	- 

t~ 	ai;, 	iJi 	.ii jii 	Lcj U 	JI 

Jj~jj,JIj 	 3ki 	J 	iLJI 	JI 
.b,)J 

I4J (c JJI 	() 

-lJ .i 	 Jt 	L.JI, bL.JJ 	LLi 	LJLAi 
,LJJ 	LA 	 1iJ J.AL<J 

33 _JI LL 	L 	At.AJ JL 	L. 0iJI J3L 

LS1 lJA LL 	&LJ 

L.tI bLA.lj 	i 	-J 	 L3- 

çr 	L.fl 8LJ; 	ui 4j L&AA dJ 

.JI 	 ii 	~J 	LJ 
iii L5 	 ôL 

, tI1J L. 

J L) 	 LII L.JI k JiLAJI 
bAJ 	AJI 	 JLA. 	4L.JI 

4JiJI 6L.JI , 	-' 	
II 

:Ai; 	 6JI 	Lc 
Jt 	ÔJI L* JLaAj  ZLL3j  

LfI %"cJI k 

LA &±JiI 	LJI 	LJI 	 II 	LAI 

LAiI &.LJI 	 oL.&U LJ.. 	a 	J.c.1 L4 	c- 	() 
JL JK_ 	JI 	UI 	 ( JI LLII 	 bJi 
LJJ 	 JL LLI L.kAJI &LJ 	LU JI 

JL LA L.iAJ 1 I 6 

387 



,LfU 	 . LI-. 	,LJil cLUL,  JLoAJ L)JU 

3 	,LJiI j  Y T Li 	JLJ 	'.-.  
L*. J3L, JLJ 	jUid 	 JJ 	1J 	L, c'•• 

(•)S• J 	Ll &5Jj  JiL 	J-~ 
JIl SF1 	C )Jil ç L 	 83L 	J J~ LAJt 	LTJ 

	

JI ( i JL 	o 	( i 	i 

L4. 	)~ cLJl 	k JL 	JLAJI 	 aJi dJ ~ 

SF LSJJ 	 SFA 	 iJ  
Li 8b, >~ L ( i JLJ oL i -  I 

L4: 	JJI -. 3.LLL.Jl 1 AHI  

	

L; 3e-1  çJ..•J JJI 	)JI j  

,i j L4JLLUI 	,~ii u. 	j,iI 8LJI 	Ii 	 () 

	

. 5 LL,JI ..L,JJ 	JI Lf'J 	IJI 

	

JLJI J  LJ LJL j,L ;4i 	u, 'I 	JI L 41 	
, 

L2 	1~ L ,., , ;.'J  

Jj JI 	~JI çç- L ~ LLiI 	 ' 	 I~ jj  

JI Jj JI 1J J 	iAi 

JI LJI JS 	iI 	LJI 	HI 	 - 

; ) I 	J. 	JLJI 	I JI 	L 	- 

k~ JI 	LJI cJ 	LJI cJL 	LJ JLJI 
Lii' I ,) 	I JI J 	L 	ii 	J.  

•--- 	 '21 	'2 	LiiJ3  LJI 	* LJI ) 

,iJ ZLLil 	'L 	 bAiI 	Jj 	 ,LL 

	

LLI 	JI 
)L..J 	UJI 	JI 	 iI!~JL 	LJI 1I 

	

JI 	iI 

E1 



XVII. THE FORMATION OF THE PALESTINIAN NATIONAL 
WATER AUTHORITY 

SE 
Hisham Zarour* 

Introduction 

After so many years of lacking control over all aspects of life, the Palestinian 
people are re-establishing national sovereignty and reinstating control over national 
land and resources. The international community recognized the Palestinian right to 
control and manage national water resources in the Multilateral Talks on Water in the 
Middle East which were held in Muscat, Oman in April 1994. The Palestinian 
Authority announced in the Oman Talks its intention to establish the Palestinian 
National Water Authority (NWA). 

On 26 April 1995, the Palestinian Authority announced officially the 
establishment of the NWA. Upon its establishment, the NWA recognized the need for 
a legal framework to organize the nation's water sector and manage its waters. In due 
course, a draft law entitled "National Water Council and National Water Authority 
Act" was produced and submitted to the President. The Act is now being reviewed 
by the President and it is anticipated that it will be signed and implemented in the very 
near future. 

The intention of this paper is to give a brief overview of the past situation and 
recent developments related to water resources management in Palestine and present, 
in brief, the main features of the proposed water act. The intention of the Palestinian 
Authority is to comply with Agenda 21 and the guidelines set by the World Bank in 
planning water resources management in Palestine. 

A. PRE-PALESTINIAN AUThORITY WATER MANAGEMENT 

Until the beginning of May 1994, all water resources in the Gaza Strip and West 
Bank were controlled by the Civil Administration, the administrative arm of the Israeli 
occupation. The Civil Administration managed water in the West Bank and the Gaza 
Strip through the West Bank Water Department and Gaza Department of Agriculture. 
Although both departments were staffed primarily by Palestinians, the West Bank 
Water Department and the Gaza Department of Agriculture were run by Israeli military 
officers, who carefully watched to ensure that military regulations were being applied 
in their respective areas. 

* Senior Hydrogeologist/Team Leader WRAP/NWA, Palestinian Authority. 
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Under the Israeli occupation, the water management systems applied in the 
occupied territories of the Gaza Strip and the West Bank were like mirror image 
reflections of the system applied in Israeli: water is managed by agriculture institutions 
and essentially for the interest of Israel and Israelis, whether living in Israel or in 
settlements on the occupied lands. The discriminatory water management policy 
applied in the occupied territories resulted basically in: 

Unjust allocation of rights as well as unjust allocation of social and 
economic benefits of water use and services; 

Economically inefficient and environmentally unsustainable utilization of 
the limited resources of available water; 

Political complexities that will continue to overshadow the Israeli-
Palestinian negotiations; 

Inapt infrastructure and legal framework; 

Weakening of Palestinian institutional and professional capacity in the 
field of water management. 

B. WATER MANAGEMENT UNDER THE PALESTINIAN AUTHORITY 

As of 4 May 1994, the Civil Administration lost control over most of the Gaza 
Strip and the Jericho area as a result of the implementation of the self-rule 
arrangements agreed upon between the Palestine Liberation Organization and the State 
of Israel in Cairo. As of that date, the Palestinian Authority took charge of civil 
affairs, including the responsibility for water resources management, in the self-rule 
areas. 

Under the new arrangements, the Water Division of the Department of 
Agriculture in Gaza became a division within the Agriculture Ministry of the 
Palestinian Authority. Later on, the name was changed into the Directorate General 
of Water, Hydrology and Geology. In the Jericho area, the Palestinian Authority, 
supported by the Water Resources Action Programme (WRAP) and a number of non-
governmental organizations (NGOs), established the Jericho Water Office in June 1994 
in order to undertake the essential task of hydrological monitoring in the area. On 28 
February 1995, the Palestinian Authority established the Hydrology Bureau (HB) as 
a unit within the Water Planning Directorate of the Ministry of Planning and 
International cooperation (MPIC). The HB has the very precise mandate of: (a) 
undertaking hydrological monitoring; (b) development and maintenance of hydrological 
archives, databases and information systems; and (c) designing, carrying out and 
supervising hydrological studies (including assessment of water resources). 
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All of the above-mentioned intermediate institutional and organizational 
arrangements were essential at the time when they were made by the Palestinian 
Authority. However, the target of the Palestinian Authority has been to capitalize on 
existing resources and "building blocks" and, ultimately, the development of a 
comprehensive legal and institutional framework to manage water in Palestine in a 
manner that guarantees social equity, economic efficiency and environmental 
sustainability. Accordingly, the Palestinian Authority established the NWA to achieve 
this goal. 

Fortunately, the NWA did not have to start from scratch. Expertise and 
initiatives to enhance water management capacity in Palestine exist in governmental 
units, universities, NGOs, and national programmes. One very important component 
that the NWA has available to it is the Water Resources Action Programme. WRAP 
is a joint initiative of the Palestinian leadership and the international community and 
was launched in the beginning of 1993. WRAP is financially and technically 
supported by the United Nations Development Programme (UNDP), the Canadian 
International Development Agency (CIDA) and the British Overseas Development 
Administration (ODA). 

The basic objective of WRAP is to develop Palestinian water management 
capacity. An interdisciplinary team of national professionals, the WRAP Task Force, 
constitutes the technical executive arm of the programme. As the programme was 
designed to support the establishment of the NWA, work on the programme has been 
executed in such a manner as to this end. The first activity of WRAP was to identify 
priority issues related to water resources management that needed prompt action, and 
then mobilize resources to address these issues. WRAP has undertaken a number of 
activities ranging from supporting institutional development to undertaking technical 
hydrological investigations and launching a public awareness campaign. During the 
first month of operations, WRAP supported a workshop on the appropriate institutional 
framework for water within the Palestinian Authority. In addition, the work organized 
by WRAP on the legislative dimensions related to water management proved to be 
very helpful to the NWA in preparing the draft act on the "National Water Council and 
National Water Authority", which (as noted above) was presented to the attention of 
the President by the NWA upon its establishment. 

Recently, the work of WRAP was taken over by the NWA, and all the 
programme's resources are now at the disposal of the NWA. The NWA is now 
focusing on the development of a comprehensive analytical framework for 
planning water resources management and development in Palestine. In addition, 
the NWA is working with the Norwegian Government on a project which aims at 
enhancing Palestinian water management capacity and at the activation of the 
NWA. A number of other activities involving other parties are also on the NWA 
agenda. 
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C. Mm FEATURES OF THE PALESTINIAN WATER ACT 

Maximum involvement of stakeholders; observing social equity and 
environmental sustainability while maximizing economic benefits; modem, high-tech, 
and capitalizing on all available and existing resources; largely interdisciplinary, but 
highly specialized; and de-fragmented, but decentralized: this is how water 
management in Palestine is envisaged by the Palestinian leadership and the NWA. 
This is easily sensed when reading through the National Water Council and National 
Water Authority Act; 

According to the proposed law, the highest water authority is in the hands of the 
National Water Council (NWC). The NWC is headed by the President and includes 
ministers of agriculture, planning and international cooperation, justice, local 
government and industry and a representative of national universities. In addition, 
membership in the Council is open to any party whenever deemed necessary by the 
Council. The proposed act defines water in Palestine as: all the water in the country; 
whether surface or subsurface, and including wastewater and brackish water. As for 
management, the proposed act defines it as: the control of water resources development 
by means of policy guidelines, studies and dissemination of information, development 
of comprehensive water use plans, and licensing. 

While deciding on strategic options, including general policy, pricing, 
involvement in regional cooperation, water resources protection and pollution control 
regulations, investment priorities are the responsibility of the NWC. The NWA 
represents the executive arm of the NWC. The NWA has been conceived as a public 
institution attached to the presidency. The head of the NWA would be nominated 
directly by the President. 

The proposed National Water Council and National Water Authority Act set the 
objectives of the NWA as the following: 

To ensure the most rational management of the water resources available 
in Palestine, in order to achieve a balance between available water, in terms of both 
quantity and quality, and the needs of the Palestinian people at present, as well as in 
the future; 

To promote introduction of those laws and regulations that are necessary 
to prevent abuse and pollution of water resources; 

To ensure the endorsement of the NWC for all water projects, and to 
oversee the implementation of those projects through national and local government 
departments or individual contractors; 
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To achieve the highest level of cooperation between local administrative 
bodies for the purpose of enhancing their water management capacity, and rational 
assessment of future needs; 

To achieve the highest level of cooperation between the NWA and all 
parties that have common interests. 

D. CONCLUSION 

The Palestinian Authority is now in charge of water management in the self-
ruled area of the Gaza Strip and Jericho and is now involved in extensive negotiations 
regarding the control of water resources in the rest of the West Bank. The Palestinian 
Authority entrusted the responsibility of water management to the NWA. The NWA 
prepared draft by-laws to organize the water sector and manage water resources in 
Palestine. The basic concern of the NWA at this stage is to capitalize on existing 
resources and expertise and consolidate efforts targeting the socially equitable, 
environmentally sustainable and economically efficient management of national water 
resources. The NWC and the NWA are policy makers rather than implementing 
agencies. Coordination of plans and activities between the NWA and different parties 
as well as among different interested parties is seen as an essential role of the NWA. 
The NWA is trying to develop a comprehensive approach in which centralization is 
avoided and fragmentation is absent. Guidelines set by the World Bank and Agenda 
21 are adopted by the Palestinian Authority as the strategic basis for planning water 
resources management in Palestine. Many countries and organizations are supporting 
Palestinian endeavours to set up a capable water resources management system. To 
all of them, we are highly appreciative and grateful. 
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1. 	The status of water resources potentialities: 

- Distilled sea water for domestic purpose = 

- Groundwater extraction for drinking 	= 

- Groundwater extraction for irrigation 	= 

92.812 million m 3  (1994 
statistics) 
2.458 million m 3  (1994 
statistics) 
185.380 million m 3  (1993/ 
1994) statistics for 
agricultural season) 

Prediction of availability and needs for various purposes up to the year 2025. 

Not available. 

Plans and programmes for updating information on water resources 
potentialities: 

- 	Installation of water meters in all wells for proper assessment of 
groundwater extraction; 

- 	Using GIS in water resources operation and management; 

- 	Storage and retrieval of water resources data in computers; 

- 	Using softwares for water resources design, graphical representation 
of data and interpolation and extrapolation of data; 

Main features of the national strategy and policy for development, manager and 
use of water resources up to the year 2025: 

- 	Water Master Plan in application at present: 

* 	Using treated sewage effluent for forage production in 
Rakiyah Project; 

* 	Natural recharge of groundwater reservoir; 
* 	Using modem irrigation systems in all Government 

agricultural projects and big private projects; 
* 	Irrigation with saline water as in the case of Al-Mashabiyah 

Project for planting 50,000 date palm trees; 

- 	Justification for eventual revision and modification to overcome 
current environmental impacts: 
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* 	Minimize deterioration of water quality; 
* 	Stop desertification due to lack of irrigation water; 
* 	Avoid salinity of soils and abandonment of farms; 

- 	Priorities for water resources allocation and usages: 

* 	Domestic use; 
* 	Agricultural use; 
* 	Industrial and commercial; 

Plans and programmes for implementing major water resources 
development projects: 

* 	Increasing water resources for agriculture by either 
importation of freshwater or desalination of sea water; 

* 	Artificial recharge in northern Qatar; 
* 	Improvement of irrigation systems in Qatari farms; 
* 	Continuation of research works in water resources. 

4. 	The objectives, activities and means of implementation (included in chapter 18) 
that have been incorporated into the national water master plans: 

- 	Freshwater needs for domestic, industrial and commercial purposes 
have been satisfied; 

- 	Feasibility studies for importation of freshwater; 

- 	Programme of development of deep aquifer; 

- 	Programme of natural recharge of groundwater; 

- 	Design of artificial recharge project; 

- 	Implementation of groundwater laws; 

Study of "Protection of groundwater in Umm Al-Affai landfill site"; 

- 	Preliminary design of the project: "Improvement of the Irrigation 
Systems in the Qatari Farms"; 

- 	"Farms and wells committee for rational utilization, protection, 
conservation and management of groundwater"; 
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Annual farms wells survey; 

Implementation of projects: 

* 	Er-Rakiyah Project for forage production using T.S.E. (41,000 
m3lday); 

* 	Al-Mashabiyah Project for plantation of 50,000 date palm 
trees using saline water; 

Intensive extension and training programmes; 

- 	Effective bilateral and multilateral cooperation with regional and 
international organizations dealing with water resources. 

Training sessions, seminars, lectures, exhibitions and field days concerning 
general awareness in water use were held in Doha with cooperation of national, 
regional and international organizations. 

Expected environmental impacts of water resources development, means and 
overcoming these effects: 

- 	Pollution of groundwater in landfill sites, to be overcome by lining the 
landfill floor; 

Deterioration of groundwater quality, to be overcome by natural and 
artificial recharge of freshwater; 

- 	Salinity of arable soils, to be overcome by adequate leaching of salts 
and integrated water and land resources management. 

Recommendation for strengthening cooperation between the ESCWA member 
states in the light of the basis for action for the various programmes. 

It is recommended that ESCWA make preparations for strengthening 
cooperation between the member States by holding seminars, workshops, training 
courses and transfer of technology in the field of water resources development and 
management. 

It is recommended that ESC WA offer technical assistance to the member States 
in implementing studies concerning development and management of water resources 
up to the year 2025. 
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Table D/Tableau D -' jJi 

- Name of Area of Capacity Purposes of Year of 
No Name of dam basin Length m Height m lake ha hm3  dam completion 

• i Tabqa Euphrates 4 500 60 64 000 14 100 Irrigation 1978 
640000 ha 
Electricity 

Rastan Orontes 382 67 2 100 228 Irrigation - 1960 
Electricity 

16 November Coastal 854 52 1100 215 Irrigation 1985 
14430 ha 

Qattina Orontes 1120 7 6 000 200 Irrigation 6000 1969* 
ha 

7 April Tigris 6 370 26 3 100 200 Irrigation 1990 
Khabur 48000 ha 

6 Baath Euphrates 2 650 14 2 715 93-24 Electricity 1989 
7 8 Mars Tigris 2 860 30 1 020 90 Storage 1990 
8 Mehardeh Orontes 228 41 450 67 irrigation - 1960 

Electricity 
Assafan figris 512 35 407.5 50 Irrigation 2000 1983 

Khabur ha 
10 Koudana Yarmuk 2 990 29 318 30 Irrigation 4000 1992 

ha 
11 Qastoun Orontes 1 850 20 35 27 Irrigation 4400 1992 

ha 
12 Babal Hadid Tigris 610 22 3 200 23 Irrigation 2250 1972 

Khabur ha 
13 Almuayzlieh Steppe 955 18 40 21 Irrigation - 1992 

Cattle 
Watering  

14 Sahor Aijoulan Yarmuk 3 259 29 260 20 Irrigation 1992 
18000 ha 

15 Aijarrahi Tigris 675 30 205 19.5 Irrigation 1900 1980 
Khabur ha 

16 Jabal al-Arab Yarmuk 700 20 260 19.5 Drinking 1978 
water 

17 Balloran Coastal 330 34 112.5 15.5 Irrigation 1200 1978 
ha 

18 Deraa al-Sharki a'armouk 208 35 136.5 15 Irrigation 1200 1970 
ha 

19 faldou Orontes 1169 23 165 15 irrigation 2200 1975 
ha 

20 Shikh Miskin t'armouk 1 640 17 322 15 irrigation 1100 1982 
ha 

T Alhwaiz Coastal 302 35 95 12 Irrigation 400 1986 
ha 

Y Saladin Coastal 600 41 90 10 Irrigation 1110 1986 
ha 

() 	In 1976 the height of the dam has been increased by 2 in. 
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XX. NATIONAL REPORT: WATER RESOURCES IN THE 
UNITED ARAB EMiRATES 

by 

Mohammed Saeed Abdullah* 

The United Arab Emirates is situated in the south-eastern corner of the Arabian 
Peninsula. Like other countries in the region, it has a hot, dry climate and very erratic 
and meager rainfall. The average annual rainfall is about 100 mm and varies from 50 
mm in the south-western desert to 160 mm in the northern and eastern mountainous 
regions (chart 1). In the absence of perennial surface water resources, the country 
depends on groundwater for all its agricultural water as well as domestic in the rural 
areas. In big cities such as Abu Dhabi and Dubai, the municipal supply needs are 
mainly met through desalinated water. 

A. PRESENT WATER RESOURCES POTENTIALITIES 

The water resources of the United Arab Emirates can be grouped into two 
categories: conventional and non-conventional. 

1. Conventional water resources 

(a) Groundwater 

(i) 	Quaternary aqufer 

In the absence of perennial surface water resources, the country depends on 
groundwater for all its agricultural and rural water supplies. The most important 
aquifer underlies the gravel plains. This aquifer belongs to the Quaternary age and 
hence is known as the Quaternary Aquifer. It is unconfined and is generally good in 
quality. 

It is distributed all over the gravel plain from north of Ras Al Khaimah to Al 
Ain and along the east coast. This is the main source of the groundwater currently 
being abstracted. The deposits of the gravel plains have undergone important digenetic 
transformations which led to the formation of new weathering minerals and resulted 
in alteration of permeability. 

* Chief of Dams and Water Section, Soil and Water Department, Ministry of Agriculture and Fisheries. 
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The aquifer consists of a mixture of sands, gravels and silty clay with local 
facies variation and lenses of impervious material. As a result of overpumping, this 
aquifer could dry up and its water quality could deteriorate; already, in some areas, the 
wells have dried up and been abandoned; 

(ii) Carbonate aquifer 

In addition to the Quaternary Aquifer the other potential aquifer is that of the 
carbonate rocks in the Northern mountains—Rus Al Jibal—and in the outcrops near 
Al Ain region. The preliminary investigations have indicated the presence of 
substantial amounts of water in the Karst topography. The presence of hot water 
springs at Khatt near Ras Al Khaimah, where the water issues directly from the 
limestone, having above normal groundwater temperature of about 39°C against the 
normal range of 28°-32°C suggests that a considerable amount of water percolates 
quite deep through the limestone structures. A detailed study is required to assess the 
full potential of the aquifer before any development programme is carried out. The 
other deep aquifers such as Dammam and Umm er Radhuma in the southern desert 
(near Liwa) were found to be highly saline. 

Surface run-off 

The mean annual run-off from the wadies during the rainy season is about 120 
million cubic metres. The water runs in the wadis for a period ranging from a few 
hours to weeks and even longer, depending upon the nature and the duration of the 
rainstorms. This water either drains to the sea or in the desert plains. 

Falajes and springs 

The Arabic term falaj is defined as open channels, cut and cover aqueducts and 
tunnels of water, usually driven in a hillside or sloping ground where the water is 
found at higher head sufficient to allow gravity drainage of water to the flat low-lying 
areas under cultivation. Although the dependence on falajes for agricultural water 
supplies has reduced greatly with the advent of deep bore-holes pumps, there still exist 
about 48 falajes all over the country, with an annual average discharge of about 20 
million cubic metres. 

2. Non-conventional water resources 

(a) Desalinated water 

Desalinated water is the main source of the municipal and industrial supplies. 
The total annual production of desalinated water in 1994 was about 475 million cubic 
metres, with Abu Dhabi and Dubai having the largest share in the production. At 
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present the use of desalinated water in irrigation is virtually nil because of the high 
cost. 

(b) Sewage effluent (recycled water) 

This is an important—but not the sole—source of irrigation water for the 
landscaping and beautification of the country's big cities. The total production of 
treated water in 1994 was about 80 million cubic metres. The major plants are in Abu 
Dhabi, Dubai and Sharjah. There is great potential for development in this sector, and 
its uses may not be limited to landscaping only as is the case currently; they could be 
extended further and supplement agricultural water supplies and could also be used for 
artificial recharge of groundwater. 

3. Priorities for water resources allocation and usage 

The top priority in water resources allocation and usage is of course municipal 
water supplies. Owing to quality constraints, groundwater is contributing to only a 
small percentage of total requirements, and by and large the municipal and industrial 
supply needs are met through desalinated water, as noted above. Agricultural water 
supply needs come next after municipal supplies and are met through groundwater. 
The third main sector is the landscaping and beautification of the cities. Treated water 
is mainly used in the big cities for irrigating lawns, roadside trees, plants and parks. 

Owing to the high cost of desalination, desalinated water is not currently used 
in agricultural irrigation, but because of the limited fresh groundwater reserves, the 
future use of desalinated water for agricultural supplies cannot be ruled out. With the 
development of technology and the utilization of a natural source of energy—the sun-
and a virtually unlimited source of raw water from the Arabian Gulf, desalination may 
become cheaper and the output from the desalination plants could become a major 
source of freshwater in the United Arab Emirates and other regions in the Gulf. 

Recycled water at present is mainly used for landscaping in the cities. The 
present output is about 80 million cubic metres annually, which is very little compared 
with the total water consumption in the urban areas. There is great potential for 
development in this sector, and local authorities have plans to increase the production 
of the treated water, which could be used in the agriculture and possibly for artificial 
recharge if there is excess output. 

With the increase of the country's cultivated area from 10,867 ha in 1977 to 
65,557 ha in 1993, water consumption also increased greatly. Total groundwater 
consumption for agriculture afforestation is about 1 billion cubic metres annually. The 
Government policy of providing subsidies, extension services and other incentives to 
the farmers has resulted in rapid growth in the agriculture sector, but at the same time 
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the water reserves have been affected adversely. Recognizing the effects of the water 
shortage on development, the concerned authorities have taken the necessary steps and 
adopted preventive measures to optimize the return from the investment in agriculture 
and prevent a decline in agricultural yield from the current levels. 

B. NATIONAL STRATEGY FOR DEVELOPMENT AND MANAGEMENT 
OF WATER RESOURCES 

Water resources in the United Arab Emirates are managed by Federal and State 
authorities at the national and local levels. At the national level, the Ministry of 
Agriculture and Fisheries, the Ministry of Electricity and Water, and the General Water 
Resources Authority are responsible for management of water resources, while at the 
local level the water departments of the respective Emirates manage the water 
resources. The Ministry of Agriculture and Fisheries develops and manages the 
agricultural water supplies and the Ministry of Electricity and Water is responsible for 
the drinking water supplies. 

The main features of the national strategy and policy for development and 
management of water resources are conservation and augmentation of the water 
resources. Since groundwater is the main source of the water supply for agriculture, 
which consumes about 80% of the total amount of groundwater abstracted, it has been 
overpumped heavily during the past two decades. 

To meet the demands of the municipal sector, the output of the desalination 
plants has been increased. New plants have been installed and more are planned. 
Similarly, the production of sewage water treatment plants has been increased and there 
are plans for further expansion. 

To meet the shortages of agricultural water supplies, the Ministry of Agriculture 
and Fisheries has taken various steps, including: 

Application of modern irrigation systems; 

Construction of dams to harness the wadi run-off for recharge; 

Providing extension services to farmers and for research work; 

Carrying out investigations and surveys for the exploration of groundwater 
resources; 

Emphasizing water conservation through direct contacts and media 
campaigns; 

(1) 	Environmentally controlled agricultural production; 
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Research on growth of salt-tolerant crops; 

Using management as a tool for conservation of water, and establishing 
computerized database and computer modelling. 

1. Modern irrigation techniques 

The most effective of the above measures is the application of a modem 
irrigation system. Extensive research was carried out during the period 1976-1981 to 
select the most suitable types of irrigation systems for the water and soil conditions of 
the United Arab Emirates. A pilot farm was established in 1983 to familiarize farmers 
with modern irrigation systems. Subsequently, a project on modem irrigation was 
carried out under which the irrigation network was provided to the farmers on a 50% 
subsidy basis. By adopting a modem irrigation system, water savings of up to 60% 
could be achieved compared with the traditional irrigation methods. By adopting a 
modem irrigation system, not only is water saved but productivity increases. 

Modem irrigation, which was almost non-existent in the country before 1980, 
has proved very effective. Out of a total cultivated area of 65,557 ha, approximately 
40,455 ha are under the modem irrigation system (chart 2). 

2. Construction of dams for groundwater recharge 

The second most important of the above measures is the construction of dams 
to harness floodwater during the rainy season. Dams have been constructed and more 
are being planned. 

There are about 35 small and large dams throughout the United Arab Emirates, 
with a total reservoir capacity of about 70 million cubic metres. Chart 2 shows the 
capacity and the year of construction of some of the major dams, and chart 4 shows 
the flood volumes at different dams during the period 1982-1994. These dams have 
proved very effective in recharging groundwater, and the results of the monitoring 
wells at the dam sites clearly indicate that these dams are functioning effectively and 
contributing to groundwater recharge. 

3. Extension services to farmers 

The Ministry of Agriculture and Fisheries provides technical advice to farmers 
through 50 Extension Service Units, and monitors the growth of crops on farms. 
Irrigation engineers of the Extension Units, as well as visiting experts, play an 
important role in the development of irrigation systems and water conservation 
measures by helping the farmers in designing and installing modern irrigation systems 
on their farms and provide advice on the types of crops suitable to be grown in the 

421 



light of experiment results. The extension officers regularly visit the farms and carry 
out farm surveys, collect and analyse soil and water samples, advise on irrigation 
scheduling and crop water requirements, and train the farmers on operation and 
maintenance of the irrigation networks. 

RESERVOIR CAPACITY AND THE YEAR OF CONSTRUCTION OF SOME DAMS IN THE 
UNITED Ai&B EMIRATES 
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4. Exploration of groundwater resources 

The main aquifer for groundwater abstraction in the United Arab Emirates, the 
Quaternary Aquifer, is fast being depleted because of overpumping. The search for 
new aquifers has remained a top priority, and all the concerned authorities have carried 
out groundwater studies on exploration of deep aquifers. 

One such study was carried out by the Ministry of Agriculture and Fisheries in 
1987, under which exploration boreholes of up to 1,000 metres in depth were drilled 
to explore the deep aquifers. The study covered the area from Shaam in the north to 
Liwa in the south-west. The study indicated the presence of good reserves in the karst 
topography in the limestone. A detailed study must be carried out to determine the full 
potential of the aquifer before any development programme is implemented in the karst 
region. Studies are under way in various regions for the exploration of new aquifers. 

5. Media campaigns for emphasis on water conservation 

Regular campaigns in print and the electronic media are carried out by the 
concerned authorities to create public awareness of water conservation and to put 
emphasis on the preservation of this precious resource. 

Pamphlets and other literature on water conservation measures are distributed to 
farmers and general consumers, and on special occasions, such as World Water Day, 
functions are held, including exhibitions and lectures on the importance of water 
conservation. 

6. Environmentally controlled agriculture production 

Owing to the harsh climatic conditions in the United Arab Emirates, some 
vegetables are largely grown in environmentally controlled greenhouses. In 1986, 
there were 1,678 greenhouses in the country covering an area of about 56 ha. The 
number of greenhouses increased to 3,960 in 1993, covering an area of 156 ha. 
Farmers can grow crops in greenhouses at times when it is difficult to grow these crops 
in open fields. Although the production of crops under controlled environments is 
comparatively expensive and requires high technical levels of operation and 
maintenance, it is still feasible economically because of the high yield, better quality 
products, and savings in irrigation water, fertilizers and pesticides. 

7. Research on growth of salt-tolerant crops 

The quality of water used in agriculture is deteriorating constantly. This limits 
the growth of certain types of crops. Research is being carried out on a variety of 
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local and foreign crops which can be grown using salty water. Some success has been 
reported, but a breakthrough has yet to be achieved. 

8. Establishment of a computerized data bank and updating 
information on water resources 

Better management of water resources is an important tool for conservation. For 
effective management, access to up-to-date data is a prerequisite. The Ministry 
operates a network of observation stations to collect various hydrological, 
meteorological and groundwater parameters and agricultural statistics. All such data 
available in files are being transferred to computer programs. This will provide a clear 
scenario and better understanding of the water situation in the country, and help in 
managing the water resources more effectively. 

C. MAJOR WATER DEVELOPMENT PLANS 

The major plans for development of water resources consist of the following: 

1. Construction of dams for harnessing the floodwater 

All the major wadis have been studied and dams have been constructed for 
harnessing the floodwaters to recharge underlying aquifers. The rainfall in the United 
Arab Emirates is meager and erratic in nature, but during the rainy season flash floods 
of high intensity are frequent and produce heavy run-off in the wadies. In the absence 
of dams or other hydraulic structures, this good quality water will drain either to the 
sea or into areas where it will not be beneficial. 

Three dams are in the design stage at present, and construction is expected to 
start as soon as the designs are finalized. Under another contract, about 20 wadies will 
be studied with a view to developing water resources in the catchments. Based on the 
results of the hydrological studies, dams and other structures will be constructed at 
suitable sites. 

A network of observation wells at major dam sites is maintained to observe the 
groundwater levels. The results of the observation wells are positive and indicate that 
the dams are functioning and serve the purpose for which they were built—recharge 
of the groundwater. 

2. Groundwater exploration projects 

Since groundwater is the main source of agricultural water—and the cheapest 
too—the authorities at the national and local levels are highly interested in developing 
the groundwater resources. In this regard, technical assistance has also been obtained 
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from international agencies for implementation of the projects. Groundwater 
exploration projects for new freshwater aquifers are currently being implemented in 
various parts of the country. 

D. TECHNOLOGY UTILIZATION 

In spite of all the efforts to conserve and develop natural freshwater resources, 
it is imperative to develop non-conventional water resources and to use modem 
irrigation technologies to meet the water demands of an and country like the United 
Arab Emirates. The fact is that there are not enough fresh groundwater resources, or 
that not enough have been explored yet, and the annual recharge of groundwater is 
only one tenth of its abstraction. In this regard, the following are the main fields of 
development and utilization to meet the water demands: 

Desalination; 
Sewage treatment; 
Modem irrigation systems. 

E. HUMAN RESOURCES DEVELOPMENT 

The Government is placing particular emphasis on the education and training of 
water management and technical staff at all levels. The professionals are trained 
abroad and locally, and on-the-job training is given during the implementation of the 
projects. Technical staff and professionals also participate in seminars and conferences 
to gain from the experiences of the advanced countries and to keep abreast of the latest 
technologies in the field. Research work and experimental projects are carried out in 
collaboration with the United Arab Emirates University and international agencies. 

The training programme for technical staff and water managers has played an 
important role in capacity-building, and the training programme has been expanded and 
more opportunities created for in-country training as well as training abroad. 

F. RECOMMENDATIONS 

For strengthening cooperation between the ESCWA member countries the 
following recommendations are submitted: 

I. Meetings should be held for the exchange of technical know-how and 
updating on the status of major water projects. Meetings of the water managers of the 
member States should be held at least once a year. This will enable the ESCWA 
member States to discuss management and technical matters and gain from the 
experience of the others. 
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Exchange visits should be conducted for technical staff of member States to 
see the projects in other member countries to promote technology transfer, gain first-
hand knowledge and study conditions of project execution. 

Regular visits should be made by the ESCWA experts for evaluation of 
planned and ongoing projects. 

Pilot projects may be executed by ESCWA in the member countries. 
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XXI. THE WATER SECTOR IN YEMEN: STATUS AND OUTLOOK 

by 

Abdul Kareem AlFussail*  and Mohamed AlEryani* * 

Introduction 

This paper outlines the major activities and developments in the water sector in 
Yemen over the past three years. In particular, it addresses the extent to which the 
various objectives of the seven freshwater programme areas of chapter 18 (Agenda 21) 
were achieved. The objective is to update the reader on the activities pertaining to 
each area and the status of the water sector in Yemen in general. 

A. ACTIVITIES IN THE PROGRAMME AREAS 

The seven programme areas which were proposed for the freshwater sector in 
chapter 18 of Agenda 21 are listed below: 

Integrated water resources development and management. 
Water resources assessment. 
Protection of water resources. 
Drinking water supply and sanitation. 
Water and sustainable urban development. 
Water for sustainable food production and rural development. 
Impact of climate change on water resources. 

1. Integrated water resources development and management 

Since the early 1980s, it has been widely acknowledged that water resources 
planning and management tasks should be separated from water development and use 
activities, so that the former are undertaken nationally while the latter are undertaken 
by sectoral entities in accordance with nationally approved plans. Consequently, a 
High Water Council, supported by a Technical Secretariat which was to act as the 
national planning and management agency, was established. However, several factors 
prevented this entity from functioning as planned. 

Because of this, water planning at the national level has not been practised up 
till now. Instead, the drinking, irrigation and industrial water projects are implemented 
by various public and private entities, each to serve its own sectoral objectives. In 

Engineer and Secretary, Technical Secretariat, the High Water Council. 

* * Professor, Faculty of Engineering, Sana'a University. 
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other words, water development projects are driven or motivated by sectoral demands 
and the responsibility for resource management is fragmented among numerous user 
sectors and entities instead of being consolidated into a single national management 
entity which integrates development activities with socio-economic development. In 
this situation, the various users are essentially focusing on resource utilization and 
ignoring resource management, a situation which resulted in overexploitation of finite 
resources. 

It was not until April 1995 that the idea of an independent water management 
entity became politically feasible when the principal line ministry (Ministry of 
Agriculture and Water Resources) became convinced that water planning and 
management must be separated from development and use. It was agreed that a 
National Water Resources Authority (NWRA) would be established by merging the 
Technical Secretariat of the High Water Council with the other three water 
management and planning entities at the Ministries of Oil and Mineral Resources; 
Agriculture; and Electricity and Water. 

Consequently, a team of professionals representing the four entities began 
drafting the NWRA mandate, organizational chart and other basic documents. In 
September 1995, the Cabinet approved the establishment of the NWRA, which was 
expected to be functional by early 1996. Valuable support to strengthen NWRA 
capacity to manage the country's water resources will be provided through a 
multilateral project jointly funded by the Yemeni Government, the Netherlands 
Government and UNDP. 

According to its mandate, the goal of NWRA is to "conserve the water resources 
of the country, prescribe strategies, policies and plans to ensure proper management 
and sustainable development of these resources, within the context of socio-economic 
development plans." Its mandate describes it as "the sole governmental agency 
responsible for the formulation of water resources policies and development strategies 
and the study, planning and management of water resources at the national level." The 
mandate terminates all water resources activities currently undertaken by the Ministries 
of Agriculture; Oil and Mineral Resources; and Electricity and Water and other 
agencies which are similar to those of the Authority or impinging on its functions and 
powers. 

To conclude, the establishment of NWRA is the main development pertaining 
to water resources development and management. The issuance of a Water Law is the 
next step. 

2. Water resources assessment 

Five objectives were targeted under this programme area; namely, access to 
appropriate assessment technology, availability of financial resources, full utilization 
of information, adequate institutional arrangements, and capacity-building. 
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In view of the lack of adequate institutional arrangements for water resources 
management at the national level, most activities in this programme area were largely 
at the sectoral level and only a few studies were at the national level. It is hoped that 
the establishment of NWRA will provide the institutional framework which will enable 
these objectives to be achieved. 

In addition to the numerous local and regional assessment studies, at least four 
national studies were completed during the past three years. These are: 

The "Water Master Plan", a 10-volume publication of the Technical 
Secretariat of the High Water Council issued in June 1992 (in cooperation with 
UNDP); 

The "National Water Policies", a publication of the Ministry of Agriculture 
and Water Resources issued in September 1992 (in cooperation with FAO); 

The summary of available information on the water resources of Yemen, 
a one-volume publication of the Ministry of Oil and Mineral Resources issued in 
March 1995 (in cooperation with the Netherlands); 

The Hydrogeologic Map of Yemen, an eight-sheet map published by the 
Ministry of Oil and Mineral Resources issued in July 1995 (in cooperation with a 
Russian consulting team). 

Of the regional studies; the study of Mukalla Sandstone in Wadi Masila 
(Hadramawt) is worth pointing out. The groundwater potential of this aquifer was 
discovered during the oil exploration activities. Initial findings suggest that the volume 
of water in this aquifer may well exceed 2,000 billion m 3 . 

3. Protection of water resources 

The overall objective in this programme area is to protect the water resources 
against quantity and quality degradations. Various measures and activities to achieve 
this objective were outlined in Agenda 21. However, because of the tendency of 
sectoral entities to focus on development and use and to ignore management, the water 
degradation problem was largely ignored. 

As a result, quantity and quality degradation of groundwater resources has been 
ongoing for years in more than one basin in Yemen. The problem of depleted 
groundwater aquifers is already felt in Rada, Sana'a, Sa'adah and other basins. 

Similarly, serious groundwater-quality degradation problems have already had 
a significant impact in the Sana'a Basin (where the pollution is due to untreated 
sewage) and in the Tihama Plain (where it is due to salt water intrusion). However, 
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although these problems have existed since the late 1980s, they were overlooked owing 
to the inadequate institutional arrangements for water management. 

One emerging problem is associated with oil production in Hadramawt 
Governorate, where more than 200,000 barrels of brine water are produced daily. 
Presently, the water is disposed of by injection into underground strata at various 
depths. There are genuine concerns regarding the potential pollution hazards of this 
practice, particularly on the recently discovered reserves of groundwater in Masila. 

4. Drinking-water supply and sanitation 

The overall situation with respect to the population's access to a safe 
water supply for drinking purposes remained, more or less, unchanged. That is, about 
30%-40% of the country's 16 million people receive piped water. Because the 
sewerage system is underdeveloped (only 35% of the urban population are served, and 
the sewage is not adequately treated), the water systems and supplies are frequently 
polluted. These two problems (the small percentage of the population with access to 
piped water and the high pollution risk) are probably the leading causes behind the 
high mortality rate among children under five (154 deaths per 1,000 births). 
Waterborne diseases are believed to cause some 70% of these deaths. 

5. Water and sustainable urban development 

Four targets were set in Agenda 21, namely: to supply all of the urban 
population with at least 40 litres of water/capitalday; to supply sanitary service (on-site 
or community) for at least 75% of the urban population; to establish and apply 
discharge standards; and to collect and safely dispose of 75% of all the solid waste 
generated in urban areas. 

Recent estimates for service coverage in urban areas put the water supply target 
at 50% achievement rate and sanitation at 35%. The average per capita water rate (for 
the served population) is probably more than the target of 40 lpcd. 

6. Water for sustainable food production and rural development 

Three targets were identified in this programme area, namely to achieve: 
economic value of water, community participation in management, and 
comprehensiveness of management policies. Again, because the institutional 
framework for water resources management has been inadequate, very little was 
achieved in this programme area. These objectives, however, are emphasized in the 
mandate of NWRA. 

The table below summarizes the main indicators in the fields of water supply 
and sanitation in urban and rural areas. 

431 



7. Impact of climate change on water resources 

Following the Climatic Changes Conference held in Berlin, Germany, the 
Netherlands Government committed funds to sponsor research into climatic changes 
in 10 countries, of which Yemen is one. In June 1995, the Environmental Protection 
Council (EPC) invited research proposals to address the various impacts of climatic 
changes; including the impact on water resources. Numerous proposals were 
presented, and a workshop was held to discuss and prioritized the ones to be funded. 
The final decisions are expected by early 1996. 

TABLE 1. PERFORMANCE INDICATORS FOR THE WATER SUPPLY AND SANITATION 
(Compiled from several sources) 

Impacts 

Direct impacts: 
Low percentage coverage: only 50% of 
the estimated 3.76 million urban 
population (1994 data). The percentage 
of coverage is diminishing due to urban 
growth while the network connections 
are fixed; 
Low per capita rate of domestic water 
supply: about 50 lpcd according to 
1992 data. Also diminishing. 

Indirect impact: 
Undermines public hygiene, the quality of urban 
environment/life and increases the cost of water, 
especially on the poor. It is estimated that 
about 70% of infant mortality is due to 
waterbome diseases. Thus, of the 154 deaths 
per 1,000 live births which occur before 
reaching 5 years old, some 107 deaths are 
probably due to waterborne diseases. 

Direct impact: 
Low percentage coverage: only an 
estimated 40% of the 12 million rural 
population (1994 data); 
Low per capita rate of domestic water 
supply: about 25 lpcd (1994 data). 

Indirect impact: 
Undermines public hygiene and the quality of 
life (impact on infant mortality like the urban 
case), leads to relatively higher domestic water 
cost (e.g., during droughts), encourages 
migration to cities. 

Problem areas 

Inadequate Urban Water Supply 
Service: 
Mainly due to accelerated growth of 
demand as a result of rapid urban 
growth, depletion of aquifers and failure 
to forecast the demand and to undertake 
appropriate expansion. Poor planning 
and poor cost recovery (under-pricing) 
are among the main causes behind this 
failure. 
The problem is further complicated by 
growing water competition with 
agriculture in urban basins leading to 
accelerated depletion of aquifers (e.g. 
Sana'a basin) and unclear water rights 
(preventing development of alternative 
supplies (e.g. Taiz and Shibam-Sana'a 
problems). 

Inadequate rural water supply service: 
Problem is created/further aggravated by: 
demand growth due to national 
population growth; inherently high 
capital cost of new systems due to 
scattered/remote locations of settlements; 
unwillingness of the benefactors to bear 
the full cost of water production; 
inability of the Government to continue 
building, and in many cases maintaining, 
free systems. 
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TABLE 1. (continued) 

Problem areas 

Inadequate urban sewerage services: 
Owing to rapid growth of urban centres, 
relative increase of per capita water 
consumption rate over the past three 
decades, failure of traditional (cess-pit) 
systems in cities or sections of cities to 
handle new rates and failure to forecast 
and implement required expansions as a 
result of poor institutional set-up and 
poor cost recovery. 

Inadequate rural sewerage services: 
Owing to rapid population growth 
(nationally), relatively higher rates of 
water consumption over the past three 
decades, failure of traditional (open) 
systems to handle the new rates and 
failure to introduce/promote appropriate 
alternatives. 

Impacts 

Direct impact: 
Low percentage coverage (only 35% of 
the estimated 3.76 million urban 
population (1994 data); 
Pollution (groundwater, beaches of 
coastal cities, and the quality of urban 
life in general). 

Indirect impact: 
Public health hazards due to waterborne 
disease; 
Economic losses (lost productivity due 
to water-borne disease; lost tourism 
revenue in coastal areas owing to 

	

- 	sewage discharge to the sea). 

Direct impact: 
Several types of systems are used. Data on the 
types and percentages of rural population served 
by each type will become available when the 
results of the 1994 census are released. 
Indirect impact: 
Poor hygiene, low quality of rural 
environmentllife. 

B. RELEVANT ACTIVITIES IN OTHER SECTORS 

The most significant activity of relevance to the water sector was the Workshop 
on Preparation of the National Action Plan for Environment and Development, which 
was organized by the EPC in cooperation with the World Bank from 16 to 19 
September 1995. In that Workshop, more than 100 participants, who came from all 
regions and institutions of the country, ranked two water and sanitation-related problem 
areas at the top of the environmental problems. These are: (i) inadequate water supply 
and sanitation services; and (ii) water scarcity. 

As a follow-up on the findings of this Workshop, policy options and 
implementation programmes are currently being prepared and are to be included in the 
forthcoming Five-Year Plan (1996-2000). 

C. CONCLUSIONS 

Except for the establishment of the National Water Resources Authority and the 
expected positive role which the National Action Plan for Environment and 

433 



Development can play in enhancing the water sector, it is obvious that not much was 
achieved in this sector during the last three years. 

Nevertheless, the significance of these two developments should not be under-
estimated. Most of the water sector's problems are due to fragmentation of 
management responsibilities, a problem which would be resolved by the Authority. 
However, the enthusiasm regarding the National Action Plan stems mainly from the 
expectation that it will be well received by funding agencies. 

434 



PART THREE 

INTERNATIONAL PAPERS 

435 



XXII. PLANNING IN AN ARID ENVIRONMENT 

by 

Rémy L. de Jong 

Introduction 

Water differs from other natural resources in that it has not received economic 
recognition or been assigned a monetary value, in spite of the fact that it is essential 
for the survival of the living environment. This has contributed to the rather arbitrary 
manner in which water has been allocated among a wide variety of users. In this 
respect, it differs sharply from other resources which are being developed, exploited, 
used and allocated according to the respective contributions their exploitation makes 
to the local economy, or to the well-being of the people claiming ownership of those 
resources. 

This peculiar and anomalous treatment of water is acceptable where the 
commodity is in ample supply, because its role in the economic process is not critical. 
When the supply is ample any errors in the allocation can be easily overcome by 
switching from one source to another. Moreover, in the absence of a shortage, the cost 
factor is insignificant. 

In and regions the situation is radically different. The decision makers in any 
specific economy not only do not have the hydrological option of switching from one 
source to another owing to the aridity, they are also limited by political and territorial 
constraints because many of the existing water resources are of an international and 
shared nature, outside the jurisdiction of any one planner. 

It is well recognized that the increase in population is one of the factors that has 
increased pressure on the development of water resources, but it is not always 
understood that those increasing populations are of a different type. They 
communicate and move about much more than before; they share ideas, facilities and 
land, as well as industrial and agricultural products. The concept of autarky, national 
economic self-sufficiency and independence, has lost its viability and is being replaced 
by widespread dependence on international trade whereby the best (and cheapest) 
producers attain the highest market shares. In theory, this leads to economic 
efficiency, except in local pockets of economic activities where, for specific reasons, 
subsidies and protective measures have been adopted by the decision makers. This 
trend has recently been recognized and emphasized by the conclusion of various 
regional or global free trade agreements, all of which share the common desire to 
encourage a free exchange of goods and services. 
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The fact remains that in many regions and communities the availability of water 
is not assured. Free trade in many commodities represents a partial solution to the 
local water shortage because significant quantities of water were used at their origin 
for production or cultivation. Nevertheless, there is still a need for direct allocation 
of the basic commodity "water" for consumption, for sanitation, and for public health. 

A. THE PROBLEM 

The basic problem for water managers and water planners continues to be to 
balance the available water resources against the reasonably foreseeable demands. This 
basic problem is assuming particular significance in the ESCWA region because of the 
following constraints and circumstances. 

The most obvious constraint is climatological. Almost all ESCWA member 
countries share an arid climate, which eliminates most opportunities for "supply 
management". Mobilizing new natural water resources, or minimizing existing natural 
losses, are not realistic strategies because those resources and losses hardly exist. 

Another constraint is financial. Much of the region depends, directly or through 
trade and manpower links, on the exploitation of petroleum resources. The market for 
the latter has lately been rather flat and so has the related regional income. 
Consequently many local governments have begun to adopt policies that call for moves 
towards self-sustaining public utilities. This means that utility managers need to 
consider very carefully whether the production techniques they use are not only 
technically sound but also economically justified. The expected utility income needs 
to be able to cover the operation and maintenance of the facilities, without automatic 
guarantees and subsidies from the Government. This circumstance makes many 
options for "supply management" unattractive. 

The ESCWA region does not presently experience major political conflicts. 
Nevertheless, recent history has seen serious disagreements and any decision maker 
should incorporate the probability of their recurrence in his planning. This 
circumstance throws a dim light over many water importation schemes, most of which 
rely for their successful implementation on a large measure of cooperation with other 
nations. 

An ironic constraint is the fact that many facilities in the region have just 
recently been constructed and are still in good working order. Although this makes 
life easier on today's utility manager, it also decreases the scope for cutting losses from 
leaks, because many of those losses may be very small and well within acceptable 
operating conditions. 

Before considering the issue of economic productivity it is useful to briefly 
review the traditional tools available to implement water sector management. 
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B. THE TRADITIONAL TOOLS 

Traditionally the two approaches to water management have been either to 
enhance the resources (supply management) or to decrease the demands (demand 
management). In slightly more detail, these approaches encompass several well-
researched and applied technologies. 

1. Supply management 

The reduction in the statistical variability of streamfiow by means of 
constructing storage reservoirs; 

The reduction of natural losses to sea or desert by means of a timely 
diversion or storage of surface run-off; 

The increase in freshwater supply by means of converting poor quality 
water (wastewater and sea water) into high-quality water; 

The increase of precipitation by means of cloud seeding or other induced 
climate changes; 

The reduction of evaporation losses to the atmosphere from both natural 
and artificial reservoirs or swamps; 

The reduction of subsurface seepage into water bodies of poor quality, 
such as seas; 

The importation of water from unconventional sources, for instance by 
means of the transportation of icebergs from the arctic regions; 

Interbasin transfers from areas of surplus to areas of deficit, for instance 
by means of the pumpage/diversion of water through pipelines or canals, or by marine 
transport in flexible containers or tanker ships. 

2. Demand management 

The volumetric reduction in the water consumption by various end-users 
in the domestic, agricultural, commercial, services, and industrial sectors; 

The improved matching of water quality with the water requirements of 
the various end-users; 

The reduction of water losses from water supply reservoirs and systems 
used by water utilities or other major water users. 
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The relevance of these tools to the ESCWA region was discussed in an earlier 
section. The next section will raise the issue of reaching a compromise, not based 
primarily on increasing supply or decreasing demand, but on reallocating existing water 
resources. 

C. THE SHIFT TO ECONOMIC PRODUCTIVITY 

It is universally accepted that water is the most basic resource to sustain the life 
of people, animals and plants. In spite of the fact that the lives of people are not 
expressible in terms of commercial value, it is also universally accepted that they 
deserve first priority in terms of water use and this point is not further addressed here. 
However, a few aspects deserve some scrutiny. 

It is of interest to note that even for people the level of the minimum 
requirement varies from place to place, and from society to society. All human beings 
appear to have a certain biological minimum amount to sustain essential body 
functions, although this may vary with climate. 

In addition, humans expect to have access to a certain daily amount of water for 
hygienic purposes, which may generally be referred to as the "public health" 
requirement. The magnitude of this requirement varies considerably, depending to a 
large extent on the economic well-being of the person concerned. 

Within the family unit, or the household, there are further demands that derive 
from food preparation and from the use of a range of household equipment in support 
of the needs referred to in the preceding paragraphs. Those household requirements 
vary even more considerably, largely in correlation with individual living standards and 
with the ability of society to provide the necessary infrastructure. 

It is obvious that there is no standard for domestic per capita water "need", but 
this does not contradict that, within a given set of conditions, the domestic demand 
deserves first priority. 

The problem then becomes to design an allocation scenario for the water that is 
left in an effort to satisfy all remaining feasible demands and claims. In order to 
ensure that all affected parties are fairly treated such a scenario needs to be based on 
verifiable, quantifiable, and defensible criteria. Several countries in the ESCWA 
region are being guided in their development by national development plans, frequently 
on the basis of a five-year cycle. Most of those plans, and in fact most governmental 
pronouncements of a planning nature, contain statements like "the Government intends 
to pursue economic development" of the country in question, or other words to that 
effect. Since water is one of the ingredients of almost any economic activity, there is 
a clear logic in basing water allocation scenarios on economic grounds. In other 
words, water should be allowed to flow in the direction (i.e. towards a subsector) 
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where it will make the biggest contribution to the economy. This is often expressed 
as the pursuit of maximum "water productivity". 

An important question concerns the definition and quantification of the water 
productivity and several options exist. One of those defines water productivity as: 

WP = GMIWU 

where: 	WP is the Water Productivity, GM (Gross Margin) is the monetary output 
of a certain economic activity (expressed in a convenient currency), and WU (Water 
Use) is the production factor, in this case water (expressed in a convenient unit such 
as m 3 ). 

In order to calculate WP it is necessary to have access to estimates or statistics 
for Gross Margin, either for the relevant subsector or for specific enterprises or 
establishments, depending on the level of detail that is aimed for in the water 
allocation. This parameter is very commonly used for measuring the economic 
performance of sectors and subsectors of the economy, and it can also be fairly rapidly 
calculated for individual enterprises from standard accounting records. 

Moreover, reasonably accurate records or estimates are required of the actual 
Water Use on the same time base as the data on Gross Margin. Although the physical 
flow of water is measured and metered on many occasions, the definition of this 
parameter may in reality present considerable practical problems. The main reason for 
this is that many enterprises obtain their water from municipal water systems and the 
operators of those systems, the municipal water utilities, have no reason to differentiate 
between domestic, commercial, and industrial customers. However, in order to 
estimate for instance the water use of the local hotels, one of the main components of 
the tourism industry, it is necessary to have data for all hotels. It may require 
considerable research of water meter records to obtain such data. 

Even if all data problems can be overcome, the approach of basing water 
allocations on strictly economic grounds has several weaknesses. The concept of 
basing the merit of water use on the relevant economic contribution of a sector ignores 
the fact that societies are composed of living human beings, most of whom expect to 
participate in the activities of that society. In other words, the creation of employment, 
regardless of the economic benefits, may be an objective in its own right. Although 
economic development may be a desirable goal, other factors may enter the picture. 
For instance, geographical distribution of the population, or strategic occupancy of 
certain lands, may in certain cases assume as much significance as economic 
optimization. 
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In order to accommodate such arguments, it would be necessary to develop an 
evaluation procedure that could override the economic arguments and replace them 
with others, taking into account that society is not a purely economic creation. 

D. CONCLUSIONS 

It appears that, particularly in the ESCWA region, the traditional methods for 
balancing supply and demand are beginning to reach the limits of their applicability. 
Therefore, serious thought has to be given to redistributing the available water 
resources according to clear and quantifiable criteria. The extent to which water 
contributes to economic development offers such an approach, provided that the 
necessary data are available and, can be processed to support the definition of a certain 
strategy. In addition, a method needs to be found to satisfy other, conflicting 
objectives, which may in specific cases take precedence over the purely economic 
arguments. 
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XXIII. WATER RESOURCES INFORMATION SYSTEM: WHYCOS, 
A BASIC TOOL FOR iNTEGRATED 

WATER MANAGEMENT 

DAW 

Serge A. Pieyns 
World Meteorological Organization, Geneva, Switzerland 

A. BACKGROUND 

While the pace of development is accelerating in many parts of the world, there 
is also growing and widespread pressure for increased protection of the environment. 
To reconcile these differing thrusts and to satisfy a number of other aspirations, the 
United Nations Conference on Environment and Development (UNCED) was held in 
Rio de Janeiro, Brazil, in June 1992. UNCED produced a blueprint for the future of 
this planet, namely Agenda 21, which addresses the problems of today to prepare for 
the coming challenges. 

One mafter which became clear was that a common and adequate knowledge 
base is lacking in many areas where judgement of priorities and far-reaching decisions 
are needed. Among the most important of these is the area of freshwater, since few 
other resources affect so many areas of the economy and of human and environmental 
health. 

The ESCWA region belongs mainly to the and and semi-arid zones. Some of 
the countries of the region are at present facing water shortages hampering their socio-
economic development and according to recent United Nations projections many of the 
countries of the region will experience chronic scarcities of freshwater in the near 
future. 

B. NEED FOR WATER RESOURCES INFORMATION SYSTEMS 

Both the freshwater chapter (chapter 18) of Agenda 21 and the report of the 
International Conference on Water and the Environment (ICWE 1992), on which it was 
based, recognize that knowledge of the hydrological cycle, in terms of both quantity 
and quality, is the essential basis for effective integrated water management. 

These same sentiments are reflected in a number of other similar documents 
(IUCN 1991, Dooge et al. 1992, World Bank 1994). These reports indicate the need 
for monitoring systems, including data archives, for water resources assessment and for 
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pollution protection and control. They identify the importance of communicating 
information on water to decision makers and to the general public. They insist on the 
necessity to develop cooperation and coordination at the regional and interregional 
levels through appropriate information systems for the integrated management of 
shared water resources. 

However, chapter 18 and the ICWE report also recognize that the monitoring 
systems and the Hydrological Services that operate them are in decline in many parts 
of the world (WMO/UNESCO 1991), largely because of budgetary constraints but also 
because decision makers and the general public are normally not aware of the 
economic value of very high quality and timely available data and of the dependence 
of water development on modem information systems in the field of water resources. 

These problems continue despite the international programmes promoted by 
WMO, UNESCO and other agencies, regional organizations and bodies. They also 
continue despite parallel regional and national initiatives, in many cases, initiatives 
stimulated by technical assistance programmes funded by donors. 

Records of river flows from around the world are collected at the Global Runoff 
Data Centre (GRDC) in Koblenz, Germany. A similar collection of water quality 
records is carried out by the WHO Collaborating Centre on Surface and Ground Water 
Quality at Burlington, Ontario, Canada. The first of these centres comes under the 
aegis of WMO, with UNESCO cooperation, the second has UNEP, UNESCO, WHO 
and WMO involvement. However, neither of these centres has adequate coverage of 
the globe, in terms of the countries concerned, nor in terms of the duration of the data 
sets and the data are of variable quality. For these reasons, it is extremely difficult 
to employ these data, even with additional international or national data sets, to assess 
comprehensively the world's water resources over the long term. To undertake this 
task for a particular decade, a year or a month is an impossibility. An entirely fresh 
approach is needed. 

C. THE WHYCOS INITIATIVE 

As a contribution to address this situation, WMO, with the support of the World 
Bank and other agencies, has developed and promoted the concept of a World 
Hydrological Cycle Observing System (WHYCOS), which will be implemented to act 
as a tool for the improvement of collection, dissemination and use of high quality, 
standardized and consistent hydrological and related information at the national, river 
basin, regional and international levels for development purposes. 

WHYCOS would establish a basic network of benchmark, or reference stations 
throughout the participating countries. These stations would generally be selected sub-
sets of the existing station network agreed with the national agencies. These stations 
would almost always be existing stations with long records. All stations contributing 
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to the WHYCOS network would be upgraded to common minimum standards, such 
that users of the database could be assured that the data met assured standards. 

Stations would transmit data in real time using modem Data Collection Platforms 
(DCPs) with data being transmitted from field stations to national, regional, and 
possibly international, centres via satellites, generally those geostationary satellites 
intended primarily for meteorological observations. Existing segments in the WMO 
Global Telecommunication System (GTS) of the World Weather Watch (WWW) will 
also be used, where these are available. 

Raw data would be available to users in real time, but the national hydrological 
agencies responsible for each contributing station would subsequently validate and 
quality control the data, according to agreed WHYCOS criteria, which would then be 
stored on the database with flags to indicate that the data have been checked. 

All these stations would measure routinely a common core set of variables 
comprising for example: river level/flow, rainfall, the climatic variables required for 
estimation of potential evaporation using the Penman equation, selected basic physio-
chemical parameters of water (see table). Users would be involved in the selection of 
this standardized core set of variables and of any additional ones, taking into account 
the technological limitations. 

WHYCOS 
TABLE. DATA TO BE ACQUIRED AND TRANSMITJ'ED 

Environmental variable 
Frequency of 

measurement per day 
Water level 1 to 6 (depending on size of river) 
Water pH 1 
Water conductivity  
Water temperature 
Dissolved oxygen 1 
Turbidity  
Air temperature 8 (synoptic hours) 
Rainfall 24, plus daily total 
Relative humidity 8 
Windspeed 8 
Net radiation 8 

445 



TABLE. (continued) 

Housekeeping variable 
Frequency of 

measurement per day 

Battery voltage Once per day 

Solar panel voltage Once per day 

Memory status Once per day 

Temperature inside instrument housing Once per day 

The WI-IYCOS database would be a distributed one, with operational centres at 
national and regional centres. The data belong to the participating countries and must 
be managed at this level. Once a year, or more frequently according to the needs, 
historical data from selected stations should be passed to GRDC for archiving and to 
other international centres. In addition to the key role of managing the global 
database, which is seen as essential to address the goals of a large-scale phenomenon, 
the GRDC could assist in the definition of operational guidance and to support the 
national and regional operational centres, notably through training within its field of 
competence. 

As stated above, the data would be stored on a series of distributed, but linked 
databases. These would be at the national and regional levels, but these databases 
should be linked using some sort of flexible, easy-to-use communication network, such 
as the World Wide Web on Internet. Such network communications would also extend 
to other related data sets such as those maintained under the Global Climate Observing 
System (GCOS), the Global Terrestrial Observing System (GTOS), the Global 
Environment Monitoring System (GEMS) and the Global Ocean Observing System 
(GOOS) programmes, and to the databases maintained by the GRDC at Koblenz and 
by the Global Precipitation and Climate Centre (GPCC) in Offenbach, and the 
FRIENDS' databases. 

It is proposed that basic data held on the WHYCOS databases should be 
available free of charge to users. However, any derived products, such as maps of 
specific run-off, hydrographs, results of analyses and so on, would be charged for in 
order to generate an income stream for national hydrometric agencies. Such a system 
would help to create a sustainable data collection and dissemination service. 

Capacity-building would be part of WI-IYCOS activities. Therefore the needs 
for qualified experts would be assessed and relevant initiatives to improve and/or to 
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sustain the situation would be developed, not just in the field of training which is only 
one of the ways to build national capacities. 

WHYCOS has already been endorsed by the Commission for Hydrology (CHy) 
during its ninth session held in January 1993. The Executive Council (EC) of WMO 
during its forty-sixth session, held in June 1994, expressed the view that WHYCOS 
was potentially of great importance to water resources assessment on the global, 
regional and national scales and that WHYCOS should be given more prominence in 
the long-term plan of WMO. More recently, the eleventh session (Paris, 30 January - 
4 February 1995) of the Intergovernmental Council of the International Hydrological 

Programme of UNESCO adopted a resolution with WMO, for the planning and 
implementation of WHYCOS. 

The Twelfth Congress of WMO (30 May - 21 June 1995) in resolution 20 (Cg-
XII) notably encourages members "to facilitate the establishment of WHYCOS through 
the implementation of national, subregional and regional components of the system." 

Furthermore, WHYCOS is one of the responses of WMO to the United Nations 
Commission on Sustainable Development (CSD), which during its second session (May 
1994) urged "UNEP, FAO, UNIDO, WHO, WMO and UNESCO, in collaboration with 
UNDP, the World Bank and other relevant bodies, to strengthen their efforts towards 
a comprehensive assessment of freshwater resources, with the aim of identifying the 
availability of such resources, making projections of future needs and identifying 
problems to be considered by the 1997 Special Session of the General Assembly". 

D. MED-HYCOS: A REGIONAL COMPONENT OF WHYCOS 

The implementation phase of the Mediterranean Hydrological Cycle Observing 
System (MED-HYCOS) started when, upon the invitation of the District and City of 
Montpelier (France), representatives of 20 countries in the Mediterranean Basin as well 
as representatives of FAQ and UNEP and of non-governmental organizations attended 
a scientific and technical meeting jointly organized by the World Meteorological 
Organization and the World Bank (Montpelier, 17 to 19 May 1995). 

The meeting agreed that MED-HYCOS would be a regional system composed 
of three fully integrated subsystems respectively for data acquisition; data storage, 
retrieval and processing; and data and information exchange and dissemination. The 
objectives of the system have been prioritized by the meeting as follows: 

To modernize hydrometeorological monitoring region-wide and promote 
exchange between Hydrological Services; 

To achieve a better understanding of regional hydrometeorological 
phenomena and environmental trends; 
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(c) 	To encourage free exchange of quantitative and qualitative hydrological 
data as well as environmental data. 

The meeting also agreed that such a system would help to improve water 
resources assessment and management in the countries of the Mediterranean Basin, 
besides strengthening the collaboration and cooperation between hydrologists and 
between the national services in charge of hydrology and water resources throughout 
the Basin. Participants also emphasized that MED-HYCOS should contribute to the 
knowledge of hydrological processes, in particular their interaction with the climate 
and environment, and should play a role in the monitoring and the abatement of 
pollution in the Mediterranean Sea. Therefore, they agreed to a request of 
representatives from the Black Sea countries to extend the system to the Black Sea 
Basin, which is heavily polluted and has a hydrological connection with the 
Mediterranean Sea. 

Data acquisition would be made through a network of 150 standardized DCPs, 
installed at key stations equipped with automatic sensors for the measurement of some 
16 variables related to water quantity and quality and climate, transmitted in real time 
through the METEOSAT Data Collection System (DCS). 

After a detailed review of a concept paper, prepared by WMO on the basis of 
a questionnaire which was circulated to all countries and to various international, 
regional and non-governmental organizations during the second half of 1994, the 
participants adopted the draft detailed implementation plan and work plan proposed by 
WMO, as the Executing Agency for the project. 

The participants decided that a Pilot Regional Centre (PRC) should be created 
to implement the different activities related to the project, notably the preparation of 
the technical specifications for the equipment, the development of data management 
and processing software for the raw data, the development of a regional database and 
the organization of training courses. These tasks will be undertaken under the 
supervision of a Regional Cooperative Group (RCG) comprised of the representatives 
of the participating countries, regional organizations concerned, funding agencies and 
donors, as well as the World Bank and WMO. An initial coordinating team with 
representatives from Bulgaria, France, Italy, Malta, Romania, Spain and Tunisia and 
representatives of WMO and regional non-governmental organizations has been created 
to support the PRC. 

The meeting accepted the offer made by the French Scientific Research Institute 
for Development in Cooperation (ORSTOM) to host the PRC, which will serve as a 
focal point of a dynamic network grouping the MED-HYCOS project partners. 

Thanks to the World Bank, which has made available to WMO US$ 500,000 as 
the first part of a total grant of US$ 1,700,000, the installation of the first 20 DCPs is 
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expected to be completed by the end of this year or in the beginning of next year. 
Spain, Italy and Malta have already expressed their willingness to support the project, 
and additional funds will be sought from international sponsors, such as the European 
Union. At the same time as the first DCPs are going to be installed and people trained 
in the use of the new equipment, an Internet-type communication network will be 
completed to link all the participating bodies to each other and to the PRC. The first 
products of the system are expected to be available by the second half of 1996. 

E. CONCLUSIONS 

Sustainable development and meaningful environmental protection are both 
dependent on effective water resources management, which in turn is dependent on 
data, particularly reliable hydrological data. Currently such data are not readily 
available globally, regionally and even nationally for a number of nations. 

WHYCOS is intended as a key element in the strategy of the international 
community for combating the approaching water crisis through capacity-building and 
access to an information highway. WHYCOS provides the key element of an effective 
strategy for combating the water crisis through a two-pronged fully integrated 
approach: a global conceptual basis providing a framework and general guidance which 
would be developed interactively and concurrently with the implementation of national, 
subregional, regional and basin-wide operational components (HYCOSs), such as the 
above-mentioned MED-HYCOS or SADC-HYCOS, currently under development by 
WMO with the 11 countries of the Southern Africa Development Community (SADC), 
with the support of the European Union. 

As stated by the WHYCOS Concept Panel meeting convened by WMO (6-8 
February 1995, Geneva), WHYCOS should be flexible and adaptable enough to take 
into account the different current situations and their possible evolution. Therefore, 
it might be considered as one of the possible tools for improved integrated water 
management in the ESCWA region. 
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XXIV. ISOTOPE METHODOLOGIES IN WATER RESOURCES AND 
EXAMPLES OF APPLICATIONS IN THE ESCWA REGION 

by 

Yuecel Yurtsever* 

Introduction 

Methodologies based on the use of isotopes in a wide spectrum of hydrological 
problems encountered in water resources assessment, development and management 
activities are already an established scientific discipline recognized as "Isotope 
Hydrology", and proven methods are presently employed as an integral part of water 
resources investigations, particularly in groundwater systems. Together with the 
techniques based on the employment of radioactive isotopes for water tracing purposes 
and the use of sealed radioactive sources for in-situ measurements related to water 
movement, they comprise the overall field of "Nuclear Techniques in Hydrology". 

During the last three decades, the International Atomic Energy Agency (IAEA) 
has been directly involved in efforts directed towards research and development of 
nuclear techniques in water sciences, their actual field applications, and acted as an 
international scale focal point for dissemination of information and promoting their 
wider scale use, within the framework of its activities related to peaceful nuclear 
applications. 

A. ROLE OF ISOTOPE APPLICATIONS IN WATER RESOURCES 

Potential role and contributions of isotope methods in water resources sector can 
be grouped into the following general categories: 

Determination of physical parameters related to flow, its dynamics and 
structure of the hydrological system; 

Delineation of processes involved in transport and circulation of water 
(process tracing); 

Study of origin (genesis) of water; 

Determination of mixing ratios of component flow (component tracing); 

Study of "time-scale" of events. 

* Section of Isotope Hydrology, Department of Research and Isotopes, International Atomic Energy 
Agency. 

451 



The use of naturally occurring isotopes, often referred to as "Environmental 
Isotope Methodologies", has the distinct advantage of facilitating study of water 
movement in much larger temporal and spatial scales than possible with intentionally 
injected tracers, which are often used for site-specific local-scale engineering and geo-
technical problems. The production and temporal/spatial variations of environmental 
isotopes in the hydrological cycle cannot be controlled by the investigator, and they 
are the result of different natural processes. However, hydrological inferences can be 
made on all of the above cited type of applications, through observations to be made 
of their concentration distributions in a given hydrological system. Therefore, 
environmental isotope methodologies are commonly employed in regional scale studies 
in water resources, and particularly in groundwater systems. This paper, therefore, is 
restricted to environmental isotope applications in groundwater systems. 

Environmental isotopes of potential use in hydrology are listed in tables I and 
2. The most commonly employed natural isotopes of oxygen and hydrogen have the 
advantage of being ideal tracers for water. The unique decay property of 
environmental radioactive isotopes (table 2) makes it possible to infer characteristic 
time parameters of water transport through a time scale of thousands of years. 

TABLE I. STABLE ISOTOPES IN WATER RESOURCES INVESTIGATIONS 

Isotope Potential application areas 

- Genesis of water 

Oxygen-18 (180) 
- Source of replenishment to groundwater 
and process tracing 

and - Component tracing—mixing proportion 
of different components of flows; 
hydraulic interconnections 

Deuterium (2H) - 	Paleohydrological indicators 

- 	Geothermal activity 

Carbon-13 (' 3 C) - Origin of carbon compounds 

- Correction for C-14 age-dating 

Sulphur-34 (34S) - Natural tracer for sulphates in water 

- 	 Identification of source of pollution 

Nitrogen-15 (15N) - 	Origin of nitrates 

- 	 Identification of sources of pollution 
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TABLE 2. ENVIRONMENTAL RADIOACTIVE ISOTOPES IN WATER 
RESOURCES INVESTIGATIONS 

Half-life Source Limitations at the 
Isotope (years) (origin) present 

10.8 Nuclear reactors Sampling, counting 

12.43 Cosmic rays 
Thermonuclear 
Nuclear reactors 

32Si 100 Cosmic rays Initial activity 
Thermonuclear Sample size 
Crustal (?) Counting time 

39Ar 269 Cosmic rays Sample size 
Crustal Counting time 

5 730 Cosmic rays Complex geochemistry 
Thermonuclear Isotope exchange 
Crustal processes 

210 000 Cosmic rays Analytical 

234U 250 000 Decay china Initial activity 
Interactions 

3 C1 306 000 Cosmic rays Initial activity (?) 
Nuclear tests Sources and in situ 
Crustal (?) production (?) 

Need for AMS 

Specific types of information that can be obtained from applications of natural 
isotopes in groundwater resources assessment, development and management are: 

System boundaries; 

Hydraulic discontinuities and stratification; 

Hydraulic interconnections; 

Origin (genesis) of water; 

Process and rate of replenishment of groundwater; 

Source and process of salinization; 
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Mixing proportions of component flows originating from different sources; 

Travel times involved in groundwater flow, and distribution of travel 
times, covering a time scale of up to 40,000 years (age-dating of groundwater); 

Dynamics of geothermal waters; 

Parameters related to mass transport characteristics, most relevant to 
pollutant transport mechanisms and required for water pollution management. 

A substantial amount of background data and experience has been acquired in 
the applications of environmental isotopes in hydrological sciences so as to understand 
the cause/effect relationships of their occurrence and distribution, and to develop sound 
evaluation methodologies [1,2]. Characteristic features of the isotope-input into the 
hydrological cycle have mainly been derived from systematic data collected from 
monitoring undertaken by the IAEA on the isotope content of precipitation from a 
global scale network of precipitation stations. The location of stations included in this 
network that have a reasonably long record is shown in figure 1. 

The most commonly used stable isotopes of 0-18 and H-2 (Deuterium) show 
temporal and spatial variations due to isotopic fractionation occurring during phase 
changes, i.e. evaporation and condensation, which is mainly a temperature dependent 
phenomenon. The isotopic change thus induced is a conservative property of the water 
during its transport, and it is a fingerprint of the history of the processes involved in 
its formation and circulation. Characteristic relationships of these table isotopes for 
different hydrological processes are shown in figure 2, which provides the basis for the 
above applications. An example of isotopic content of precipitation in the ESCWA 
region is given in figure 3, where the long-term mean monthly isotopic content of rain 
in three selected stations is shown on a 0-18 versus H-2 plot. 

Among the environmental radioactive isotopes, H-3 (Tritium), with a half-life 
of 12.43 years; and C-14, with a half-life of 5,730 years, are the most frequently 
employed isotopic species for study of water movement in "Time" domain, and also 
providing dating method for determination of the age of groundwater. The long-term 
variations of tritium concentration of precipitation as a basis for defining the tritium 
input into the hydrological systems are shown in figure 4, for selected long-term 
stations in the IAEA network together with a few stations in the ESCWA region. 
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Figure 2. Characteristic Oxygen-18 vs. Deuterium relationships: 
(a) related to different processes; 

(b) related to hydrological applications 
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Isotope data collected within the framework of hydrogeological applications are 
effectively used for improved understanding of the processes involved in the 
occurrence and transport of water and for quantitative evaluation relevant to transport 
processes within the context of system identification. They are an integral part of 
hydrogeological investigations to be conducted in the assessment, development and 
management of groundwater resources, and the cost of undertaking isotope studies is 
a very small fraction of the overall costs involved. 

B. SUMMARY INFORMATION ON IAEA ACTIVITIES 

Development and application of nuclear techniques in hydrological and 
hydrogeological studies has been included within the scope of activities of the Agency 
since its inception. Thus, the Agency has been involved in providing support to 
research, development and application of nuclear techniques in water sciences during 
the last three decades. 

Activities of the IAEA in the water sector have the main objective of providing 
a forum for the dissemination of information on, and the assessment of the use of 
nuclear techniques in the overall domain of water resources, and promoting more 
widespread use of the proven techniques. In this regard, the main elements of the 
activities include: 

Implementation of technical cooperation projects in member countries; 

Support for theoretical and applied research; 

Organization of meetings and training courses; 

Collection of basic data needed; 

Distribution of isotopic standards and quality assurance of isotopic 
analyses through international intercomparisons; 

Publications. 

At present, a total of 70 technical cooperation projects are being implemented 
in member countries in the field of isotope hydrology, with a budgetary allocation of 
about US$ 2 million for the 1993-1994 biennium. The majority of these projects deal 
with the application of environmental isotope techniques in regional scale 
hydrogeological investigations, the ultimate aim being the transfer of the know-how 
through this applied work, and the provision of equipment, training and expert services, 
as required. 
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The IAEA is currently providing direct financial support to 65 research projects 
being carried out by national institutions in member countries. Within this programme 
component, coordinated research programmes on specific topics are also designed, 
supported and implemented, and six such coordinated research programmes are 
presently in progress. 

The meetings and training courses organized and publications issued by the 
IAEA provide a means for exchange and dissemination of information on an 
international scale. Some major publications are cited in this document 
[3,4,5,6,7,8,9,10,11,12], and a full list of IAEA publications in the field of isotope 
hydrology is separately provided to this conference. 

C. EXAMPLES OF RESULTS FROM ISTOPE APPLICATIONS 
IN THE ESCWA REGION 

A number of earlier isotope investigations have been conducted in the regional 
aquifer systems of the countries in the ESCWA region, the results of which have 
already been published. A regional technical cooperation project entitled "Isotope 
hydrology in the Middle East" (RER/8/002) in which eight countries have actively 
taken part (Islamic Republic of Iran, Jordan, Kuwait, Lebanon, Saudi Arabia, Syrian 
Arab Republic, Turkey and United Arab Emirates) was completed at the end of 1994. 
The project involved applied isotope field investigations in the selected aquifer systems 
of each country. The findings and results of these isotope studies will soon be 
published by the Agency in a technical document. A few examples of results from 
earlier reported studies and the regional project are briefly mentioned here, to illustrate 
the potential applications of isotope techniques in regional scale groundwater systems. 

A detailed survey of isotope concentrations of the groundwaters of Saudi Arabia 
is reported by Shampine et al. [13]. The survey has enabled mapping of variations of 
the stable isotopic content of major aquifer units in Saudi Arabia, as shown in figure 
5 [13]. The variations observed were interpreted in terms of delineating the 
replenishment areas of the aquifer units as well as depicting paleowaters in some 
aquifer systems using also extensive C-14 dating of groundwaters. Most of the 
regional aquifer units are paleowaters replenished during earlier pluvial periods, and 
substantial parts of the groundwaters have ages in the range of 10,000 to 30,000 years 
(see figure 6). Recent recharge of these aquifers under the present climatic conditions 
is minimal (if any), and extraction of water from them will most likely result in mining 
of the groundwater. 

In an earlier study conducted by the IAEA in Qatar, the origin and replenishment 
of groundwater in a shallow aquifer, and its hydraulic interconnection to a deeper 
confined aquifer system were investigated and the results published by Yurtsever and 
Payne [14]. The results of tritium monitoring of wells in the upper shallow limestone 
aquifer indicated areas where the groundwater was being effectively replenished by 
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direct rainfall (see figure 7). An average replenishment rate in the range of 7-24 
million cubic metres per annum (3-1 1 mm per year) was estimated for the northern 
part of the aquifer based on tritium results. The cause of salinity increase in the 
shallow groundwater of southern Qatar was delineated to be mainly due to upward 
leakage from the underlying confined aquifer of Umm er Radhuma and also partly due 
to sea-water intrusion. The stable isotope and hydrochemical data used for this 
purpose are shown in figures 8 and 9 respectively. 

Figure 5. Mean concentration of stable isotopes in selected 
aquifers of Saudi Arabia 

(Shampine et al. 1979) 
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Figure 6a. Frequency distribution of C-14 ages in major aquifers of 
Saudi Arabia (Shampine et at. 1979) 
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Figure 6b. Frequency distribution of the distance of C-14 sample 
locations from the outcrop areas 

(Shampine et at. 1979) 
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Figure 7. Sampled wells and isolines of equal tritium content for shallow 
groundwater in Qatar (Yurtsever et al. 1979) 

•A -26  

A!32 $\.A5 Al 

20 

-Jj 

/ / 	/ 	/ •tl 

10 
.-- •\ I 

826\!Y: 
S-le 

'l 	•8-34a 	\ DOHA 

Rdot 
Cr  Roth,t 

-.. .3 I 

8-29 	/ 	( 	
,/ 

\3\ 	 / Rainfaii 

'.1 

'I — 
C-li 	C-8 	 C-2 

Siawatet 	• 	• 	w 	• 
•Cl2 

•C-13 	 C•3  

Abu SomrQ 	 ec-m 	 / cL c8 	
"\ •c-u 	 I oi 	qoI 

/ 	\ 	. C-16 
a-- ... 	Conle,t 

SOIW 	 : 

Area of Rto 

S ' :well No 

462 



—(MOIIS  

4 

Ce 
a 

\\ Lo 
• <0 = 	c E 

0 ''' (..__ 
• 

0- 	• 
- 

• 

uj 
>-, 

oD 4 

\ 
io 

'\ -\-• 
\ 
\O\ 

•.\ \- 

ON 

\\\ 

ocp 	\ 

JU 
d0' 

rr'%] 



IMO,,S %) 
O9p 

I 
- 

o — ° 	r#) 

— 
•0.. 

MW 
QO.E 

o 

• 

U  

o 
+1 

0 

\ 
\ 
	

0 

0 
0 

0 
0 
0 

0 
0 

q 

z 
C == 

464 



Within the scope of the above ongoing regional technical cooperation project of 
the Agency in the Middle East, major karst springs (Figeh and Barrada springs) used 
for water supply of Damascus city were the subject of detailed isotope investigations, 
to study the origin of waters in the springs and to estimate the size of the groundwater 
reservoir associated with these springs [15]. The stable isotopic content of these 
springs is given in figure 10. Based on the altitude variations of the stable isotope 
content in the study area (figure 11), the main source and replenishment area of the 
springs were delineated to be from precipitation falling on the catchrnent area at 
elevations higher than 1,700 metres. The results of tritium measurements are used for 
estimating the mean turn-over time of the underground karstic reservoir feeding the 
springs, which is about 50 years (see figure 12). Based on this estimate, the 
underground reservoir associated with Figeh spring should have a volume of around 
3.9 billion cubic metres. 

Figure 10. Stable isotopic content of major karst spring in Damascus basin 
(Kattan 1991) 
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Figure 11. Oxygen-18 vs. altitude relation in Damascus Basin as a 
means of delineating source and area of 

recharge of springs (Kattan 1991) 
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Figure 12. Model calculated and observed tritium concentration at 
Figeh spring, as a basis for estimating 
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D. CONCLUSIONS 

Methodologies based on the environmental isotope applications in hydrology are 
well established and should be considered an integral part of hydrogeological 
investigations on water resources assessment, development and management. The basic 
input data required for applications of environmental isotopes in the ESCWA region 
are already available from network stations of the IAEA in the region, and more 
detailed similar data will be available in future from national networks recently 
initiated in some countries of the ESCWA region (Jordan, Saudi Arabia, Syrian Arab 
Republic and United Arab Emirates) (figure 13). The analytical facilities necessary for 
undertaking isotope analyses of water samples are also available in the region, such as 
the Isotope Hydrology Laboratory of the Water Authority of Jordan, which is fully 
equipped to provide analyses for all of the commonly used isotopes (0-18, H-2, H-3, 
C-14 and C-13). 

Figure 13. Precipitation stations in the ESCWA region in which monitoring 
of isotope content is being carried out as basic data 
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The Agency's recently completed regional technical cooperation project, entitled 
"Isotope Hydrology in the Middle East", has provided transfer of the technology and 
know-how in the field of isotope applications in hydrology. At present there is a core 
of well-trained local staff in most of the countries in the ESCWA region, who are fully 
capable of planning, implementing and evaluating results of isotope field applications 
for future studies within their national programmes for water resources assessment, 
development and management. 

A new follow-up regional technical cooperation project in the ESCWA region, 
entitled "Isotope Hydrology Techniques in Water Resources Management" 
(RAW/8/002), is being implemented by the Agency. The project emphasizes the 
application of isotope methods to problems related to groundwater pollution, sea-water 
encroachment in coastal aquifer systems and detailed investigations in the unsaturated 
zone as a basis to estimate direct recharge to the aquifer systems. The results and 
findings will also be published by the Agency upon completion of the project. The 
locations of aquifer systems where isotope field investigations have been completed or 
are presently being conducted within the scope of the above IAEA regional projects 
are shown in figure 14. 

Isotope methodologies developed and verified during the last three decades of 
international efforts should be considered an integral part of exploratory 
hydrogeological investigations and they can substantially contribute to optimum and 
sustainable development and management of water resources. In this regard, they also 
have a potential role to play in achieving the objectives and mandates delineated in 
Agenda 21 as regards development and protection of freshwater resources in general 
and scarce water resources of the ESCWA region in particular. In addition to the 
activities being undertaken and projects being implemented by the IAEA in the field 
of isotope hydrology, it would be most desirable for isotope methodologies to be 
incorporated into overall national activities related to water resources and to projects 
being implemented by other international organizations and specialized agencies of the 
United Nations. 
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Figure 14. Study areas in the ESCWA region where isotope field 
investigations have been completed or are being 

conducted for groundwater studies 
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XXV. THE UNESCO RESPONSE TO AGENDA 21, WITH EMPHASIS ON 
FRESHWATER-RELATED ISSUES 

by 

Abdin M A. Salih* 

Introduction 

The main results of the United Nations Conference on Environment and 
Development (UNCED), which took place in Rio de Janeiro, Brazil, in June 1992, 
were the following: 

Rio Declaration; 
Agenda 21; 
Convention on Biological Diversity; 
Framework Convention on Climate Change; 
Statement of Forest Principles. 

Although the successful follow-up of these results depends first and foremost on 
national action, international cooperation is essential to support and supplements 
national efforts. Because of its broad mandate and long experience, uNESCO is 
involved in many aspects of UNCED follow-up, with particular emphasis on Agenda 
21 and the conventions on biological diversity and climate change. 

Even before the Rio Conference, most of the UNESCO programmes were 
coincidently already in support of UNCED objectives. Environment and development 
problems have been a major focus of the work of UNESCO for the past 40 years. 
Beginning with the Arid Zone Programme in 1951, numerous UNESCO programmes 
have been launched to address research, education, training and policy needs related 
to specific environment and development issues (e.g., water resources management and 
conservation of biological diversity) and ecological systems (e.g. islands, tropical 
forests, mountains and and lands). 

Since the Rio Conference, UNESCO has given "priority importance to activities 
concerned with the implementation of the relevant chapters of Agenda 21 and of other 
UNCED results, within the competence of the organization, both in the present 
biennium and in planning programmes for 1994-1995 and beyond" (Executive Board, 
141St session, Decision 7.2.1). UNESCO is addressing UNCED follow-up primarily 
by reorienting its existing programmes. 

* Regional Hydrologist, UNESCO/CAiRO. 
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A. Focus ON AGENDA 21 

Agenda 21 is widely adopted as the international programme of action for global 
sustainable development into the twenty-first century. It reflects a new political 
commitment to sustainable development at the highest level. However, it is a complex 
document with many chapters, divided into one or more programme areas, each of 
which contains a wide range of activities to be undertaken by Governments, 
international organizations, non-governmental organizations, and/or the private sector. 
Science, education and capacity-building activities are listed not only in the "cross-
cutting" chapters, but also in the "topical" chapters, such as those concerning biological 
diversity and oceans. 

In contributing to the implementation of Agenda 21, the primary goal of 
UNESCO "to combat poverty, create equitable social and economic conditions, address 
issues related to population dynamics and ensure a healthy environment and sustainable 
use of resources for the benefit of present and future generations," is considered. Due 
to its broad cross-cutting mandate, UNESCO contributes to a greater or lesser extent 
to almost all of the 40 chapters of Agenda 21 (see annex). 

In addressing these overriding concerns, however, priority has been given to 
seven areas where UNESCO is expected to be among the United Nations agencies 
making the most substantial contribution: 

Education, public awareness and training (chapters 25 and 36); 

Science (chapters 31 and 35); 

Capacity-building in developing countries and transfer of environmentally 
sound technology (chapters 34 and 37) 

Oceans, coastal areas and small islands (chapter 17); 

Biological diversity (chapter 15); 

Freshwater resources (chapter 18); 

Land ecosystems and resources, including combating desertification 
(chapters 10, 11, 12 and 13). 

Of particular importance are chapters 35 (science) and 36 (education, public 
awareness and training), for which UNESCO will play a lead role as "task leader" for 
facilitating coordination within the United Nations system. 
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UNESCO also contributes, to a lesser extent, to the implementation of other 
chapters, such as those on the atmosphere, hazardous waste management and 
biotechnology, as well as those dealing with the social and economic dimensions of 
environment and development issues, such as human health and human settlements. 

In this presentation, however, the author will concentrate only on issues directly 
related to UNCED freshwater recommendations, with emphasis on the UNESCO 
International Hydrological Programme (IHP) and its response to these 
recommendations. 

B. AGENDA 21 AND FRESHWATER RESOURCES 

Agenda 21 freshwater resources (chapter 18) 

The main components of chapter 18 are the following: 

Support the assessment of national water resources and the establishment 
of water management guidelines, taking into account the impact of human activities 
on the hydrological cycle; 

Study the impact of social transformations (e.g., population growth and 
urbanization) on water quality and quantity; 

Support hydrological observation programmes within the Global Terrestrial 
Observing System; 

Promote participation by developing countries in research and observation 
programmes related to the hydrological cycle by strengthening technical support, 
postgraduate training for specialists and a lectureship scheme,; 

Strengthen information for decision makers, education and public 
awareness programmes about freshwater issues. 

However, Agenda 21 has also addressed many issues directly related to 
freshwater resources within the following frameworks: 

Land ecosystems and resources (chapters 10, 11, 12 and 13); 
Oceans, coastal areas and small islands (chapter 17); 
Convention on Biological Diversity; 
Framework Convention on Climate Change. 

The great resemblance of these requirements to UNESCO environmental 
programmes, especially its freshwater programme, can easily by detected from the 
following brief review of the components of the international hydrological programme. 
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C. UNESCO INTERNATIONAL HYDROLOGICAL PROGRAMME 

1. Goals and objectives 

UNESCO international scientific cooperative programmes in water resources 
(IHP, and earlier IHD) were established because both the international scientific 
community and Governments have realized that water resources are often one of the 
primary limiting factors for sustainable socio-economic development in many regions 
and countries of the world, and therefore require an internationally coordinated 
programme for their rational management. Thus, the general objectives of the IHD, 
and later the IHP, were to improve the scientific and technological basis for the 
development of principal methods and techniques as well as to provide the human 
resources base necessary for the rational development and management of water 
resources. The pursuit of this objective has been fundamental to the search for 
solutions to basic problems related to, among others, lack of reliable water supplies and 
sanitation, shortage of food and fibre, inadequate supplies of electrical energy, 
pollution of surface water and groundwaters, erosion and sedimentation, floods, 
drought and navigation. 

Since the inception of the IHD in 1965, and later the IHP in 1975, great progress 
has been achieved regarding methodologies for water resources and management as 
well as in capacity-building in the water sector. Notwithstanding the achievements 
attained, the general objectives remain valid, but perhaps with some changes in 
emphasis. The main components of these changes include the current emphasis given 
to water resources management for sustainable development and the adaptation of 
hydrological sciences to cope with the anticipated climate change and the preservation 
of the environment. 

2. IHP structure and implementation 

The IHP is planned, executed, coordinated and monitored at global, regional, 
subregional and national levels. This is accomplished through National IHP 
Committees, the Intergovernmental Council (IC) of the IHP and its Bureau, 
committees, working groups, rapporteurs and regional hydrologists. IFIP programmes 
are generally executed in close cooperation and harmony with related UNESCO 
environmental programmes (MAB, IGCP, IOC), other United Nations specialized 
organizations (WMO, FAO, WHO, UNEP, IAEA, ESCWA), regional organizations 
(such as ACSAD and ALECSO) non-governmental scientific organizations (IAHS, 
IAH, IAHR, IWRA) and research and academic circles. It remains to be mentioned 
that the finances of the IHP projects are provided through both the regular UNESCO 
budget, the concerned country's own resources, and extrabudgetary sources obtained 
from various funding bodies and agencies (such as UNDP, World Bank, and UNEP). 
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3. Relevance to Agenda 21 requirements 

Noting the above objectives and implementation method, all of the previous IHP 
cycles (I, II, III, IV and IHD) were very successful in achieving appreciable progress 
in almost all of chapter 18 requirements. 

IHP-IV (1990-1995), in particular, dealt with the general theme "Hydrology and 
Water Resources for Sustainable Development in a Changing Environment," which is 
well within the requirements of chapter 18 and related chapters of Agenda 21. It 
addressed that theme through three main subprogrammes, namely: 

Hydrological research in a changing environment; 
Management of water resources for sustainable development; 
Education, training, and the transfer of knowledge and information. 

In response to a clear directive from the UNESCO Executive Board, all of the 
projects implemented within the biennium 1994-1995 have given great consideration 
to Agenda 21 requirements. Such considerations have greatly influenced the shaping 
of the IHP-V (1996-2001) programme. More details on this programme will be 
presented in the following section. 

D. THE PROPOSED IHP-V: HYDROLOGY AND WATER RESOURCES DEVELOPMENT: 
A VULNERABLE ENVIRONMENT (1996-2001) 

1. Point of departure from previous IHPs 

During the preparations for the United Nations Conference on Environment and 
Development, a number of international meetings, which were either directly or 
indirectly related to hydrological water resources, were held in many parts of the 
world. The International Conference on Water and Environment (ICWE), held in 
Dublin from 26 to 31 January 1992, provided the major input on freshwater problems, 
calling attention to the serious problems of optimizing the use of freshwater resources 
in the years ahead. Its statement, principles and recommendations have been accepted 
worldwide as the main agenda on water issues. 

Freshwater issues also came up at the International Conference on an "Agenda 
of Science for Environment and Development into the 21 St Century (ASCEND)", 
which was convened by ICSU in Vienna in November 1991 in order to make a 
contribution to the formulation of the future directions of world science as well as to 
the preparation of UNCED. The water scarcity was pinpointed as among the major 
problems that affect the environment and hinder sustainable development, and are of 
the highest scientific priority. 
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The recommendations of the above-mentioned major international conferences, 
together with the chapter on freshwater in Agenda 21, formed the basis for preparing 
the documents of IHP-V. The concept paper of this document points out that if future 
water resources development and management schemes are to be sustainable, they will 
have to deal effectively with the following four major issues: 

Environmental and social consequences; 
Land-water linkage; 
Allocation of water among competing uses and users; 
Achieving effective implementation. 

2. Framework and general outline of IHP-V 

In general, IHP-V plans to stimulate a stronger interrelation between scientific 
research, application and education. The emphasis should be on environmentally sound 
integrated water resources planning and management supported by scientifically proven 
methodologies. 

Within these major issues eight themes, given below, have been identified as a 
support structure for the whole programme. They cut across different hydrological 
scales and different climatic regions, but have integrated water management in a 
vulnerable environment as a common issue. The proposed themes are seen as 
cornerstones within which projects could be flexibly implemented. Owing to the 
special importance of water problems in the humid tropics and the arid/semi-arid zones, 
as well as in urban areas, these regions should gain increased attention. The eight 
proposed themes are: 

Global hydrological and biochemical processes; 

Ecohydrological processes in the surficial zone; 

Groundwater resources at risk; 

4. 	Strategies for water resources management in emergency and conflicting 
situations; 

Integrated water resources management in and and semi-arid zones; 

Humid tropics hydrology and water management; 

Integrated urban water management; 

Transfer of Knowledge, Information and Technology (KIT). 
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To avoid a purely hierarchical structure of the IHP-V programme, any theme 
should emphasize both methodological aspects as well as a process for knowledge 
transfer. All must include interactions in the biotic and abiotic environments as well 
as in decision-making. This may call for a different organization of the programme. 

The products should be considered as the outcome of the worldwide efforts of 
member States and regional and international organizations. UNESCO, while 
conducting a large number of activities itself, will coordinate all IHP-related activities 
through the Intergovernmental Council of IHP regardless of the method of 
implementation. 

E. IHP IN THE ARAB REGION 

Many reports and regional meetings have, more or less, agreed on the followings 
as priority areas in the Arab region: 

Integrated sustainable water resources management under and and semi-
arid conditions (with special emphasis on resource assessment, demand management, 
augmentation of supply, conservation, quality deterioration, environmental assessment, 
conflict resolution and management, legislation and regulatory frameworks); 

Capacity-building and institutional development; 

Database and information systems; 

Public awareness and participation; 

Research and development. 

These areas have also been identified, and actions for solving them have been 
recommended by many international meetings and programmes, including the Mar Del 
Plata Action Plan (1977), the Delft Declaration (1991), the Dublin statement (1992) 
and in Agenda 21 of UNCED (1992) as well as in many other regional and national 
inputs. These topics have also been dealt with, in one way or another, in all of the 
II-IID/IHP programmes of UNESCO since 1965 and are currently being considered in 
its forthcoming medium-term HiP-V plans (1996-2001). 

Unfortunately, little or no progress at all has been achieved, in most Arab 
countries, in these areas, which are vital for coping with the indigenous water scarcity 
in a sustainable manner. To achieve a positive impact in these areas, genuine regional 
programmes and action plans are urgently needed through a well-coordinated project 
where national, regional and international professionals and financial resources are well 
tapped and efficiently utilized. The theme suggested in the forthcoming UNESCO- 
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IHP-V could provide an excellent framework for dealing with almost all of these 
problems if such a regional set-up is implemented. 

1. UNESCO/ROSTAS activities in hydrology 

ROSTAS programmes in hydrology are closely coordinated with IHP themes and 
implementation strategies. Hence, many benefits have been gained from the UNESCO 
IHP training programmes and publications for the last 30 years. The current activities 
for the biennium 1994-1995 have been planned and implemented through the following 
levels of involvement: 

Regular programme activities; 
Priority areas pursued through extrabudgetary sources; 
Participation projects; 
Participation in regional activities organized by other organizations. 

Regular programne activities 

Activities in this category are divided into two types: theme(s) selected for 
highly concentrated ROSTAS efforts and routine regular activities. The themes 
currently selected for concentrated effort include "Groundwater Protection" and 
"Rainfall Water Management", while the regular activities include support of regional 
training courses, strengthening national IHP committees, regional meetings of IHP 
committees, and special thematic sessions in international conferences. Two active 
working groups have been established in the areas of concentration, and two state-of-
the art reports have been published together with a package of identified priority topics 
that have been consolidated in project documents prepared for extrabudgetary funding 
sources. 

ROSTAS involvement in IHP-V will cover almost seven of the eight themes 
(except for humid tropics) but owing to budgetary limits it may concentrate on three 
or four thenies from its regular budget. It is hoped that the other areas, which are very 
important to the Arab region, can be tackled through other forms of funding. 

Priority areas pursued through extrabudgetary sources 

ROSTAS identified many priority themes of a regional nature that cannot be 
financed from the ROSTAS modest regular budget. It has prepared outlines, 
preliminary concept papers or project documents for some of these themes and is 
actively seeking financial support from funding agencies. Its current individual and 
joint efforts in this direction include: 
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A water resources assessment project including the updating and 
restructuring of the document "Water Resources Assessment in the Arab Region", 
jointly with ACSAD and possibly ESCWA; 

A comprehensive project on "Groundwater protection"; 

A comprehensive project on "Rainwater management", jointly with 
ACSAD; 

Support for translation of important IHP publications into Arabic; 

Development of hydrological softwares using multimedia techniques 
(including CD-ROMS), jointly with ACSAD; 

Training and capacity-building activity in the water sector, jointly with 
ACSAD; 

Sustainable development and management of resources. 

IJNESCO/ROSTAS welcomes cooperation with any regional or international 
organization in any or all of these activities. 

Participation projects 

These are projects outside the regular work plan, financed by UNESCO as a 
result of direct requests from the countries of the Arab region. It is unfortunate that, 
up to now, very few countries of the region have made significant use of this facility 
in the area of water resources. A special effort is being made to establish active 
national IMP Committees to make a better use of this facility, perhaps through a 
coordinated regional project. 

Cooperation with other organizations 

ROSTAS is responding, whenever possible, positively to requests for cooperation 
and participation in regional activities organized by other regional and international 
water agencies. It believes that there is a need for closer interagency cooperation in 
planning and implementing joint priority programmes, perhaps through a joint regional 
project. 

F. THE INTERDISCIPLINARY CHALLENGE 

The diversity of UNESCO programmes in environment and sustainable 
development provides an important opportunity to promote UNCED interdisciplinary 
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and intersectoral approaches and activities. At the same time, the establishment of a 
Bureau for the Coordination of Environmental Programmes will ensure a coherent 
overall policy and foster inter-programme and inter-agency cooperation. Four 
intersectoral initiatives have already been launched to chart new directions across 
established programme lines. A committee of outside experts has been appointed by 
the Director-General to stimulate these initiatives. 

In line with that approach, ROSTAS has formed a team of competent researchers 
and professionals to develop and promote a workable model for an environmentally 
sound sustainable development concept. The Oasis of Al-Kharga, in southern Egypt, 
was selected as a pilot site for this exercise, as it has been preserved from external 
negative development influences and considered so far, by many, as a place with little 
or no effects of man-made pollution. For this exercise to proceed as an intersectoral 
and interdisciplinary work, technical and financial resources from many UNESCO 
environmental programmes (MAB, IHP, SCIENV, IGCP and EPD) as well as relevant 
national (universities and research institutes) and international (UNICEF and CEDARE) 
institutes and programmes have been sought and rationally integrated and utilized. The 
social as well as the community participation dimensions have been given great 
importance in this approach. 

The work of the team has been physically linked and integrated with the work 
of Wadi Allaqi's MAB research team, which tackles sustainable development using the 
UNESCO/MAB approach and takes Wadi Allaqi Biosphere Reserve, which includes 
Lake Nasser in southern Egypt, as a model site. More pilot schemes in several 
selected Arab countries are planned to be established as part of the ROSTAS/ECO 
programme for the medium-term plan (1996-200 1). The results of these integrated 
schemes will be widely disseminated to relevant recipients in the Arab world as 
possible applicable models of sustainable development and then compiled and prepared 
as education and training packages, which will be regularly evaluated, improved and 
presented to selected priority target groups in the Arab region. 

G. CONCLUDING REMARKS 

Though chapter 18 is considered the freshwater resources avenue of 
Agenda 21, it is very clear that many aspects related to water resources are considered 
in other chapters, especially chapters 10, 11, 12, 13 and 17 as well as the related 
Conventions on Climate Change and Biodiversity; 

The UNESCO programme on water resources (IHD/IHP) and its related 
other environmental programmes (bC, MAB and EPD) meet many of the 
requirements of Agenda 21 in water resources. Its forthcoming IHP-V programme, in 
particular, represents a good framework for building up a regional project to achieve 
many Agenda 21 objectives in the Arab region; 
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The most outstanding water resources priority areas in the region have 
been identified and ROSTAS current and future involvements contributing to these 
areas have been outlined. The necessity for regional cooperation has been stressed, if 
an effective impact is to be achieved; 

The interdisciplinary challenge is an important dimension of Agenda 21. 
UNESCO and ROSTAS efforts in that direction have been indicated. 
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Annex 

UNESCO AND AGENDA 21 

SOCIAL AND ECONOMIC DIMENSION 

Chapter 
Preamble 

International cooperation to accelerate sustainable development in 
developing countries (international trade issues). 

=3. COMBATING POVERTY 

4. Changing consumption patterns 

=>5. DEMOGRAPHIC DYNAMICS AND SUSTAINABILITY 

Protecting and promoting human health 

Sustainable human settlement development 

Integrating environment and development in decision-making 

CONSERVATION AND MANAGEMENT OF RESOURCES 
FOR DEVELOPMENT 

Protection of the atmosphere 

	

=10. 	INTEGRATED ...PLANNING AND MANAGEMENT OF LAND 
RESOURCES 

	

=>1 1. 	COMBATING DEFORESTATION 

COMBATING DESERTIFICATION AND DROUGHT 

SUSTAINABLE MOUNTAIN DEVELOPMENT 

	

14. 	Promoting sustainable agriculture 

	

=15. 	CONSERVATION OF BIOLOGICAL DIVERSITY 

	

16. 	Environmentally sound management of biotechnology 
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=I7. 	OCEANS ... COASTAL AREAS AND SMALL ISLANDS 

	

=18. 	PROTECTION OF THE QUALITY AND SUPPLY OF 
FRESHWATER RESOURCES 

Environmentally sound management of toxic chemicals 

Environmentally sound management of hazardous wastes 

Environmentally sound management of solid wastes and sewage-
related issues 

Safe and environmentally sound management of radioactive wastes 

STRENGTHENING THE ROLE OF MAJOR GROUPS 

Preamble 

WOMEN 

CHILDREN AND YOUTH 

Indigenous people 

Non-governmental organizations 

Local authorities' initiatives 

Workers and their trade unions 

Business and industry 

	

=3 I. 	SCIENTIFIC AND TECHNOLOGICAL COMMUNITY 

Farmers 

MEANS OF IMPLEMENTATION 

Financial Resources and Mechanisms 

	

=34. 	TRANSF EROF ENVIRONMENTALLY SOUND TECHNOLOGY 

35* 	SCIENCE FOR SUSTAINABLE DEVELOPMENT 
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=36.* 	PROMOTING EDUCATION, PUBLIC AWARENESS AND 
TRAINING 

	

=37. 	CAPACITY-BUILDING IN DEVELOPING COUNTRIES 

International institutional arrangements 

International legal instruments and mechanisms 

Information for decision-making 

Note: Due to its broad, cross-cutting mandate, UNESCO contributes to a greater or 
lesser extent to almost ALL of the 40 chapters of Agenda 21. 

= AREA WHERE UNESCO HAS PARTICULARLY SUBSTANTIAL 
PROGRAMMES AND THUS PLAYS A PROMINENT ROLE AMONG 
UNITED NATIONS AGENCIES FOR THE IMPLEMENTATION OF 
THE CHAPTER. 

(*) UNESCO serves as "task leader" within the United Nations system for 
implementation of the chapter. 
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XXVI. MANPOWER TRAINING IN THE FIELD OF 
WATERJWASTE WATER 

A. ESTABLISHMENT OF CEHA 

CEI-IA is the Regional Centre for Environmental Health Activities. It has 
become operational in 1985 after the agreement reached between the Government of 
Jordan and WHO for the hosting of the Centre in Amman. The Centre is part of the 
Environmental Health Division of the Eastern Mediterranean Regional Office (EMRO) 
of WHO in Alexandria, Egypt. The Centre offers services to 22 member States of the 
region, in addition to what is provided by the regional office in the field of 
environmental health. 

Promotion of environmental health is a major area of WHO activities. WHO has 
long recognized that a healthy environment is a prerequisite for the health of 
individuals and for quality of life. 

B. MANDATE OF CEHA 

The main mandate of CEI-IA is to promote environmental health. In order to 
fulfil its mandate, CEHA is aiming to achieve the following: 

I. 	Support the development and strengthening of national institutional 
capabilities and programmes; 

Provide a flow of information to and between member States; 

Promote health awareness in relation to development and environment in 
the region; 

Strengthen the scientific and technical basis of environmental health work 
in the region. 

C. WHO/CEHA ENVIRONMENTAL HEALTH TECHNICAL AREAS 

The Centre's activities constitute a component of the regional programme and 
are developed in close coordination and cooperation with both the regional office and 
WHO environmental health interventions at the country level. 

The programmes include the following technical areas for the promotion of 
environmental health: 

Community Water Supply and Sanitation (CWS); 
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2. 	Control of Environmental Health Hazards (CEHA); 

Food Safety (FOS); 

	

4. 	Chemical Safety (PCS); 

Environmental Health in Rural and Urban Development and Housing 
(RUD); 

Environmental Health in Refugee Camps (RCE). 

D. CEHA ACTIVITIES 

In achieving its objectives, CEHA basically carries out the following activities: 

Training/human resources development (HRD). 
Information exchange (CEI-IANET). 
Special studies/applied research. 
Technical cooperation. 

Another most important task of CEHA is to follow up on the recommendations 
produced during regional consultation meetings, plans of action proposed in the short 
term, and mission reports of consultants and/or WHO staff. 

E. MANPOWER TRAINING 

The shortage of trained professionals/technical personnel is a major handicap to 
progress in the field of environmental health in the region. Training/HRD activities 
of CEHA are aimed at filling this gap so that there will be better changes for the 
fulfilment of the essential goal of WHO, which is "HEALTH FOR ALL BY THE 
YEAR 2000". During the first six years (1985-1990) of CEHA, its training activities 
were mostly concentrated on Community Water Supply and Sanitation to meet the 
challenges of the International Drinking Water Supply and Sanitation Decade (1980-
1990). 

WHO has always been concemed with the quality of drinking water and the 
treating of effluent for reuse, given the impact of these issues on human health. 
Within this framework of interest, CEI-IA initiated a campaign to introduce and 
promote the 1984 Drinking-Water Quality Guidelines, offering to hold national 
seminars for its member States, so that national authorities could use the Guidelines 
in formulating their drinking water standards. About 15 countries accepted this offer 
and held national seminars. Now CEHA is preparing another campaign for introducing 
and promoting the 1993 Guidelines for Drinking-Water Quality. 
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In 1991, CEHA launched a similar campaign of national seminars on 
"Wastewater Effluent Reuse" to introduce and promote the 1989 Health Guidelines for 
the Use of Wastewater in Agriculture and Aquaculture, covering 14 member States 
within three years. 

F. MODES OF TRAINING 

Training activities of CEHA offered to member States may be in the following 
modes: training courses; workshops; seminars; conferences; and consultation meetings. 
The training activities of CEHA may either be at a national level, to be held in 
member States, or may be at a regional (inter-country) level, usually at CEI-JA. 

G. CRITERIA FOR IDENTIFICATION OF SUBJECTS FOR TRAINING 

The following are the channels through which CEHA training activities are 
identified: 

1. National level 

Officials of the country's environmental health institutions may request 
training in any field of environmental health; 

Subjects for national training may be identified by CEI-IA based on the 
recommendations produced during regional consultations; 

The current environmental health problems faced in the region were 
prioritized in the Regional Strategy for Health and Environment: one of the areas of 
highest priority may be the subject of a national training activity; 

The subject of national training may also be identified by CEHA from the 
recommendations of the mission reports of STCs and/or WHO staff visiting member 
States. 

2. Regional level 

Global and regional strategies for health and environment have identified 
some areas of high priority: one of these areas may be identified as the subject of a 
regional meeting; 

WHO/HQ or any other United Nations or regional organization may 
propose a regional meeting for co-organization; 
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(c) Any regional meeting which cannot be held in a current biennium may be 
rescheduled to the next biennium. 

H. CEHA TRAINING ACTIVITIES 

Figure I shows the number of national and regional meetings held during the 
present and the past bienniums. From figure I, it is clear that, for training activities, 
emphasis is shifting from the regional level to the national level. For the cost of one 
average regional level meeting, about four national level meetings can be held. For 
a regional meeting, one or a maximum of two participants are invited from member 
States, whereas 25-30 or more participants take part in the national training activities. 
It is the policy of CEI-IA to organize such an expensive regional meeting for the 
training of trainers only. Participants in regional meetings should function as trainers 
during the national training activities which will be organized in their countries. 

Figure I. Regional and national meetings 
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CEHA trained about 2,850 national staff during the first nine years (1985-1993) 
of the training programme through national and regional training activities. Most 
(90%) of this training was carried out through national level training activities, while 
only a small portion (10%) was carried out through regional activities. In the coming 
years, in every biennium, about 1,800 national staff are expected to be trained. CEHA, 
with its current resources, will be able to train about 9,000 national staff in different 
areas of environmental health by the year 2000. 

I. MANPOWER TRAINING IN WATER/WASTEWATER 

Table 1 shows the number of CEITIA training activities through the bienniums. 

TABLE 1. TRAINING ACTIVITIES OF CEHA 

Biennium 

National Regional  
Total 

training 
activities 

Training on 
water/waste- 

water Percentage 

Total 
training 
activities 

Training on 
water/waste- 

water Percentage 
1994-1995 57 14 24 11 3 27 

1992-1993 27 14 52 11 3 27 

1990-1991 14 10 71 13 5 38 

1988-1989 14 12 86 8 3 38 

1986-1987 13 11 85 4 3 75 

It can clearly be observed that CEI-IA training activities have diversified over the 
bienni urns. 
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XXVII. WORLD BANK ACTIVITIES IN THE ESCWA REGION 
RELATED TO AGENDA 21 

The World Bank participated actively in the preparation of Agenda 21. This 
included participation in the preparatory meetings in Deift and Dublin, where essential 
documents on which Agenda 21 is based were drafted. 

The World Bank also initiated work on a Water Management Policy Paper which 
was approved by the World Bank Board in 1993. The Policy Paper includes the 
principles of Agenda 21 and stresses the needs for a comprehensive approach to water 
development and management; improvement of institutional and regulatory 
frameworks; the use of incentives in the water sector; and the improvement of health 
and the environment. The Policy Paper sets out guidelines for World Bank operations 
in the water sector. It emphasizes that World Bank operations should assist borrowers 
in: 

Addressing key weaknesses in the water sector; 

Identifying priority policies, institutional reforms and needed investments; 

Providing technical assistance and funds for agreed priority activities. 

In case inadequate progress produces misuse of resources in the water sector, 
World Bank lending should be limited to water supply and sanitation for poor 
households and water conservation. 

Subsequently, the World Bank Vice President for the Middle East and North 
Africa issued a Strategy for Managing Water in the Middle East and North Africa. 
The Strategy Paper analyses the situation in the region and proposes water strategies 
at the national, sectoral and international levels, following the guidelines of the World 
Bank Policy Paper, with particular consideration of the situation in the region. 

In addition to the emphasis on an integrated approach to water management, the 
Strategy Paper stresses the need for interactive planning and a permanent institutional 
capacity for sound decision-making. The preparation of country water assessments is 
recommended as a useful step towards national water strategies. Water conservation 
is singled out as an essential element of all water strategies in the region. 

At the international level, riparian countries are strongly encouraged to 
participate in international resolution of water issues. The World Bank stands ready 
to provide technical, legal and intermediary support for such initiatives. 

Current World Bank activities in the region consist of lending to member 
countries, and technical assistance and support for several regional activities. The 
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regional activities supported by the World Bank include the Mediterranean 
Environmental Technical Assistance Programme (METAP) and the Mediterranean 
Hydrological Cycle Observation System (MEDI-IYCOS), which is executed by WMO. 
Other World Bank activities are studies of the Jordan River Basin to identify options 
for a long-term water development strategy, and a study of the Jordan Rift Valley. 

In view of the enormous and increasing financing needs, which have been 
estimated to range between US$ 70 billion and US$ 130 billion for the coming 10 
years in the Middle East and North Africa region, the World Bank is planning to 
increase its support for water development and management substantially. However, 
the countries themselves will undoubtedly have to mobilize more resources than in the 
past and change many aspects of their policies and strategies to manage the water 
sector satisfactorily in the interest of their peoples, their economies and the 
environment. 
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XXVIII. REGIONAL COOPERATION BETWEEN MASHREQ AND 
MAGHIREB IN THE FIELD OF CURRENT 

TECHNOLOGIES IN WATER RESOURCES 
MANAGEMENT 

by 

Kamel Mohammad Radaideh* 

Introduction 

The idea of the project stems from the earnest desire manifested by the 
participating countries to upgrade the capabilities of their water sectors in order to 
make them compatible with their respective needs and increasing socio-economic 
development and population pressures. All six countries (Algeria, Iraq, Morocco, 
Syrian Arab Republic and Tunisia) are faced with problems of water supply and usage. 
The scarcity and variability of their water resources cause problems that are 
compounded by the inefficient use of water, and that must be addressed by the 
respective national experts in this field. 

The substantial growth of water needs, the limited resources of the participating 
countries, and their climatic, geographic and socio-economic conditions all call for the 
introduction into these countries of ways and means to help their water sectors. Project 
RAB/80/0 11, which terminated in 1986, involved the three countries in the Maghreb 
region (Algeria, Morocco and Tunisia). This project addressed some of these 
countries' needs, but the efforts need to be sustained over time. 

Artificial recharge and reuse of wastewater, as well as control of erosion and 
sediment transport, are themes that constitute the main concern of those three countries. 
Much consideration has been given to training and exchange of experience. Competent 
experts in the above-mentioned fields of activity have been trained, and the Mashreq 
countries (Jordan, Iraq and Syrian Arab Republic) could benefit from their experience. 

Project UNDP-RAB/89/003 was initiated to exchange experience among the 
participating countries in the Arab world and certainly to enhance interregional 
cooperation among these countries and open new horizons of technical collaboration 
in the transfer and adaptation of appropriate technologies to the advantage of all 
participants. The project will provide new themes of intervention for the Maghreb 
countries that have completed the activities of UNDP project RAB/80/011, and will 
extrapolate certain themes dealt with in the Maghreb and adapt them to the Mashreq. 

* Regional Coordinator. 
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Brief description of project RAB/891003 

This is a regional capacity-building project in Water Resources Management 
through networking among six countries of the Maghreb and the Mashreq. The project 
will provide training for planners and technicians, establish a regional network, and 
develop current water resources management technologies. 

Participating countries: Algeria, Iraq, Jordan, Morocco, Syrian Arab Republic and 
Tunisia 

Duration of execution: 3 years; started 1993 

Executing agency: 	Government of Tunisia 

Financing: 	 UNDP IPF (indicative planning figure) $1,154,250 

Government inputs: 	In kind 

Major tasks of the project 

Promote the exchange between developing countries of their acquired 
knowledge and experience; 

Encourage and support integration and cooperation between the six 
countries; 

Build institutions through training and human resources development; 

Develop advanced technologies which the countries can apply within their 
own development programmes. 

Project strategy and institutional arrangements 

A preparatory phase was devoted to the prerequisite activities necessary for the 
project. The concept of regional and subregional cooperation was formulated. 

Given the complex logistics of the proposed project, two regional offices, one 
in Tunisia and the other in Amman, were established. A subregional coordinator was 
assigned to each office. The overall coordination of the project has been given to 
Tunisia as regional coordinator. 

The project activities will be implemented by national project teams. Each 
participating country will assign a National Coordinator vested with the powers of 
decision-making on matters related to the project. 



Monitoring of activities will be provided as required by UNDP, which will also 
participate in multi-partite reviews and regional or interregional coordination meetings. 

Organizational structure 

1. 	The regional network steering committee (NSC) will be composed of: 

National coordinators of six countries; 
Regional and subregional coordinators; 
Subregional coordinator (non-voting); 
Regional Coordinator. 

2. 	Subregional committee composed of: 

National coordinators of the subregion; 
Representative of UNDP; 
Subregional coordinator (non-voting); 
Regional Coordinator. 

3. 	Network organization 

Mashreg subregional network on water resources management 

Jordan, Iraq and Syrian Arab Republic 

Artificial recharge (Jordan-Syrian Arab Republic); 
Reuse of treated wastewater (Jordan); 
Control of erosion, eutrophication of reservoirs (Iraq); 
Water resources management models (all Mashreq countries). 

Maghreb subregional network on water resources management 

Algeria, Morocco and Tunisia 

Secondary network (subnetworks) 

Overexploitation of shallow aquifers; 
Management of water resources in Saharan regions; 
Control and protection of water quality. 

Newsletter: This will facilitate communication between the two subregions. It 
will be published four times a year. 
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Pilot project: Each country will execute a pilot project within the activity 
charged to each country. This pilot project will provide training to the national team 
to achieve the goals of the project and create local criteria for the respective activities 
that suit local conditions. Facilities and equipment necessary to implement the pilot 
projects were secured and mobilization took place. Data collection has been initiated, 
and after the data have been interpreted a final report will be issued at the end of the 
project. 

Training will be conducted through the following means: 

Study tours abroad or in the region; two were carried out (one to Italy and 
one to France); 

Seminars: one held and five planned in 1995, 1996; 

Workshops: two held, three planned in 1995 and four in 1996; 

Consultation with national and international experts. 
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Annex I 

LIST OF PARTICIPANTS* 

A. ESCWA MEMBERS 

Bahrain 

Mr. Abdullah Au 
Head of Planning 
Water Resources Directorate 
Ministty of Work and Agriculture 
P.O. Box 30490 
Manama 

Mr. Khalifa Ebrahim Al-Mansour 
Director of Water Distribution 
Ministry of Electricity and Water 
P.O. Box 2 
Manama 

Egypt 

Mr. Ahmed Mohamed Fahmy Abdallah 
Under-Secretary, Minister's Office 
Ministry of Public Works and 

Water Resources 
P.O. Box 982 
Cairo 

Ms. Amal Mostafa Mourad 
First-Secretary 
Department of Environment and 

Sustainable Development 
Ministry of Foreign Affairs 
Kornish Al-Ned 
Cairo 

Iraq 

Mr. Moaid Jawad Abdul Ghani Al-
Obaidi 
Director-General 
Planning and Follow-up Department 
Ministry of Irrigation 
Baghdad 

Jordan 

Mr. Boulos E. Kefaya 
Director, Water, Environment and 

Tourism Department 
Ministry of Planning 
P.O. Box 555 
Amman 11118 

Miss Nadia M.Kh. Al-Jawhari 
Environmental Officer 
Environment Section 
Water, Environment and Tourism 

Department 
Ministry of Planning 
Amman 

Mr. Moh'd Shahbaz 
Acting Director 
Jordanian Badia Research and 

Development Programme (JBRDP) 
P.O. Box 36 
Al-Jubieha 

* Issued as submitted. 
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Jordan (continued) 
	

Saudi Arabia 

Mr. Omar Abdalla Malkawi 
	

Dr. Abdullah Al-Fawaz 
Royal Jordanian Geographic Centre 	Director of Pollution Control 
P.O. Box 20214 
	

Meteorology and Environmental 
Amman 11118 
	

Protection Administration 
P.O. Box 14625 

Lebanon 	 Jeddah 21434 

Mr. Bassam Adib Jabir 	 Dr. Ali S. Al-Tokhais 
Director-General of Exploitation 	 Director-General of Water Resources 
Ministry of Hydraulic and 

	
Development Department 

Electric Resources 	 Ministry of Agriculture and Water 
Al-Kahraba' Building, Al-Nahr Str., 	P.O. Box 57616 

Mar Michael 
	

Riyadh 11584 
Beirut 

Syrian Arab Republic 
Palestine 

H.E. Mr. Fadhlalla Naser Al-Din 
Mr. Hisham Zarour 	 Deputy Minister of Environment 
Senior Hydrogeologist/Team Leader 	Ministry of Environment 
WRAP/N WA & UNDP 
	

P.O. Box 3773 
P.O. Box 51359 
	

Damascus 
Jerusalem 

Mr. Abdul Aziz Al-Masri 
Ms. Hiba M. Tahboub 
	

International Water Expert 
Senior Water Engineer 	 Ministry of Irrigation 
PECDAR 
	

Fardos Str. 
P.O. Box 54910 
	

Damascus 
Jerusalem 

United Arab Emirates 
Qatar 

Mr. Ahmad H. Abdel Malek 
Head of Water Research Department 
Ministry of Municipal Affairs 

and Agriculture 
P.O. Box 1967 
Doha 

Mr. Mohamed Saeed Abdullah 
Chief of Water and Dams Section 
Ministry of Agriculture and Fisheries 
P.O. Box 1509 
Dubai 



Yemen 

Mr. Abdul Karim Al-Fussail 
National Director of UNDP 

Sponsored ProjectiHWC 
P.O. Box 1764 
Sana'a 

Mr. Mohamed L. Al-Eryani 
Deputy Minister, Scientific Research 
P.O. Box 2610 
Sana' a 

B. REGIONAL ORGANIZATIONS 

League of Arab States (LAS) 

Ms. Nadra M. Dia Kebbe 
P.O. Box 11643 
Cairo 

Arab Organization for Agricultural 
Development (A OAD,) 

Mr. Abdel Hamid Al-Kayed 
Director of Regional Office 
P.O. Box 19082 

Amman 

Inter-Islamic Network on Water 
Resources (IINWR) 

Dr. Murad Bino 
Executive Director 
P.O. Box 925819 
Amman 

C. SPECIALIZED AGENCIES AND 
OTHER ORGANIZATIONS IN THE 

UNITED NATIONS SYSTEM 

International Atomic Energy Agency 
(IAEA) 

Mr. Yuecel Yurtsever 
Senior Officer 
Isotope Hydrology Section 
P.O. Box 100 
Wagramer Str. 5 
A-1400 Vienna, Austria 

Mr. Kamel Mohammad Radaideh 
Mashreq Regional Coordinator 
UNDP Coordinator 
P.O. Box 925175 
Amman 1110 

United Nations Environment 
Programme (UNEP) 

Mr. Habib N. E1-Habr 
Acting Deputy Director 
Senior Water Specialist 
UNEP/IETC 
1091 Oroshimo-Cho, Kusatsu City 
Shiga 525, Japan 

United Nations Educational, Scient/ic 
and Cultural Organization/Regional 
Office for Science and Technology in 
the Arab States (UNESCO/ROSTAS) 

Mr. Abdin M.A. Salih 
Regional Hydrologist 
8 A/Rahman Fahmy St., Garden City 
Cairo 
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World Meteorological Organization 
(WMO) 

Dr. Serge A. Pieyns 
Senior Scientific Officer 
Hydrology and Water Resources 

Department 
Geneva, Switzerland 

The World Bank 

Mr. Ulrich Kuffner 
Principal Water Resource Engineer 
Technical Department 
Division of Agriculture and 

Water Management 
1818 H Street, N.W. 
Washington, D.C. 20433 

World Health Organization/Regional 
Centre for Environmental Health 
Activities (WHO/CEHA) 

Dr. Adnan Gur 
Information Exchange and Training 

Adviser 
Centre for Environmental Health 

Activities 
P.O. Box 926967 
Amman 

D. OTHER AGENCIES 

Mr. F. Rainer Haut 
Head of BGR Section Near and Middle 
East 
Federal Institute for Geosciences 

and Natural Resources 
D-3-063 1 Hannover Stilleweg 2 
Federal Republic of Germany 

Prof. Dr. Mebus Geyh Geological 
Survey of Lower Saxony 30655 
Hannover, Stilleweg 2 Federal 

Republic of Germany 

Dr. Remy L. de Jong 
Adviser, Water Management 
GTZ-PAS 
P.O. Box 926238 
Amman 11110 

E. CONSULTANTS AND RESOURCE 
PERSONS 

Mr. Kamal Farid Saad 
Consulting Engineer 

Prof. Ain Shams University 
Institute for Environmental 

Studies and Research 
263 Al-Higaz Street, Masr Al-Jedeeda 
Cairo 

Prof. Dr. Ghanem S. Hassawy 
Prof. of Biology 
Al-Isra University 
Amman 

Dr. Hamid M.K. Al-Naimy 
Al Al-Bayt University 
Mafraq 

F. ESCWA SECRETARIAT 

Executive Secretary 

Special Adviser to the Executive 
Secretary 

Regional Adviser on Energy 

Chief 
Energy, Natural Resources and 

Environment Division 

Senior Economic Affairs Officer 
Natural Resources Section Regional 

Adviser on Environment 
Technical Adviser on Hydrology 

Regional Adviser on Water 

First Economic Affairs Officers 
Natural Resources Section/ENRED 
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Annex II 

LIST OF DOCUMENTS 

Title 

Aide-mémoire 

Information notice 

Provisional list of participants 

Provisional agenda 

Provisional programme of work 

Methodologies for water sector 
planning 

Assessment of water quality in the 
ESCWA region 

Groundwater quality control in the 
ESCWA region 

Development of water quality indices 
for sustainable development 

Symbol 

E/ESCWA/ENR11995/WG. 1/ll'W. 1 

E/ESCWA/ENR/1995/WG. 1/INF.2 

E/ESCWA/ENR11995/WG. 1/INF.3 

E/ESCWA/ENR11995/WG. i/L. 1/Rev. 1 

E/ESCWA/ENR11995/WG. 1/L.2 

E/ESCWA/ENR/1995/WG. 1/3 

E/ESCWAIENRII995/WG. 1/4 

E/ESCWA/ENR11995/WG. 1/5 

E/ESCWA/ENR/1995/WG. 1/6 

Regional cooperation between E/ESCWA/ENR/ 1 995/WG.1/7 
Mashreq and Maghreb in the field of 
current technologies in water 
resources management 

Application of isotope hydrology E/ESCWA/ENR/1995/WG.1/8 
techniques in the ESCWA region 

Implications of Agenda 21 for E/ESCWA/ENRII 995/WG. 1/9 
integrated water management in the 
ESCWA region 

Li 	ii 	J~ 	Jfl E/ESCWA/ENR/1995/WG.1/10 

Remote-sensing techniques for 	E/ESCWA/ENR/1995/WG. 1/11 
comparative studies of watersheds in 
selected basins in the ESCWA region 

Planning in an and environment 	E/ESCWA/ENR11995/WG. 1/12 
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Symbol 

E/ESCWA/ENR/ I 995/WG. 1/13 

Title 

The establishment of a regional water 
training network in the ESCWA 
region 

Water desalination in selected 
ESCWA countries: 
opportunities 

Water resources information system: 
WHYCOS a basic tool for integrated 
water management 

Isotope methodologies in water 
resources and 
examples of applications in the 
ESCWA region 

UNESCO's response to Agenda 21 
with emphasis on freshwater related 
issues 

Manpower training in the field of 
water/wastewater 

E/ESCWA/ENR/1 995/WG. I / 14 

E/ESCWA/ENRII 995/WG. 1/15 

E/ESCWA/ENR/ 1 995/WG. 1/16 

E/ESCWA/ENRII 995/WG. 1/17 

E/ESCWA/ENR11995/WG. 1/18 

World Bank activities in the ESCWA E/ESCWA/ENR11995/WG.1/19 
region related to Agenda 21 

Country papers 

	

lJ 	EIESCWA/ENRII995/WG.1/CP.1 

	

Ji 	JI 	JI 	iI E/ESCWA1ENR/1995/WG.1/CP.2 

Towards Agenda 21 - chapter 18 	E/ESCWAIENR/1995/WG. 1/CP.3 
Egyptian policy for implementation 

	

LJJI 	 JI iJ) E/ESCWAIENR/1995/WG.1/CP.4 

National report: United Arab Emirates E/ESCWAIENRI1995/WG. l/CP.5 
water resources 

The water sector in Yemen: status 
and outlook 

E/ESCWAIENRI1 995/WG. I /CP.6 
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Title 

Country paper: State of Bahrain 

Country paper: The Hashemite 
Kingdom of Jordan 

National report: Qatar water activities 

The formation of the Palestinian 
National Water Authority 

Symbol 

EIESCWAJENRII 995/WG. 1/CP.7 

E/ESCWAIENRI1995/WG. IICP.8 

E/ESCWA/ENR/1 9951WG. IICP.9 

E/ESCWA/ENR/ 1 995/WG. 1ICP. 10 
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Annex III 

AGENDA 

1. 	Opening session. 

2. 	Election of officers. 

3. 	Adoption of the agenda. 

4. 	Adoption of the programme of work. 

5. 	Presentation and discussion of the EGM documents: 

Implications of Agenda 21 for integrated water management in the 
ESCWA region; 

Methodologies for the preparation of water master plans; 

Approach for the establishment of a regional water training network in the 
ESCWA region; 

Assessment of water quality in the ESCWA region; 

Groundwater quality control in the ESCWA region; 

(0 	Development of water quality indices for sustainable development; 

Water desalination in selected ESCWA countries: opportunities and 
constraints; 

Application of isotope hydrology techniques in the ESCWA region; 

(I) 	Low-cost technique for wastewater treatment and reuse; 

(j) 	Remote-sensing techniques for comparative studies of watersheds in 
selected basins in the ESCWA region. 

6. 	Country papers reflecting the national experiences in implementing chapters of 
Agenda 21 relevant to integrated water resources management. 

7. 	Regional and international organizations' papers. 

8. 	Recommendations of the Expert Group Meeting. 

9. 	Adoption of the final report. 
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Annex IV 

PROGRAMME OF WORK 

Monday, 2 October 1995 

9 - 10 a.m. 	Registration 

10 - 11 a.m. 	Opening session (Agenda item 1) 
Opening speeches: 

His Excellency Mr. Salih Irsheidat, Minister of Water and 
Irrigation of Jordan 
The Executive Secretary of ESCWA 
The Representative of UNEP 

11- 11.30a.m. Break 

11.30 a.m. - noon Election of officers (Agenda item 2) 
Adoption of the agenda and other organizational matters (Agenda 
items 3 and 4) 
Presentation and discussion of the Meeting documents (Agenda 
Item 5) 

Noon 	12.30 p.m. (a) 	Implications of Agenda 21 for integrated water management 

12.30 - 1 p.m. (b) 	Methodologies for the preparation of water master plans 

- 1.30 p.m. (c) 	Approach for the establishment of a regional 	water 
training network 

1.30 - 2 p.m. (d) 	Assessment of water quality in the ESCWA region 

2 - 2.30 p.m. Break 

2.30 - 3 p.m. (e) 	Groundwater quality control in the ESCWA region 

3 - 3.30 p.m. (f) 	Development of water quality indices for sustainable 
development (Case Study) 

9 - 9.30 a.m. (g) 	Water 	desalination 	in 	selected 	ESCWA 	countries: 
opportunities and constraints 
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Tuesday, 3 October 1995 

9.30 - 10 a.m. 	(h) 	Application of isotope hydrology techniques in the 
ESCWA region 

10 - 10.30 a.m. 	Break 

10.30 - 11 a.m. 	(i) 	Low-cost technique for wastewater treatment and reuse 

11 - 11.30 a.m. 	(j) 	Remote-sensing techniques for comparative studies of 
watersheds in selected basins in the ESCWA region 

11.30 a.m. -2 p.m. Country papers reflecting the national experiences in 
implementing chapters of Agenda 21 relevant to integrated water 
management 

2 - 2.30 p.m. 	Break 

2.30 - 4.30 p.m. 	National papers presentation (continued) 

Wednesday, 4 October 1995 

9 - 10.30 a.m. 	National papers presentation (continued) 

10.30- 11a.m. 	Break 

11 a.m. -12.30 p.m. National papers presentation (continued) 

12.30 - 2 p.m. 	Regional and international organizations' papers 

2 - 2.30 p.m. 	Break 

2.30 - 4.30 p.m. 	Regional and international organizations' papers (continued) 

Thursday, 5 October 1995 

9 - 10.30 a.m. 	Panel discussion and recommendations of the Expert Group 
Meeting (Agenda item 8) 

10.30- 11 a.m. 	Break 

11 a.m. - 1 p.m. 	Tour visit to the Royal Jordanian Geographic Centre 

1 - 4 p.m. 	Adoption of the final report (Agenda item 9) 


