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INTRODUCTION

The Economic and Social Commission for Western Asia (ESCWA) is made up of thirteen member countries, namely: Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syrian Arab Republic, United Arab Emirates and Yemen.
The region covered by the ESCWA member countries is about 4.75 million square kilometers and 97.7 per cent of this area is desert. Water is a valuable resource and its development and management require considerable investment. Climatic conditions, availability of water resources, socio-economic conditions, national borders, conflict of interest and politics play an important role in hindering development in many countries of the ESCWA region. Water resources issues are probably more significant in this region than in any other part of the world. When present and projected water requirements for all purposes are compared with the available ground- and surface-water resources, serious questions arise concerning the long-term economic and environmental sustainability of existing water-resources development and water-use patterns. Under existing patterns of water use, it is unlikely that the expansion of irrigated agriculture can proceed without water-shortage problems. Additionally, increasing water scarcity in the region is likely to impose significant constraints upon meeting growing domestic and industrial demand. Some of the member States of ESCWA have met demand by securing water supplies through desalination of sea and brackish ground-water, as well as reclaimed waste water.

In the Arabian Peninsula subregion, surface-water resources are limited and rely on irregular, sporadic and un-predictable flood occurrences. Ground-water and non-conventional water resources (desalinated water and treated sewage effluent) are the major components of the water supply in the subregion. The main producing aquifers are composed of: Paleozoic sands; Mesozoic sands and carbonate rocks; and Tertiary carbonate rocks and Quaternary alluvium. Ground-water quality generally deteriorates as one moves from the mountain ranges towards the inland basins or sea coasts.
The limited water resources of the subregion have not been able to meet the increased water demands. This situation led concerned authorities, particularly in the Gulf States, to initiate the production of additional water resources to meet their water demand through the desalination of sea and brackish ground water.

In the Northern and North-east subregion which encompasses Jordan, Lebanon, the Syrian Arab Republic, Iraq and Egypt, surface-water resources predominate, though ground-water resources do occur and are well developed in some member countries. Surface-water resources in the subregion are appreciable and are represented by the following main rivers: Nile, Euphrates, Tigris and tributaries, Yarmouk, Orontes, Barada, Litani, Hasbani, Jordan, and others. Efforts to regulate flood waters and develop surface-water resources have been remarkable in the subregion, as represented by Al-Tabaka Dam in the Syrian Arab Republic, Qaroun Lake in Lebanon, and other projects in Egypt, Iraq and Jordan. Ground-water resources occur in Paleozoic sandstones, Jurassic-Cretaceous-Palaeogenic carbonate rock aquifers, Tertiary volcanic rocks and Quaternary alluvium. The quality ranges from excellent to brackish.

ESCWA countries are classified into three groups. 

Group I countries are situated in arid zones and they lack sufficient natural water resources and fertile soil; in addition, they suffer from adverse climatic conditions. They have to desalinate sea water to obtain most of their fresh water needs and to reuse sewage effluents to meet the needs of their high rate of population growth and rapid development. All group I countries share the western coastline of the Arabian Gulf. Oman, the United Arab Emirates and Saudi Arabia have long coastlines on the Arabian and Red Seas.

Group II countries are situated in relatively arid zones and include Jordan, Palestine and Yemen. These countries have a better natural water potential than those in group I, but they all face imminent water shortages.
Group III countries are situated in semi-arid zones and include Egypt, Iraq, Lebanon and the Syrian Arab Republic. The most important water resources problem of this group is that they share among themselves and with neighbouring countries a substantial percentage of their surface water. The water resources of group III are adequate only for the present decade and if they conserve, develop and manage these resources.
Studies have indicated that countries in this part of the world are now, or are expected to be by the year 2000, at a point where total demand for water will be about equal or exceed the estimated available resources. In some ESCWA countries, water shortages are already a reality. Some others have almost fully developed their fresh (renewable) water resources. Depletion of non-renewable water resources due to over-pumping from exploited aquifers is also a serious and common phenomenon. Consequently, degradation of water quality, due to increasing salinity is also common in a number of countries in the ESCWA region.

The largest user of water in the ESCWA region is agriculture, and many of the Western Asia countries follow subsidy and incentive policies in this sector. It is now proven that such policies hamper agriculture development on the long run by encouraging increased water application rates and subsequently depleting aquifers, diminishing streams flows, and causing water logging and soil salinity. Additionally, rapid urbanization, and improvement of the quality of life in terms of health, sanitation and social services, have resulted in sharp increase in water demand for municipal purposes. Together with industrial and agricultural uses, high demand for water has caused imbalance between water availability and water requirements for socio-economic development.
Major surface and groundwater resources in the region are shared between countries lying both within and beyond the region. The most significant river basins are those of the Jordan, Nile and Euphrates/Tigris, all of which are subject to continuous riparian issues. A significant agreement exists only in respect of the Nile, and then only between two countries (Egypt and Sudan). Extensive aquifers are shared by countries in the Arabian Peninsula, Iraq, Syria and Jordan, yet agreements on abstractions from these aquifers do not exist.
Lack of appropriate cooperation and coordination at regional and interregional levels in the field of shared water resources is a problem and a source of worry. This issue is highly affected by the prevailing political situation in the region, as well as within adjacent regions. Mutual cooperation and coordination in managing the shared surface and groundwater basins would help achieve sustainable development within the region to ensure rational development, utilization and conservation of the water resources, taking into consideration a variety of related aspects under the socio-economic factors prevailing in the concerned countries.
The estimated available water resources, based on the various hydrological and hydrogeological investigations carried out in the ESCWA region, may be summarized as follows :


1990
2000
A Available
154 BCM
166 BCM
D Demand
143 BCM
179 BCM
B Balance
 11 BCM
- 13 BCM

The table above provides an idea of the importance of the close relation that exists between water resources availability and present and future water demands. Many member States in the ESCWA region will reach their development limits by the year 2000, owing to the acute water shortages which is even now a reality in the GCC member countries, Jordan and Yemen. In other cases, the estimated demand for agricultural water will not be met at all, preventing some countries from achieving food self-sufficiency, if present regional water-use practices continue.
It is worthy to mention here that the available surface-water resource in both the Syrian Arab Republic and Iraq, and to a certain extent in Egypt and Jordan, may not be the same in the future, as a result of the water resources development activities which are being practiced in the neighboring upstream countries sharing the same water sources and to the absence of registered riparian rights.

The volumes of the estimated available groundwater resources in the region, are based mostly on reconnaissance investigations. Groundwater over-exploitation due to excessive and uncontrolled pumping, as well as deterioration in water quality, are common features observed in many regional basins such as those in Jordan, the Syrian Arab Republic, Saudi Arabia and Yemen. Groundwater quality is deteriorating due to sea water intrusion into the coastal plains aquifers in Yemen, Oman, Bahrain, the United Arab Emirates and Qatar. All these factors have resulted in a progressive reduction in available groundwater resources in the ESCWA region, to the extent that sustainable agricultural development may be hindered in the future. Expensive non-conventional water resources are being produced in desalination plants to meet the increasing water demands in the region, particularly in the GCC member States. Surface water resources are increasingly vulnerable to pollution from different sources.
Great efforts are being made in the ESCWA region to develop additional water resources. In all large river basins, major storage reservoirs have been built or are under construction (the Euphrates, the Nile and the Tigris) in other parts of the region (the Syrian Arab Republic, Jordan and Saudi Arabia) a number of smaller dams are at different stages of planning or execution. In addition to the large river basins shared by several countries which form the main water resources for these countries, there are 37 groundwater basins considered as shared basins.


NOTES ON REGIONAL WATER RESOURCES COOPERATION, UTILIZATION AGREEMENTS AND PRACTICES

I.- REGIONAL/SUBREREGIONAL SURFACE WATER BASINS

I.1.- Nile River water

The water resources of the Nile are shared by ten sovereign states: Egypt, the Sudan, Ethiopia, Kenya, Uganda, Tanzania, Burundi, Rwanda, Zaire, and, Eritrea. To date there is no basin-wide agreement with regard to the management and utilization of the Nile. At present, significant use of the waters of the Nile is made by the two downstream countries, the Sudan and Egypt, the latter being the prominent user. The other upstream countries, who contribute the bulk of the total annual flow of the Nile (Ethiopia is the major contributor at 86 per cent), have not as yet used the waters of the Nile to any appreciable extent. (Water in the Middle East, Cooperation on the Nile 1995). (14) 
The legal and institutional arrangements that presently exist within the Nile basin reflect the disparity in use between the downstream and upstream riparians. The two downstream countries have allocated the main annual flow of the Nile (as measured at Aswan) between themselves disregarding the needs and development targets of the upstream riparians.
Egypt and the Sudan created a model for cooperation in 1959 through a bilateral agreement which not only governs the sharing of the Nile waters, but contains an instrument for settling controversies by negotiation. In 1959, Egypt and the Sudan signed an agreement to establish the Permanent Joint Technical Commission of the Nile River, which is the mechanism for proposing and implementing the mutual cooperation projects between the two countries as well as with other countries of the Nile basin. The Technical Commission has the right to review the uses of the Nile water in the two countries as compared with their shares stipulated by the 1959 agreement. Since its establishment in 1960, the Technical Commission has been meeting regularly four times a year in Cairo and Khartoum alternatively. In accordance with the 1959 Agreement, Egypt was allowed to go ahead with plans to construct the High Aswan Dam for over-year storage, impounding and controlling the full discharge of the river at Aswan (84 BCM of which the Sudan share was increased to 18.5 BCM and Egypt’s share to 55.5 BCM. To a great extent the dam mitigated the conflicts between the Sudan and Egypt caused by the restrictions of 1929 Agreement on the Sudan water withdrawal during December to July and increasing Egypt’s share. Also the 1959 Agreement recognized other riparians rights.
As per the established 1959 Nile Waters Agreement, Egypt and the Sudan have asserted that their existing use of the Nile waters should be given absolute recognition and is to be non-negotiable in any future water allocation. Also the downstream countries (Egypt and the Sudan) would be entitled to an additional share from the Nile waters if the proposed River Nile Water Conservation project were implemented. These projects are comprised of several major water works designed to regulate and conserve the Nile River flood waters in upstream states. They were stopped as from November 1983 due to the political situation in the upstream region.
In 1964, the Technical Commission with assistance from the UNDP began to draw up a mechanism for cooperation with the countries of the Equatorial Lakes region. The idea was a success and resulted in the establishment of a project for a hydro-meteorological survey of the Equatorial Lake Plateau in 1967 (Hydromet). In 1977 the Technical Commission began formulating a comprehensive mechanism for providing continuous cooperation among all the riparian countries. In 1978 the draft by-laws of the suggested Nile Basin Commission were drawn up and sent officially to all basin countries.
Lately, under the aegis of the United Nations, further efforts have been made to help the Nile basin countries to draw up a mechanism for overall cooperation to develop the Nile basin. It was believed that such cooperation may be achieved if the following points are taken into consideration:
·	Agreement on the historical rights of different parties;
·	Agreement on exchanging the required data which will be the basic ingredient for the development projects;
·	Acknowledgment of the prior agreements, especially those which dealt with shared water resources;
·	Acceptance of criteria for priorities of suggested development programmes;
·	Consideration of the possibility of using existing resources other than Nile water within each country.

Various international forums have set out to encourage meaningful cooperation in the utilization and management of the Nile among its riparians. Although these efforts constitute a step forward, basin-wide cooperation has not yet been achieved. All parties understand and accept the need for cooperation but have failed to reach an agreement on the modalities, including the legal framework, for such cooperation in addition to the lack of political will and distrust among watercourse states; feelings of vulnerability and uncertainty of the two downstream states, particularly Egypt, with regard to the impact on them of upstream water resources projects; the absence of political stability in certain watercourse states; and the lack of adequate financial resources and technical expertise especially in the upstream states.
The Ministers responsible for water affairs in the Nile Basin countries met in Kampala, Uganda, in December 1992, and agreed that future cooperation on water resource matters should be pursued. They agreed that these matters should be pursued over a three year transitional period, under the name “Technical Cooperation for the Promotion of the Development and Environmental Protection of the Nile Basin” (TECCONILE). An agreement to this effect was signed by Ministers from the six countries of Egypt, Rwanda, Sudan, Tanzania, Uganda, and Zaire.(3)

Following one additional ministerial meeting and two international conferences (Nile 2002 Conferences), the Nile countries agreed on a list of practical measures for supporting regional cooperation in water management.
A workshop was held in Entebbe, Uganda, in June 1994. The main purpose of the workshop was to develop a draft Action Plan for the Nile River Basin. A second workshop was held in Cairo, Egypt, in November 1994. The purpose of the second workshop was to provide an opportunity for the country participants to review and revise the draft report on the Action Plan which was developed as a result of the Entebbe workshop. Representatives from Burundi, Egypt, Eritrea, Ethiopia, Kenya, Sudan, Rwanda, Tanzania, Uganda, and Zaire participated in this second workshop.

The third Ministerial meeting took place in Arusha, Tanzania, in February 1995. The Action Plan was presented and approved by the Council of Ministers for Water Affairs of the Nile Basin states.

The Action Plan, as initiated and agreed to contains twenty-two individual projects within five main components:

- Integrated water resources planning and management (five projects)
- Capacity building (eight projects)
- Training (one comprehensive project)
- Regional cooperation (five projects)
- Environmental protection and enhancement (three projects.

I.2.- Euphrates-Tigris River system

A second example of rivers shared by different countries is the case of the Euphrates and Tigris rivers. The Euphrates and Tigris rivers get their water from the Anatolian plateau south-east of Turkey. This plateau has an annual rate of rainfall of about 1,000 mm.
These two river basins are international: Iraq and the Syrian Arab Republic share the Euphrates basin with Turkey and the Tigris basin with Turkey and the Islamic Republic of Iran.
The Euphrates river has a catchment area of about 444,000 km² within Iraq, the Syrian Arab Republic and Turkey. Some small rivers (the Sagour, Baliekh and Khabour) join the Euphrates in its flow through the Syrian Arab Republic. The volume of the Euphrates discharge at its entry into the Syrian borders is estimated at 29.8 billion m3 of water, and the Euphrates total length from its source will it joins the Tigris is about 2,700 km. (International Water of the Middle East, Problems of International River Management, J.Kolars, 1994, p.51) (10)
The Tigris river has a catchment area of about 471,606 km² within Iraq, the Syrian Arab Republic, the Islamic Republic of Iran and Turkey. Some small rivers (the Greater Zab, the Lesser Zab, Shut Al-Adheim and Diyala) join the Tigris within Iraqi boundaries. Its discharge is 48.7 billion m3 of water and its length is 1,800 km.
The Chat-el-Arab (190 km long) is the river where the Euphrates and the Tigris meet at El-Kurnah. The Chat el-Arab discharges 21 billion m3 of water at El-Bagrah and 35.2 billion m3 at its end when it drains into the Arabian Gulf. Several hydraulic structures have been already constructed on the two rivers (the Euphrates and the Tigris) by the four riparian countries to regulate floods, for power production or to implement irrigation schemes at national levels to satisfy each country’s objectives but without effective cooperation between the countries.
No substantive development plans were executed by the riparians (Iraq, the Syrian Arab Republic and Turkey) to exploit the Euphrates river water prior to 1973. The exploitation of Euphrates-Tigris waters were in general governed by some old protocols and agreements during the French-British mandates in the region. They are: Franco-British Convention of 1920 (utilization of water in Mesopotamia), Franco-Turkish agreements (1920-1930 - utilization of Koveik river and partially Euphrates and Tigris waters), the Turkish-Iraqi Protocol of 1946 (for the exchange of information on the subject of flood prevention as an annex to the Treaty of Friendship and Good Neighboring Relations). As per this Protocol of 29 March 1946 the main purpose was the construction of protection and observation posts on Turkish territory and to harmonize water projects on both sides. (Chalabi and Majzoub, “Water in the Middle East”, 1995, pp.189-234). (13)

None of these treaties, agreements and protocols received the attention from the riparian states. On the contrary, each state started to implement policies to direct or exploit the Euphrates waters without mutual consultation between the Syrian Arab Republic and Iraq and between Turkey and Iraq. During the sixties, Koviek waters were diverted, the same fate for the Afrin waters at the beginning of the seventies. (Chalabi and Majzoub, 1995)
The exploitation of the Euphrates river waters can be distinguished in two phases: The first phase 1946-1960, no far-reaching water projects were undertaken with the exception of a project related to the collection of rainfall returns and the aquisition of hydro-meteorological information.
The second phase from 1960 until now has been marked by the construction of a series of water projects which were exemplified by an almost complete lack of cooperation between the three riparian states.
The three riparians, Turkey, the Syrian Arab Republic, and Iraq have all formulated plans and implemented projects over the years to achieve flood control on the Euphrates and to use its waters for the generation of hydroelectricity and large scale irrigation schemes. Little effort has been made to coordinate planning and no formal agreement has been reached regarding the allocation of water. Iraq, whose use of the Euphrates for irrigation dates back 6,000 years ago was the first of the three states to build modern water works on the river. The Hindiya barrage was completed in 1913, and the second barrage built at Ramadi in 1950 allowed Euphrates flood waters to be diverted to Lake Habbaniyah and the Abu Dibis depression. Al-Haditha dam, upstream of Ramadi, was put in service in 1982. In addition, a good number of water structures and water works which were constructed or planned to make use of the Tigris river waters for irrigation, flood protection and hydro-power production purposes. 
In the Syrian Arab Republic, Tapqa dam was put into service in 1973. Other two dams: Al-Baath dam was also completed in 1988 while Tishrin dam, upstream of Tapqa dam, was started in 1990. In addition to other three smaller dams constructed at Khabour river within the Syrian territory. 
Among the largest developmental project which was implemented in the Euphrates-Tigris river system is the Turkey’s “South-Eastern Anatolia Development Project” known as GAP. The GAP incorporates the construction of 21 dams and 17 hydropower plants on the Euphrates and Tigris rivers. One million hectares of land are scheduled to be irrigated with water from the former stream and 625,000 ha from the latter. The GAP will have a total of 7500 MW installed capacity with an average annual production of 26 billion kWh. This in turn represents 19 per cent of the 8.5 million ha of the economically irrigable land in Turkey, and 20.5 per cent of the country’s hydropower. (“International Waters of the Middle East”, J. Kolars, 1994, p.48). (10)
The main components of the GAP project are: Keban dam which was constructed in 1974 with storage capacity of 30.6 BCM; the Ataturk dam completed in 1983 and refilled in 1990 and 1991; and Karakaya dam (9.54 BCM) which was completed in 1988. The GAP project was launched in 1984 as an “Integrated project” for the development of Euphrates-Tigris water through the construction of dams, irrigation systems, and hydropower generation. In addition, 14 dams on Euphrates and eight more water projects on the Tigris within the Turkish territory are other proposed components within the framework of the GAP project. Another structure which is a (26.4 km long) Urfa tunnel for the canalization of the water (328 m3/s flow) from Ataturk reservoir was constructed to irrigate about 143000 ha at Harran and Sanliurfa plains in Turkey (“Water in the Middle East”, Chalabi and Majzoub, 1995, p.205) (13)
It was reported that once the above projects have been completed the annual flow of the Euphrates will fall from about 30 BCM to about 16 BCM in the Syrian Arab Republic and to about 5 BCM in Iraq. Also the quality of the river waters will deteriorate accordingly (Chalabi and Majzoub, 1995). Thus, the Syrian Arab Republic and Iraq are concerned about the impacts of the GAP project on the Euphrates-Tigris waters particularly on the Syrian side as Euphrates is the only river of a considerable size to flow through the country. This situation may be aggravated due to the absence of mutual agreements or a treaty between the riparian states in the region in order to regulate the sharing of the multi-national rivers and to determine rights and obligations of each country involved. All recent and past negotiations have failed because of the determination of each of the riparian states to keep exclusive control of the Euphrates-Tigris river waters in their respective territories. The main dispute over the Euphrates-Tigris waters stemmed out of the different attitudes of the riparian states as regards the “International river” or “Transboundary river”. 
The Syrian Arab Republic and Iraq consider the Euphrates and Tigris to be international rivers, and consequently, claim a share of their waters. On the other hand, Turkey recognize the international character of these two rivers and only speaks of rational and optimal utilization of the single and unique cross-frontier river basin, the Shared water Resources waters or cross-border waters. Moreover, Turkey sees an unlimited use of these waters according to her needs as her most natural right. Turkey makes a clear distinction between an “international” river and a “Shared water Resources” river. An international river is defined as a river the two banks of which fall under the sovereignty of two or more states. These waters have to be shared by the riparian countries through the median line or the Talweg. For Shared water Resources watercourses, i.e. rivers crossing state borders, Turkey merely holds that the waters should be used in a fair, reasonable and optimum manner. (Chalabi and Majzoub, p.213) (13)
All attempts at negotiation, notably in 1962 and later in 1982, have failed to reach an agreement between the three riparian countries to share the Tigris and Euphrates waters as Turkey keeps claiming the exclusive control of the two rivers waters. The only Protocol exists was signed in 1987, by which Turkey verbally undertook to deliver 500 m3/s of the Euphrates river water to the Syrian Arab Republic although Iraq and the Syrian Arab Republic ask for a flow of 700 m3/s. A tri-partite technical committee for the exchange of technical information, is the only accepted forum for cooperation between the riparian states. J. Kolars, 1994, has reported that the GAP when fully implemented would have conceptually three main impacts on downstream countries: First the diminishing of downstream flow to about 360 m3/s as a result of water loss by evaporation from storage reservoir surfaces instead of the agreed upon of 500 m3/s. The second impact is the detouring of significant quantities of water from the main channel through Urfa Tunnel to Urfa-Harran-Mardin irrigation projects. The third impact is the possible pollution of mainstream and tributary waters by the return flow from irrigated fields and hence water quality deterioration which will take place on the Euphrates and Tigris waters as more and more irrigation projects come on line in the upstream country.

I.3.- Jordan River system

The catchment of the Jordan river, excluding the upper basin, is all arid to semi-arid. The total catchment area of the Jordan river is 18,300 km², of which 3 per cent lies in pre-1967 Israel. The lower Jordan river between Lake Tiberias and the Dead Sea has a catchment area of 1050 km². The Jordan river originates in the south-western Anti-Lebanon range, on Mount Hermon, which is covered with permanent snow. The river flows through Lebanon, the Syrian Arab Republic, Israel, the West Bank and Jordan. The discharge that feeds the upper part of the Jordan river is derived principally from a group of Karstic springs located on the western and southern slopes of Mount Hermon. The river flows southwards for a total distance of 228 km before emptying into the Dead Sea. Its principal tributary, the Yarmouk, forms the border between the Syrian Arab Republic and Jordan and divides Israel from Jordan in the Yarmouk triangle. The lower reaches of the Jordan river border on the Israeli-occupied West Bank to the west and Jordan to the east for a distance of about 80 km. (Naff and Matson, 1984), and (Murakami and Musiake, 1994, pp.117-154). (15) (11)
The quality of water in the headwaters of the Jordan river is excellent with salinity less than 15 to 20 mg/l of chloride. The flow in the lower reaches of the system is supplemented by poor quality groundwater that it degrades the quality of the river flow, to the extent of several thousand parts per million of total dissolved solids (TDS) at the Allenby Bridge near Jericho. (Murakami and Musiake, 1994). (11)
The major headwater streams and their average annual flows that contribute to the Jordan river system are: Yarmouk (446 MCM/a), Dan (245 MCM/a), Hasbani (138 MCM/a), Banias (121 MCM/a), Zarqa (95 MCM/a), Mujib (42 MCM/a) and Hasa (41 MCM/a). (Murakami and Musiake, 1994). (11)
Conflict over the Jordan river system has been intractable due to complex hydrological structure shared by four hostile riparian states: Jordan, the Syrian Arab Republic, Lebanon and Israel. The Arab-Israeli conflict has over-shadowed efforts to reach an agreement or cooperative utilization of the river water system. Several development schemes to utilize Jordan river system date as back as 1913. Some of these development plans considered Litani river as part of the Jordan River System, while other schemes excluded the Litani waters as it is totally a Lebanese river in its origin and course. Water allocations to the riparian states as per the development plans drawn by the different sponsors for the Jordan river system were as follows :

Million Cubic Meters
Plan
(Source/Year)
Lebanon
Syria
Jordan
Israel
Total

Main Plan
(UN:1953)
-
45
774
394
1213
Arab Plan
(Arab:1954)
35
132
698
182
1047
Cotton Plan
(Israel:1954)
451
30
575
1290
2346
Johnston Plan
(USA:1955)
35
132
720
400
1287
Source: International Waters of the Middle East, Murakami, M. and K. Musiake, 1994, p.119.
The competent government authorities of the riparian countries have failed at negotiations to agree on any of the above cited plans due to political reasons, particularly the situation was seriously aggravated by the 1967 war. Jordan, the Syrian Arab Republic and Lebanon (coriparlans), responded to the Main Plan with their (1954) plan based on the fact that 77 per cent of the waters of the Jordan river system originate in Arab countries. Their plan reaffirmed the principle of exclusive in-base use of the water, rejected the storage in Lake Tiberias, and rejected the integration of Litani river (Naff and Matson, 1984, p.40).(15). With the failure of negotiations the riparians decided to proceed with water development projects situated entirely within their own boundaries on a unilateral base. 
In March 1953 the Hashemite Kingdom of Jordan and United Nations Relief and Work Agency for Palestinian Refugees (UNRWA) have signed an agreement to execute what is known as “Bunger Plan” which included the diversion of the River Yarmouk water via the construction of two dams at Maqarin and Adasiya and canalization of water into the Jordan Valley. Later in June 1953, Jordan and the Syrian Arab Republic agreed on sharing the Yarmouk water. But these agreements were faced by the Israeli protest.
Afterwards unilateral development water projects were commenced within the riparian territories. Jordan has carried out water resources projects in the Yarmouk river and east Jordan Valley including three major components. 

They are:
i The East Ghor Canal (EGC) project to divert part of the river Yarmouk base flow (maximum flow volume of 158 MCM/a) with the conveyance of about 45 MCM/a of water (Der Alla project) to meet the growing water demand (M&I) for the Capital Amman and surroundings. The EGC project started in 1964 and reached the Dead Sea in early eighties (1980s);
ii The construction of a number of dams on the main Jordan Valley side wadis namely (Wadi Arab, Ziglab, Zarqa, Shueib and Kufrain). These side wadis dams which were executed during 1968-1987) were intended to make use of the flood waters as well as to store the treated sewage effluent from the main treatment plants, serving the populated centers in Jordan (Amman, Zarqa and Irbid); and
iii The third project included in the Jordan’s plan was the construction of Al-Wahda dam on the Yarmouk river. As per the agreement between the Syrian Arab Republic and Jordan in 1988, the dam was conceived to store a gross capacity of 225 MCM and effective storage volume of 195 MCM annually. The stored water volume would be used for irrigation in Jordan Valley and to convey 50 MCM/a to Greater Amman area. Also to generate power of about 18 800 kWh. The project was not implemented due to the Israeli opposition before and after the 1967 war.

As regards Israel, the National Water Carrier (NWC) was the major water development project carried out. The Carrier diverted water from the Jordan River Fork at Eshed Kinrot at Lake Tiberias to the coastal plain and the Negev desert. The project was commenced as early as 1953 and completed in 1964. The initial diversion capacity of the Carrier was 180 MCM/a in 1964. This capacity was soon increased to 360 MCM/a in 1968 and is believed to reach a maximum capacity of 500 MCM/a (Murakami and Musiake, 1994, p.135).(11) It was also reported that: the Israeli national water grid interconnects the supply-demand areas with approximately 1400 MCM/a or about 90% of Israeli water resources and more than half of this water is obtained from the Jordan river and its tributaries (Upper Jordan River System) located outside its pre-1967 boundaries (Naff and Matson, 1984, p.49). (15)
In addition to the NWC, Israelis control over area water resources was extended by the 1967 occupation of the Golan Heights and the West Bank. In 1984 six reservoirs in the Central Golan were completed thus preventing about 20-25 MCM/a from flowing into Lake Tiberias, besides the transference of about 50 MCM/a from north water-rich Upper Jordan River System to Golan Heights to meet the irrigation and domestic demands of settlements in Golan.(15)
The Syrian Arab Republic has implemented a number of small-medium size dam development schemes within the framework of the Upper Yarmouk.
In addition to the above development schemes undertaken by the riparian states, there are other proposed projects to be carried out on either uni- or bi-lateral basis. They are the Mediterranean-Dead Sea or Red Sea-Dead Sea Canal projects. These projects are hydroelectric power generation and they are at feasibility studies stage at present.
It is worth mentioning here that the above briefly described water development schemes have some impacts on both water flow rates in Jordan and Yarmouk rivers as well as the deterioration of the water quality at the lower reaches of these rivers within the downstream riparians. Also these schemes have conceptually lowered the Dead Sea level. The reduction of plantation in the downstream countries due to the upstream diversions and/or inter-basin water transference to meet irrigation projects expansions as well as water quality deterioration resulted from dumping saline waters into the Jordan river from deep seated sub-marine salty spring waters in Lake Tiberias.
Lately and in the context of the Arab-Israeli peace process, Jordan and Israel have signed a treaty on 26 October 1994. Syria is still under negotiations and Palestine Authority postponed the water issue to the final stage of the negotiations with Israel.
Pursuant to Article 6 of the treaty on water between Jordan and Israel, paragraph 1 cited with view to achieving a comprehensive and lasting settlement of all the water problems between them: - The parties agree mutually to recognize the rightful allocations of both of them in Jordan River and Yarmouk River waters and Wadi Araba groundwater in accordance with the agreed acceptable principles, quantities and quality as set out in (Annex II of the treaty), which shall be fully respected and complied with. Jordan and Israel agreed on 7 Articles on water related matters namely: Allocation; Storage; Water Quality and Protection; Groundwater in Wadi Araba; Notification and Agreement; Cooperation and Joint Water Committee, which shown in Annex II of the treaty. In regard to allocation of water from the Yarmouk River, it was agreed that Israel pumps 12 MCM and Jordan gets the rest of the flow in summer period of each year. While in winter period, Israel pumps 13 MCM and Jordan is entitled to the rest of the flow subject to some provision outlined: Jordan concedes to Israel pumping an additional 20 MCM from the Yarmouk in winter in return for Israel conceding to transferring to Jordan during the summer period the quantity specified from the Jordan River. Water from Jordan River, during summer period of each year, in return for the additional water that Jordan concedes to Israel in winter, as mentioned above, Israel concedes to transfer to Jordan in the summer period 20 MCM from the Jordan River, while in winter period of each year Jordan is entitled to store for its use a minimum average of 20 MCM of the floods in the Jordan River, and Jordan is entitled to an annual quantity of 10 MCM of desalinated water, form of desalination, of about 20 MCM of saline spring now diverted to the Jordan River.(2)
Additional water: Jordan and Israel shall cooperate in finding sources for the supply to Jordan of an additional quantity of 50 MCM/year of water of drinkable standards. To this end, the Joint Committee will develop, within one year from the entry into force of the Treaty, a plan for the supply to Jordan of the above mentioned additional water. The plan will be forwarded to the respective governments for discussion and decision.(2) In June 1995, the pipeline which bring drinking water from Lake Tiberias to Jordan was opened, according to the treaty, it expected to carry some 30 MCM of water per year. (EIU, Jordan Country Report No. 3 (1995, P.9).
Palestinian Authority, Jordan and Israel have signed a water sharing agreement on water resources (described as framework) in Oslo on 13 February 1996. According to a Norwegian Foreign Ministry spokesman, the agreement which will have to be approved by the three governments is intended to outline principals for cooperation on existing supplies and new sources (such as desalination), but does not include detailed plans for water management. However, it was described as it is very important because it is the first regional agreement for sharing water that has been accepted. (17)


II.- Regional/Subregional Groundwater Basins

Water-related activities at the Subregional and regional groundwater basins are very limited; few Subregional groundwater projects are known to have been implemented during the last decade. They are pertaining to the following:

II.1.- The Hamad Basin

Planning for the Hamad Basin project began in 1975. The four countries Iraq, Jordan, Saudi arabia and the Syrian Arab Republic, sharing the basin, have agreed to cooperate within the framework of a plan based on an integrated study of the available and potential natural resources of the basin; water-resources surveys were given special attention. In 1978, the concerned member countries agreed upon the project documents formulated by the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD). The project was begun in 1979 and lasted for four years. National follow-up projects within the Hamad Basin are currently being implemented.(4)
The project area indicated by the formulated plan was about 100,000 square kilometers, but was later increased to encompass entire areas belonging to the basin in the countries concerned.
Some of the projects’ objectives include: acquiring the basic data and information necessary for the comprehensive socio-economic development of the basin; improving the living standard of the inhabitants; and evaluating the basin’s natural resources, including surface, groundwater, vegetation and animal resources.

The project includes the following activities:
- Topographical survey using available maps and interpretations of satellite imagery, plus the preparation of a base map of 1:500,000 scale;
- Climatological studies using existing meteorological data and that collected during the  course of the project;
- Surface- and ground-water points inventory, analysis and evaluation;
- Geological studies and hydrogeological correlations, as well as delineation of the main water-bearing formations and determination of their hydraulic parameters;
- Collecting, compiling, recording and storage of water data;
- Soil survey, plus wildlife and vegetal-cover studies.

II.2.- Project for shared groundwater resources in the Gulf States

As per the request of the secretariat of the Council of Ministers of Agriculture in the Gulf States and the Arabian Peninsula, FAO carried out a shared-water project during the period April 1977 to May 1979 (1).

The aim of the project, as agreed upon between FAO (the executing agency) and the Council of Ministers, was to undertake the following:
- Gather all documents which deal with the water resources of the region (project area) and evaluate them thoroughly;
- Develop a conceptual hydrogeological model for the Eastern Arabian Basin, based on all available data;
- Fit each country into the developed model and determine how each shares its water resources;
- Draw up a programme for future investigations aimed at better quantification of the shared resources, and prepare a pumping programme to ensure equitable sharing by the countries concerned.

To achieve the above, the FAO technical team reviewed and evaluated the available water sector data and documents relevant to the project area (1.7 million square kilometers), including information pertaining to geological setting, geophysical surveys, hydraulic and hydro-chemical parameters, and hydrogeological conditions prevailing in the project area.

Data on piezometry, water quality and well inventory are also presented on maps, and geological cross-sections were drawn. A summary of all significant hydrogeological data and the results of previous studies carried out in the area were included as well. The aquifer systems in the study area are described as follows:

- System A: the main aquifer system which recharges in inland Saudi Arabia and underflows to the east, to its eventual discharge into the Gulf;

- System B: composed of discontinuous fresh-water lenses which extend from coastal Saudi Arabia across Bahrain and Qatar, and into central Abu Dhabi/United Arab Emirates (UAE). This system also includes the shallow, unconsolidated aquifers of the eastern UAE and inland Oman, and the fresh-water aquifer in northern Kuwait and areas in south-eastern Iraq.

A ground-water simulation model was developed, based on the data collected and a review of previous findings. The model simulated the main aquifer systems in the basin, the recharge sources and discharge areas in the different localities of the project area, water quality, ... etc. The project concluded by classifying the resources according to their source aquifers, determined the hydrogeological situation and each aquifer system’s hydraulic model, and established the extent of sharing which is possible within the framework of the proposed hydraulic mode; it also concluded that further studies are required in Kuwait, Bahrain and the UAE, and recommended that a data bank and retrieval system for hydrological and hydro-meteorological data should be established. Further interpretation of the available and future data, records, and reports should be undertaken, and the interpretations should be of a more scientific nature.
The hydrogeological conditions prevailing in the Yemeni subregion of the project area, based on available data, records and previous investigations have been studied and described. It was concluded that the largest area for the potential sharing of groundwater resources is that between Yemen and Saudi Arabia, where groundwater, in the Cretaceous sandstone and in the Um er-Radhuma aquifers is recharged in Yemen and flows towards Saudi Arabia. The available data does not provide enough information for a precise statement on the extent of potential sharing in this area.
 II.3.- Investigation of Basalt Aquifer System shared by Jordan and Syria

A potential shared basalt aquifer occurs between Jordan and the Syrian Arab Republic. Intensive water withdrawal is taking place in Jordan as it furnishes one of the main water supply sources for the Greater Amman, as well as in southern Syria, affecting the water quality and quantity. Both Jordan and the Syrian Arab Republic are currently engaged individually in further studying this aquifer, aiming at increasing the respective country’s water supply and further groundwater extractions may worsen the situation. The basalt flows contain groundwater resources of regional extent and, in some areas, local perched groundwater occurs(8).

ESCWA has initiated a study on this Subregional Basalt Aquifer System, extending over an area of about 25,000 km3 and shared by Jordan and the Syrian Arab Republic (SAR), as part of its activities during the biennium 1994/1995. The study was implemented in cooperation with competent authorities in both countries, namely the Water Authority (WAJ) of the Ministry of Water and Irrigation of Jordan and the Department of Irrigation and Water Resources of the Ministry of Irrigation of the SAR. Subregional cooperation was proved to be substantive during the course of the investigation to such an extent that made the study possible.
The immediate objectives of the study were: (I) to establish an information base on the hydrogeological conditions of the Basalt aquifer region, which is needed for sustainable management of the groundwater resources; (ii) to formulate proposals for further studies and technical measures for water resources development, management and conservation in specific areas; and (iii) to introduce appropriate methods such as remote sensing and isotope hydrology for groundwater exploration and management in the Basalt aquifer area.

The long-term objective of the project is to achieve an optimized sustainable management of the available water resources in the Basalt aquifer region.
A geological map was constructed for the area primarily comprising the basalt aquifer system shared by Jordan and the Syrian Arab Republic. Remote sensing techniques coupled with groundtruth data and incorporating the outcome of the previous investigations and information that were made available, could lead to the preparation of a unified geological map as a major information base required for groundwater resources assessment and development in the study area. The map presented, in addition to the surface geology, correlation of the main lithostratigraphic units, geotectonic framework and the major geologic structures that have direct control on the groundwater occurrence, movement and potentials within the study area.
The study comprised an evaluation of existing data and information through an iterative process of data processing, digitizing of relevant features from maps, plotting of maps as working sheets and drafts and discussion with specialists of national institutions in Jordan and the Syrian Arab Republic. The main results of the study are the presentation of 15 thematic maps to be used for the purposes of water resources planning and the provision of regional information to the national institutions. The presented information was, to some part, directly applicable to the planning and execution of measures of groundwater development and management, e.g. in connection with the quantitative assessment of groundwater resources, the adequate design of irrigation schemes or the delineation of prospective groundwater exploration areas.
Data and information provided by agencies of Jordan and the Syrian Arab Republic in data lists, documents and digital files as well as information available from publications, reports and maps were stored in computer files and processed with commercial computer software. The evaluated data comprise in particular records on various parameters from boreholes and springs, groundwater quality and isotope hydrology. The data evaluation resulted in the preparation of the thematic maps at 1:500,00 or 1:1,000,000 scale.

The prevailing hydrogeologic conditions of the basalt aquifer system described in brief in the study are mainly related to: groundwater flow; depth to groundwater level; the total thickness of the basalt aquifer system; groundwater salinity; the hydro-chemical water composition in aquiferous layers of the basalt as well as in underlying carbonate aquifers; aquifer hydraulics and groundwater movement in the main basalt aquiferous horizons. No particular evaluations of groundwater balances have been made, in the framework of the study. A discussion of groundwater balances is therefore restricted to general considerations and an outline of information available from earlier reports. The study also tackled in brief the hydrologic conditions in the area and covered mainly the drainage pattern, rainfall, evaporation, surface runoff and infiltration over the basaltic region within Jordan and the Syrian Arab Republic. The study concluded with follow-up actions and recommendations for integrated water resources development and management in the basaltic region within Jordan and the Syrian Arab Republic. Those were related to groundwater exploration programmes, most promising areas and aquifer potentialities, water quality rehabilitation in specific areas within the basalt aquifer, surface water impounding and artificial groundwater recharge as well as rainfall harvesting measures.
 
Other recommendations related to: improvement of monitoring programmes on water levels, water quality and well discharges; evaluation and assessment of aquifer parameters, establishment of comprehensive water information and data base were also cited in the study. Finally, the study has concluded that mutual cooperation and coordination for developing and managing the shared water shed comprising the basalt aquifer is extremely beneficial for Jordan and the Syrian Arab Republic. The ultimate goal of shared basin development is a comprehensive and many-sided plan dealing with all measures to ensure rational development, utilization and conservation of the water resources taking into account the socio-economic factors prevailing in both countries. In this respect, the study recommended to set up joint advisory steering committee responsible for coordinating, following-up and exchange of information regarding water shed investigations. This committee may be composed of representatives of the governments’ authorities concerned.

II.4.- Carbonate Aquifers of the Lower Tertiary (Paleogene) in the ESCWA region

Mesozoic to Tertiary carbonate rocks extend over wide parts of the geological province of the Arabian Shelf. The carbonate sequence, comprising predominantly limestones, dolomites, chalks, marly limestones and marls, was deposited during a long period of submersion of the Arabian Shelf under the sea, which lasted from the Middle Cretaceous until the Eocene. The carbonate sequence includes two important aquifer complexes:
·	Cretaceous limestones and dolomites with major outcrops in the sub-humid  northwestern part of the ESCWA region;
·	Paleogene deposits comprising prevailingly limestones and chalky limestones, which  extend over:
·	wide parts of the steppe (Badiyeh) and the Hamad areas in the Syrian Arab Republic, Jordan, Iraq and northwestern Saudi Arabia;
·	parts of eastern Saudi Arabia, the Gulf region, southwestern Oman and southeastern Yemen;
·	parts of the semi-arid to sub-humid region in the Syrian Arab Republic, Lebanon and Palestine.

The Paleogene aquiferous formations are denominated in different countries: Eocene (Middle to Upper Eocene, Lutetian), Rijam and Sallala limestone, Um er-Radhuma and Dammam, Um er Rhaduma and Jeza.
A study of groundwater resources in Paleogene aquifers of the ESCWA region was included in the work programme of 1996/1997 within the general scope of ESCWA activities to promote cooperation between member countries in the field of management of water resources and to provide governments with the required information and capabilities for the management of shared water resources.

According to a preliminary evaluation of available information, the groundwater potential of the Paleogene aquifer system in different sub-regions can be assessed as follows:
·	Paleogene aquifers of limited extent occur in synclinal structures of the mountains  and highlands west and east of the rift zone. The aquifers are important at least for  local water supplies, e.g. the Jenin aquifer in the West Bank.
·	In northwestern Syria, Paleogene chalks and limestones provide a fissure type aquifer  with generally moderate productivity. The aquifer contains the only fresh water sources in wide parts of northwestern Syria. Groundwater is replenished from annual rainfall but intensive exploitation of the aquifer for irrigation and  domestic supply has led already to near-depletion in some areas.
·	In the Hamad and Wadi Sirhan areas, extending over southern Syria, eastern Jordan,  southwestern Iraq and northwestern Saudi Arabia, Paleogene chalks, limestones  and cherts constitute an aquifer with generally low to moderate productivity and fossil brackish groundwater. Fresh water lenses along major wadi systems are sustained by infiltration of wadi runoff.
·	The Euphrates-Gulf Basin comprises an outcrop belt of Paleogene carbonate rocks extending over around 1500 km from southern Iraq over eastern Saudi Arabia. The carbonate rocks are partly karstified and are part of a complex aquifer system which extends from the outcrop belt eastward and northeastward until the Euphrates and the Gulf. The Paleogene aquifer system constitutes one of the most important groundwater reservoirs of Saudi Arabia. The groundwater is, however, prevailingly fossil, present-day recharge is very limited according to the arid climate conditions. Fresh water lenses are sustained by recent recharge under karstic surfaces in the Gulf area, e.g. in Qatar and Bahrain. In Kuwait, brackish groundwater is extracted from Paleogene aquifers for irrigation and as a mixing component for domestic supplies.
·	In the Rub al Khali Basin, the Paleogene is, to a large extent, covered by sand seas. On the southern fringes of the Rub al Khali in Hadramawt, Dhofar and central Oman, some present-day recharge apparently occurs in wadis. The groundwater of Paleogene aquifers below the sand seas of the Rub al Khali appears to be prevailingly brackish. Groundwater movement is probably directed from the mountainous fringes of the basin towards sabkha areas within the desert and along the Gulf coast.

The main challenges of utilization of the water resources of Paleogene aquifers in the ESCWA countries are:
·	Safe management of limited renewable fresh water resources
·	rational extraction of extensive non-renewable resources of fresh to slightly brackish groundwater
·	conservation of the quality of exploitable water resources

The study carried out by ESCWA aims at contributing to these objectives through a regional comparative evaluation and presentation of available information on a regional scale.

II.5.- Rum-Disi-Saq Aquifer system

The Rum group is underlain by the Araba Complex and Basement rocks. The Khreim group, which comprises the Hiswah Shale and the Dubaidib sandstone, is above the Rum group. The Khreim group is absent in the western part of the RA and in its place, overlying the Rum group, are younger deposits which include the Kurnub and the Ramtha formations.
The Rum group mainly comprises the Disi and Umm Sahm formation of the lower Paleozoic. It extends at outcrop from central Saudi Arabia westwards and northwards through Tabuk, Disi, and Petra, with the most northwesterly occurrence at the eastern shores of the Dead Sea. In sub-cropping areas, this formation is known to extend northwards and eastwards underlying the whole of the Rum Group Aquifer. Evidence of its thickness and depth in the subcrop has been collected from records of boreholes. Structures such as faults, intrusions, and dykes are present in the area. Enclosed within the Rum Group Aquifer is the Karak-Wadi Finn fault, the Fein-Zakimat Al-Hasa fault zone, and the Siwaqa fault.
This aquifer has a generally uniform, consistent lithology over large areas and attains thickness of over 2000m. The depositional environment varies from fluvial braided stream conditions to fluvial contextual conditions. The overlying Hiswah Shale which is a confining layer comprising laminated black to gray-brown micaceous silty shale and siltstone representing a post transgression, fully marine depositional environment.

The Dubaidib and the Mudawarra formations which overlie the Hiswah Shale form the leaky aquifer. In the absence of the Hiswah Shale and the Dubaidib leaky aquifer, the Rum aquifer is in hydraulic connection with the younger aquifers of the Kurnub formation. As a result, the waters in these two aquifers may mix and have a common flow path. In hydrogeological system definition, it is also normal to identify the base of the system. Although of little relevance, as the thickness of the aquifer above the base is so great, it is here formed by the Araba Complex and the basement, and to all intents is hydraulically insignificant. The most significant new information obtained by Scott Wilson (1994) is that the Rum aquifer is met at a much greater depth than predicted previously.(18)

The hydraulic controls are represented by groundwater flow contours which display the piesometric head and directions of flow. These permit interpretation of rates of groundwater movement. Flow commences from beyond Tabuk/Saudi Arabia, moving broadly northwards, crossing into Jordanian territory, passing Jafr, and converges towards the Dead Sea. Generally, the new data collected by Scott Wilson (1994) has suggested that although the pattern of previous piezometric contour maps was correct, actual water levels are slightly deeper.
Groundwater extractions from the 1980's have changed the pattern of groundwater flow, with a significant change in the Tabuk area. High rates of extractions there for agricultural purposes have produced a very extensive cone of depression, locally diverting the natural northeasterly groundwater flow direction. The only previous piezometric contour map demonstrating this change was in the UNDP report (1991). However, the satellite image interpretations made by Scott Wilson (1994) have concluded that the UNDP map neglects the extractions around Tabuk town and area to the east. Lack of field data from Saudi Arabia precludes the presentation of current conditions by means of contours, nevertheless, all calculations made here include the Tabuk extractions and their impacts have been fully assessed by Scott Wilson (1994).
Very little information on the hydraulic conditions of the leaky aquifer exists, because in Jordan its yield is low and the water quality is poor. In Tabuk, this layer originally was the water supply source but it was exhausted by substantial pumping (Saudi Arabian Atlas of Water resources, 1980).

In Jordan, four main farming corporations are currently active, Rum, WAFA, ARABCO, and GRAMECO. The Rum farm is located in the Ed-Disi area, and the other farms are around Mudawarra. In addition, an area of small private farms has recently been established around Quweira. Estimates of extraction have been complied for all these farms (from a combination of agricultural company records, WAJ archives, flow meter records, and new data). 
The production figures for Aqaba town water supply have been taken from a combination of Howard Humphreys (1986) and WAJ data, together with additional interpolation and extrapolation.

In Saudi Arabia, the main farming corporations are the TADCO and ASTRA farms. Actual production records were obtained by Scott Wilson (1994) for most of the period (1983-1989), while satellite imagery from 1985 and 1993 enabled cultivation areas to be evaluated. After correlating with measured extractions by TADCO farm during 1983-1989 monitoring period, an assessment of extraction from both the farms around TADCO and those around Tabuk for the period 1985-1993 were made. The extractions for Tabuk town and air base were derived from 1983 municipal supply figure Pim and Kawecki (1987). 

III.- Assessment of water resources in the ESCWA region
      using remote sensing and GIS techniques

As per the Commission mandate, ESCWA continued its role in promoting regional and Subregional cooperation in water resources development and management among its member States. A regional project was executed during the biennium 1994/1995 and completed in early 1996. The project aimed towards improvement of the state of knowledge of water resources in the ESCWA region through application of modern techniques of remote sensing and Geographical Information Systems (GIS). The project activities include regional assessment of surface and groundwater sources and formulation of water strategies with emphasis on shared water resources through interpretation and analysis of hydrological, hydrogeological and remotely sensed data. Advanced remote sensing and GIS techniques were applied to define key features on: major watersheds physiography and surface water bodies, regional hydrogeology and land uses within the ESCWA region(9).

Application of remote sensing techniques have contributed toward further refinements on the delineation of geomorphological characteristics of twenty major drainage basins, in addition to geological lineaments, aquifers areal extent, natural vegetation cover, and irrigated areas. The use of remote sensing in combination with GIS techniques, also strengthened the integration of hydrological and hydrogeological information leading to further refined assessments of the surface runoff and flow of rivers, groundwater hydraulics characteristic, recharge, and development activities as well as suggestions on development and management of both surface and groundwater resources of the ESCWA region.

Detailed analysis was also carried out with respect to the shared water resources especially surface water of major rivers: Tigris, Euphrates, Nile, Orontes and Jordan, besides groundwater potentials of aquifers, Ordovician sandstone (Jordan and Saudi Arabia), Dammam (Bahrain, Iraq, Saudi Arabia and United Arab Emirates) and carbonates (Jordan, Iraq, Saudi Arabia and the Syrian Arab Republic).

The outcome of the project culminated in the publication of a technical report addressing three major components on: methodology of remote sensing and GIS techniques in related water resources assessment, hydrological analysis including regional physiography; and surface and groundwater resources and suggestions of water strategies for development and management of shared water resources in the ESCWA region as well as the development of regional hydrological and hydrogeological maps.


Maps prepared in the framework of the project included:

·	Regional hydrological maps 1:2,500,000 presenting major catchment areas, drainage lines, patterns, rivers and other major water bodies, lakes, dams and rainfall distribution.

·	A regional hydrogeologic map 1:2,500,000

·	Hydrogeologic maps at 1:1,000,000 scale for three major shared groundwater basins:
- Paleozoic sandstone aquifers in Jordan and Saudi Arabia
- The Paleogene Dammam aquifer in Saudi Arabia, United Arab Emirates, Iraq and the Syrian Arab Republic
- Upper Cretaceous and Paleogene carbonate aquifers in Jordan, Saudi Arabia, Iraq and the Syrian Arab Republic

These maps show groundwater flow pattern, water quality, aquifer boundaries, existing development areas, potential areas for future development.

The maps have been prepared using information from existing maps and reports and evaluations of images of NOAA meteorological satellites and Landsat Multispectral Scanner images.



CONCLUSIONS AND OVERVIEW

Most of the water which flows accross the boundaries in the ESCWA region is not regulated by comprehensive international agreements signed by all the riparian states. The region is characterized by the wide variations in the riparian countries’ relative economic and political power. The limited number of agreements on international rivers in the region necessitates the adoption of sound principles of international law to ensure the allocation of shared water in an equitable and reasonable manner. Sharing water equitably is only one part of the challenge of transnational water courses: using and manage. the water optimally, and protecting the ecological integrity of the river systems or regional aquifers are other key prerequisites for sustainable development in the region.

Water issues occupy a central concern in the national agenda of all ESCWA member States who want to be assured of a sufficient quantity of water to cope with the progressive water demands for all sectors and to achieve socio-economic development associated with more urbanization, relatively high population growth rate, high rate of industrialization, greater productivity in agriculture on one hand and the scarcity and sharing of water resources with other riparians on the other. The international law has two main components: (I) treaties and other international agreements; and (ii) the general principles of international law. Due to the specific characteristics of each international rivers in terms of the hydrologic, institutional and legal aspects, it is not realistic to draw up rules and regulations of universal applicability unless they are kept broad and flexible.

Historically, the elaboration on such a set of principles had undergone through an evolutionary process. The International Law Association (ILA) has formulated the Helsinki Rules in 1966. Since 1971, the International Law Commission (ILC) of the United Nations (UN) has been working on comprehensive principles which are in the form of 36 draft articles on the law of the non-navigational uses of international watercourses. A framework convention was planned by the UN’s 6th Committee to refine the draft articles. Lately, the UN General Assembly has adopted the Law. The ILC draft articles only deal with groundwater that is part of a river system. Groundwater not associated with rivers is not included. 

In view of what have been presented and discussed previously in this paper, the following main conclusions may be drawn:

·	In general, it can be concluded that good regional progress has been made in water resources management, institutional arrangements and water legislation at the national level, though very limited progress vis-á-vis managing and developing shared water resources at the subregional and regional levels has been made. Moreover, the national water resources projects have been hampered because of the increased regional and political instability and the resultant general trends of diverting technical and financial aid to more pressing needs.

·	The lack of regional cooperation for managing and developing the major shared water resources has been common in the region. Despite years of efforts, no formal protocols yet exist among riparians of the Nile, Yarmouk, Jordan, Orontes, Al-Kabir, Tigris, Euphrates and Shatt Al-Arab rivers. If current circumstances continue, most of the downstream riparians will experience a severe quantity and/or quality deficit in water resources. Under even the best circumstances, most of the end-user countries will be unable to generate sufficient capital to finance feasible and critically needed water-storage and management projects without massive assistance from donor nations and lending institutions.

·	The existing shared water commissions in the region (The UNDOGO1 Group and the Permanent Joint Technical Commission for the Nile, the Technical Committee for Yarmouk, the Trilateral Commission for the Euphrates and Tigris rivers) proved unable to meet periodically and defuse the water conflicts among the riparians.

·	Such conflict resolution cannot be attained without the formulation of joint comprehensive water-resources management plans. The plans should include explicit agreements on water allocation among the concerned riparians for each river basin and/or exploitation rights for the major aquifers within the region. Given the lack of regional cooperation in the water sector among the ESCWA member States, it is remarkable that so few open conflicts over water have erupted. However, this state of affairs is changing rapidly. The closer each riparian state comes to depletion of its water resources, the greater the likelihood of conflict.



·	There should be relevant agreements between the countries sharing river basins and groundwater basins to ensure that each country can safely obtain its fair share. Upper river basin countries should not make any changes in the basin without studying carefully the effects on the other countries within the river basin. With respect to shared groundwater basins, especially those not subject to water replenishment or with a limited amount of water replacement. 
Countries should work towards formulating agreed development plans which would not seriously affect the efficiency of the groundwater basin. It cannot be easily be assumed that aquifers will be consistently treated in the same way as surface water. The legal rules for groundwater are still in the process of formulation, and the issue of aquifers is already continuous.

·	Agreements between riparian states can be reached through the assistance of United Nations agencies or regional organizations representing countries with shared water basins.

·	Water use strategy and action plans for development of the shared water basins in the region can also be discussed in meetings or in ad hoc group discussions.

·	The existing international law of international watersheds, does not provide precise rules capable of application in each and every instance. The substantive rules and principles that create rights and obligations on riparians are of a great and flexible nature, qualified only by a number of non-legal variables. Riparian states are responsible for reaching agreements upon appropriate regulation of the management and utilization of a particular watercourse. Likewise, as per the Helsinki Rules of 1966, the principle of equitable utilization as well as the obligation on riparians not to cause appreciable harm are general in nature and flexible and not precisely defined. However, the formulation of an appropriate legal mechanism, on the basis of which riparians can harmonize competing interests and cooperate in the management and utilization of a common water resource, poses a challenging problem when applied to a particular international watercourse.

·	In the absence of precise substantive rules, the procedural obligations of cooperation, negotiation, mutual consultation and requirements for the exchange of information among watercourse states, play an important role. They provide the foundations upon which riparian states can proceed towards an agreement.

·	One could conclude that the executions of the unilateral water development plans and utilization practices of the previously presented shared river and regional, interregional and groundwater basins have resulted in significant impacts on the usability, availability and, to a certain extent, human health conditions. In addition to the adverse environmental impact which is not among the issues discussed in the current publication.

·	The inter-basin water transference, detouring and/or capturing of significant volumes of waters from international or Shared water Resources river systems have caused serious problems such as: the lowering of the Dead Sea level, water quality deterioration in Jordan and Euphrates waters, particularly in the lower reaches of the river systems.

·	Domestic, industrial and agricultural effluents into the shared water resources may deteriorate the water quality within the river systems such as the case of the Orontes waters. The execution of huge irrigation shemes by the riparians utilizing shared waters may contribute heavily to salinization, soil degradation and water-logging as a result of poor irrigation-drainage networks or the utilization of deteriorated waters in some shared river systems. In the case of the Nile River basin, the stoppage of the Upper Nile Water Conservation Projects due to the absence of multilateral agreement deprived the riparians from additional volumes of water.

·	The withdrawal of groundwater within national territory can no longer be believed to be isolated from its effects on groundwater reservoirs in neighboring territories, including salinization of surface waters and aquifers.

·	Cooperation and coordination in the development and management of the shared watersheds and river basins (briefly presented in the document), would be extremely beneficial. The ultimate goal of shared basin development is the execution of a comprehensive and multi-faceted plan dealing with measures to ensure rational development, utilization and conservation of the water resources, taking into account the socio-economic factors prevailing in the concerned member countries.

·	In order to reach an agreement on joint actions for shared basin development, negotiations should be conducted. In these discussions, the upstream country might seem to be in a very strong negotiating position, but one must consider the whole field of relations among the countries involved; if one country abuses its water position, it may well suffer in its relations with the neighboring countries in another field such as trade affairs. It is clearly vital that the negotiations should be conducted in a spirit of regional cooperation, possibly resorting a neutral country and/or a knowledgeable team of experts to suggest what would be equitable and beneficial for all countries concerned.
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