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               Fig.2. Map of Nitrates (mg/l.2007)    Fig.3. Map of TDS (mg/l. 2007) 

 

Fig.4. Histogram of pesticides 
(µg/l.2007) 

 
B/ Impact of climate change: case of Saïdia coastal plain 
The Saïdia plain (Fig.5), in the Mediterranean coast Morocco is undergoing fast changes in land-use and 
the planning did not take into account sea level rising and likely salinity increase. Several golf courses are 
planned and the irrigated areas will increase considerably. This motivated building a density dependent 
groundwater flow and transport model for studying the climate changes impact on this unconfined 
shallow aquifer. 
 

Fig.5. Saïdia Coastal plain before and after change 

 
The stresses imposed to the model were derived from the IPCC (2007) emission scenarios and included 
recharge variations, rising sea level and advancing seashore. 
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Table II.  Stresses imposed by climate change 
IPPC 

scenario 
Temperature 
change (ºC) 

Seal level 
rise (m) 

Precipitation 
decrease 

Recharge 
decrease 

Observations 

B1 1.1 0.18 6% 9% B1 lower values 
A1B 2.8 0.35 12% 19% A1B mean values 
AIF1 6.4 0.59 38% 47% A1FI higher values 

 
The simulations show that there will be a significant decline in the renewable freshwater resources (Fig 
6a.b.c), and that salinity (Fig.8) increases can be quite large but still limited to a restricted area. 
 

 
A B C 
Fig.6. Decrease in groundwater level (100 years): a) A1F1 scenarion, b) A1B scenario, C) B1 
scenario. 

 

 
Fig. 7. Change in Salinity (A1F1 Scenario) 
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3. Joint Management of the North Western Sahara Aquifer System  
 
Ousmane S. Diallo, Coordinator of the Water Programme, Observatory of the Sahara and Sahel (OSS), BP 31-1080 
Tunis, Tunisia 
 
The North Western Sahara Aquifer System (NWSAS), shared by Algeria, Libya and Tunisia contains 
considerable water reserves, which are nevertheless lowly renewable and not fully exploitable. During the 
last thirty years, the exploitation of NWSAS waters by drilling increased from 0.6 to 2.5 billion m3/year. 
Because of the intensive and non-concerted withdrawal, the resource is now confronting many risks such 
as water salinity, artesianism reduction, natural discharge depletion, drawdown, or interferences between 
countries, thus seriously threatening the sustainability of socio-economic development of the area.  
 
In order to address these risks, a cooperation process between the three countries is crucial. This is the 
spirit of the NWSAS works facilitated and implemented by Observatory of the Sahara and Sahel (OSS) in 
collaboration with the three countries. The joint work has focused on the scientific stakes in the first 
place, enabling a significant knowledge improvement of the aquifer system, based on information 
exchange and a joint definition of working hypotheses among the countries. The simulations by the 
mathematical model built within such framework have highlighted the most vulnerable areas in the 
medium and long terms. They have also enabled identify new withdrawal zones that could increase the 
current exploitation while ensuring risk control through a reinforced consultation among the three 
countries. To this effect, the scientific and technical cooperation gradually led to the establishment of a 
formal institutional framework for the management of shared water resources among the three countries, 
i.e. the consultation mechanism. 
 
Balanced geographical coverage: 
The NWSAS designates the superposition of two main deep aquifer layers in North Africa: the Intercalary 
Continental (IC) and the Terminal Complex (TC). The system covers an area of over 1 million km2 
including 700,000 km2 in Algeria, 80,000 km2 in Tunisia and 250,000 km2 in Libya. 
 
Innovation:  
The activities on the NWSAS made possible to significantly improve the knowledge of NWSAS 
hydrological behaviour, the risks it faces, and the related socio-economic and environmental conditions. 
The three countries’ built knowledge base represents a fundamental element in the system’s joint 
management through: 

• Improvement of the knowledge of the aquifer system 
• Establishment of a common database 
• Assessment of current and future water resources availability 
• Identification of the risks faced by water resources and uses and environmental threats 
• Agreement and establishment of a consultation mechanism 

 
Relevance to current situations and to others actors: 
How then to exploit the Saharan basin beyond the recharge rate by pumping in the accumulated reserves 
within a sustainable management perspective? How can we ensure maximum water withdrawals for the 
region’s best development without irremediably degrading the resource? These are the challenges for the 
NWSAS water resources. 
 
Today, the activities on the NWSAS are moving towards a third phase, aimed at continuously improving 
the technical tools by using remote sensing for a precise irrigated land cartography and pursuing the socio-
economic and environmental investigations. These elements will undoubtedly constitute an additional step 
to achieving the overall objective of the OSS approach aimed at developing “shared basin awareness” 
towards a sustainable development of the arid and semi-arid zones. 
 
Technical and governance orientation: 
The paper presents the main achievements of the work done from 1998 to date, related to (i) knowledge 
improvement and joint management tools (assessment of water resources through hydrogeological data 
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collection, analysis, and synthesis; elaboration of a common database and an information system; 
development and exploitation of the NWSAS mathematical model and the regional sub-models), and (ii) 
sub-regional institutional framework for transboundary cooperation among the countries (socio-economic 
and environmental studies on water use, establishment of a consultation mechanism for the basin joint 
management). 
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4. West Bank Water Planning, Management and Analysis Tool under Uncertain Political 
Situation 
 
Loay Froukh, PhD, CE., Senior Water Consultant 
 
Summary 
The management of limited water resources in the West Bank is complicated by a political situation. In 
spite of the uncertain political situation, government agencies established under the Palestinian Authority 
have continued to plan for development of the water sector. 
 
The water issue is one of the difficult issues to be discussed and resolved in the final agreement. 
Palestinian Water Rights and Equitable Sharing of Regional Water Resources such as the Jordan River and 
Groundwater Basins are among the main issues that need an equitable solution. Although, an agreement 
on ownership of groundwater has been elusive, several hydrologic issues are clear. The demand for water 
greatly exceeds the available supply, and demand will increase if refugees are given the right of return to 
West Bank. The Israeli side stills the primary user of the groundwater basins within West Bank.  
 
Currently, the West Bank groundwater basins are almost depleted. If the current situation continues the 
Israeli side drills more wells to pump water for settlements and irrigational activities, and Palestinian side 
drills wells to meet high demand, the groundwater elevation will drop significantly. Groundwater 
elevations will continue to drop if the drought conditions continued. The pumping costs will increase with 
decline in groundwater elevation. In addition to the quantity issues, the quality of water is emerging as a 
critical issue. Threats to groundwater quality include disposal of untreated wastewater, increasing salinity 
due to agricultural activities and intrusion of native groundwater of poor quality. Widespread use of 
herbicides and pesticides also represent a threat to drinking water supplies. 
 
As part of integrated water resources management planning efforts, the West Bank Water Management 
Analysis Tool was created by the Palestinian Water Authority to evaluate the effectiveness and viability of 
a range of water management approaches. The tool integrates demand projections, hydrologic data and 
development actions in an interactive environment where users can develop and evaluate water 
management scenarios in terms of their ability to meet forecasted demand and the overall cost of 
implementation. Social and environmental impacts of the scenarios can also be inferred from the analysis.  
 
Scenarios were developed for three general approaches to water management (development) in the West 
Bank: internal water resources development; external resources development and demand management. 
Comparative analysis of these scenarios demonstrates the urgency of the present water crisis and identifies 
immediate water management actions for the West Bank common to all scenarios. The analysis also 
elaborates the limits of internal resource development and demand management and indicates the 
potential need for development of external resources over the long-term. 
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5. Uncertainty and Power Asymmetry: Enabling Factors of Poor or Effective Transboundary 
Groundwater Governance 
 
Mark Zeitoun, Centre for Environmental Policy and Governance, London School of Economics and Political Science 
 
This paper explores two under-examined features influencing transboundary aquifer governance: a) the 
uncertainty regarding their physical characteristics and low visibility, which make them particularly 
susceptible to political manipulation, and b) the cross-border power asymmetry that locks-in otherwise 
unsustainable outcomes. A further distinction is made between fossil and renewable aquifers, with analysis 
applied to resources shared by Palestine - Israel, and Jordan - Saudi Arabia. 
 
With attention concentrated on the level of the Lake of Tiberias, for example, drops in groundwater in the 
Western Aquifer Basin go un-noticed. Israeli groundwater abstractions routinely exceed the aquifer’s 
sustainable limits, and dwarf Palestinian abstractions. The ‘race to the bottom’ of the Disi aquifer between 
Saudi Arabia and Jordan also occurs out of sight. The competition precludes optimal water use, with crops 
in the desert irrigated with non-renewable fossil water. Power asymmetry prevents Jordan from executing 
its plans to pump the water for drinking purposes to Amman. The paper concludes that while they 
discourage sustainable cooperative efforts in the cases examined, both uncertainty and power asymmetry 
are enabling (not determining) factors. Under enlightened political leadership, they may in fact lead to 
more effective transboundary water governance. 
 

 
  



20 
 

6. EMPOWERS Approach to Water Governance 
 
Charles Batchelor 
 
Water is an increasingly contested resource in the MENA region. There is widespread agreement on the 
need to improve the management of water resources and the provision of water-related services if the 
needs of current and future generations are to be met in a sustainable and equitable manner and if the 
environment is to be protected. There is also general agreement about the need to improve governance – 
i.e. the process of making and implementing decisions about water. 
 
The EMPOWERS guidelines are based on a project cycle management framework and thirty-two 
associated methods and tools that can be used by water professionals and practitioners to improve water 
governance. Although many components of the approach are tried and tested, others are more innovative 
especially those that have been adapted from the business sector. The guidelines advocate a process of 
collaboration through dialogue that aims to bring about a change in the way that water sector 
professionals and water users work with each other. The guidelines also advocate an approach to 
developing adaptable water management strategies that uses scenario building as an integral part of 
strategy development and planning processes. The aim being to take implicit account of uncertainty and 
external factors, often from outside the water sector, that can have a big impact on the success or failure 
of strategies and plans. 
 
English and Arabic versions of the guidelines and other outputs the EMPOWERS Project can be 
downloaded from www.empowers.info. 
 
  



21 
 

7. Community Based Water Management Project (CWMP) 
 
Dr. Taha Taher, Water & Environment Center - Sana'a University, Yemen 
 
Concept 
The development of replicable models of community groups and associations to manage collectively and 
sustainably their groundwater resources and sustain better income. The objectives are, therefore 
summarized as follow. 

1. To enable Water Users Associations (WUAs) both men and women to develop management 
plans. 

2. To build up an economic derive for the communities for better livelihood. 
3. To explore the scope for local regulations of groundwater. 

 
Methodology 
The approach developed is covered through three levels: 

1. Building up the capacity of the local communities by organizing them into Water Users Groups 
(WUGs) both men and women utilizing social mobilization tools. 

2. Building up the capacities of the WUAs to develop local management plans. 
3. Implementing the local management plans by WUAs. 

 
Lesson learned 

1. Local communities are ready to take the lead when they have the chance 
2. The enthusiasm and willingness of the communities to work collectively, save precious non 

renewable water and adapt new technologies 
3. Communities own great deal of experiences and can provide logical solutions 
4. Traditional leaderships in the pilot areas differ from Shieks in Dhamar. educated people in Taiz 

and religious people in Hadhramout 
5. The communities think the government has a role on causing water scarcity by not providing the 

support and services and not implementing the Water Law 
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8. Delineation and Implementation of Water Resources Protection Zones in Jordan  
 
Ali Subah, Ariane Borgstedt, Armin Margane 
 
The delineation of the different water protection zones faced by technical difficulties, since zone 2 should 
principally be based on present-day groundwater contour maps and an estimation of the groundwater flow 
velocity. However, recent water level measurements are lacking. Therefore the groundwater contours have 
to be interpolated based on monitoring data of nearby wells. Due to these high uncertainties, sufficiently 
large safety margins are added in the delineation process. 
 
According to the guideline, MWI, WAJ (wells and springs) or JVA (dams) are responsible for the 
implementation of protection zone 1. The MWI in coordination with the Ministry of Environment is 
responsible to control/supervise protection zones 2 and 3 and will undertake the required measures 
according to existing regulations and laws. The MWI in coordination with the Ministry of Agriculture is 
responsible to control agricultural activities in protection zones 2 and 3. 
 
In 2006 the Environmental Rangers have been established as a special task force of the Ministry of 
Interior, with the goal to protect and conserve the Jordanian environment and increase the public 
awareness on environmental issues. The environmental rangers are part of the police force and have the 
right to prosecute criminal offences in the field of water and environment and are therefore a true means 
of enforcement. 
 
With regard to the acceptance of the proposed land use restrictions, it is very important to raise awareness 
on possible pollution and protection of water resources at different levels. 
 
Outlook 
Concerning the delineation of water resources protection zones, the BGR-MWI project focused on the 
most important resources which provide large amounts of water. However, there are still a large number 
of scattered wells which also need to be protected from pollution. With a limited number of staff, the 
MWI will not be able to conduct this task by its own but will have to contract out and supervise the 
delineation of protection zones so that universities and other scientific institutions will be integrated into 
the training program provided by the BGR-MWI project. 
  



23 
 

9. Pro-Aquifer: A Promising Example of Israeli-Palestinian Cooperation to Protect 
Transboundary Groundwater Resources from Pollution through Municipal Research, Training, 
and Guidelines 
 
Ladeene A. Freimuth, Friends of the Earth Middle East, Dr. Amjad Aliewi, Khaled Rajab, Najwan Imseih, 
House of Water and Environment, Amnon Saltman, Gidon Bromberg, Friends of the Earth Middle East 
 
The sewage of over two million people – Palestinians and Israelis – is discharged, largely untreated, 
ultimately threatening the Mountain Aquifer, which is a vital shared groundwater resource that provides 
high quality water for Palestinians and Israelis. If the Aquifer becomes contaminated, then the overall 
water situation will deteriorate and could exacerbate the political conflict. 
 
This "Pro-Aquifer" project, being conducted by Friends of the Earth Middle East (an Israeli-Palestinian-
Jordanian NGO) and the House of Water and Environment, a Palestinian NGO, applies an innovative 
approach to solving these pollution problems and encouraging cooperation between the two peoples.7 
Two pilot case study municipalities are selected, based on pollution sources, hydrological sensitivity, and 
other criteria. 
 
The project consists of:  
1. Conducting scientific and institutional research to better understand the factors that threaten the 

Aquifer;  
2. Providing specialized training courses for municipal staff on sewage treatment technologies, 

management techniques, and on Geographic Information Systems; and  
3. Developing policy guidelines for the two municipalities that will be extrapolated more broadly for 

Palestinian and Israeli municipalities 
 
This unique approach provides scientific and policy tools, training, and recommendations to the pilot 
municipalities to help alleviate groundwater contamination in a sustainable manner. It is replicable in other 
areas of conflict.  
 
  

                                                            
7 This project is funded by the European Union LIFE Third Countries Program and Green Cross France.  
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Seminar Poster Presentations 

1. A Hydro-economic Decision Support Model for Sustainable Management of Scarce 
Groundwater Resources 
 
Hamed Assaf, Ph.D., P.Eng., M.ASCE, Department of Civil and Environmental Engineering, American University of 
Beirut, Lebanon 
 
Water scarcity is a common concern of policy makers and the public alike across the MENA region. 
Countries of the region are faced with the dilemma of supporting vastly expanding populations with 
dwindling water supplies. The problem is exasperated by unsustainable water policies based on depleting 
fossil aquifers and overdrawing renewable stocks to support extensive and inefficient agricultural activities. 
 
An interactive decision support tool (DST) was developed to help stakeholders formulate and assess 
alternative policies for sustainable and efficient management of the Amman-Zarqa Aquifer, a vital water 
resource in water-impoverished Jordan. Through an intuitive graphical interface the user can manipulate 
different parameters including: selection of allocation policy among the municipal, industrial and 
agriculture sectors; water productivities; pumping fuel cost; discount rate; and planning horizon in 
addition to several other parameters. The user can observe the progress of several variables and states 
over the planning horizon including water levels, remaining stocks and net present values of water 
allocated to different sectors. Warning messages are displayed upon occurrence of potentially adverse 
conditions such as low water levels. The DST was developed based on groundwater and economic 
principles using the STELLA modelling environment. 
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2. Groundwater Management In Yemen  
 
Dr. Abdulla Noaman, Water and Environment Center at Sana'a University, Yemen 
 
Yemen is facing one of the most complex development problems and its most serious challenge, namely: 
the problem of water resources scarcity and over-exploited aquifers. As a result, the water shortage is 
worsening one year after another, agravated by the continued imbalance between annual recharge and the 
growing water demand.This water reality imposes on the country the challenge of reducing the existing 
unsustainable use of water resources through improved management and better planning for its rational 
utilization, and the challenge of providing safe drinking water and sanitation service to the great majority 
of urban and rural populations who still lack such services. 
 
Groundwater has played a key role in responding to demand for water and will continue to be one of the 
dominant sources of Yemen bulk water. Its use has been essential for meeting water demands and 
household food security. In addition to being a regular source of water under normal climatic conditions it 
plays a critical role in food supply and livelihood security during dry periods, in view of its ability to act as 
a buffer against drought and precipitation variability. 
 
Due to the rapid population growth, renewable water resources per capita have decreased from about 250 
m3 to about 130 m3 (1980 – 2000), and are expected to decrease further to about 80 m3 in 2015. Over the 
same time span, the MENA regional average also decreased from about 1700 m3 to 1000 m3 (1980-1997) 
and is expected to decrease to about 700 m3 in 2015 (Table 1). 
 
Table 1: Renewable Water Resources Per Capita (m3/capita/year) Source: WB, Data base 

015 2000 1980 Country Name 

735  966 1,424  Egypt, 
128  198 396  Jordan  
830  1,088 1,531  Morocco  
7,142  6,998 7,069  Portugal  
69  120 257  Saudi Arabia  
82  130 246  Yemen, Rep.  
742  1,045 1,678  MENA  
6,831  8,336 10,951  World  

 
Table 2 lists the proposed solutions according to the principal problem each might resolve - but of course 
water flows, and each action may have some impact on all three problems.  
 
This paper includes a review of the available groundwater data; current groundwater development; and a 
discussion of possible groundwater management measures. It will provide an overview of the experience 
gained in Yemen and elsewhere and of the constraints facing groundwater management. It will presents 
the future prospects and needs in light of this experience and propose key strategic options for lifting the 
issues and constraints identified and fulfilling the needs. 
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Table 2: Summary of Proposed Solutions 
Problem Macro Solutions Sector Management 

Solutions 
Longer Term 
Agenda 

Local Level 
Solutions 

Groundwater 
Mining  

Move to efficiency 
pricing for water  
National debate  
Act on qat  
Reorient public  
expenditures 

Regional planning  
Try regulation  
Water conservation  
programs for  
agriculture 

Capacity building  
Policy and strategy  
Water law  
Long Term  
Perspectives Study 

Community 
partnership 

Cities are short 
of water  

 Regional planning  
Water markets  

  

Limited access to 
potable water 

 Urban water sector 
restructuring  
Promote local private 
supply  
Action plan for rural 
water supply 
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3. A regional approach for the management of transboundary groundwater aquifers: The case 
of the North Western Sahara Aquifer System  
 
Mounir Belloumi, Associate Professor of Economics, Institute of High Commercial Studies, Tunisia 
 
The North-West Sahara Aquifer System (NWSAS) is one of the largest groundwater systems of the world. 
It is a transboundary aquifer system between Algeria, Libya and Tunisia. Present day recharge is 
approximately 30 m3/s while the total abstraction is being 80 m3/s.  
 
The question is therefore how to exploit the system in a sustainable way, ensuring the best development 
for the region, without at the same time risking the irreparable and irreversible deterioration of the system. 
The three countries concerned with the future of the system have to come together and find a way to 
jointly manage the NWSAS and undertook a joint study of the system under the supervision of the 
Observatoire du Sahara et du Sahel (OSS). The achieved results of this study was an improved knowledge 
of the basin’s hydrogeology, which could lead to the establishment of a common data base between the 
three countries serving as an exchange information tool, and the design of a model simulating the 
hydrodynamic behaviour of the aquifer system and making it possible to forecast the impact of 
abstraction. The results of this study have been enlightening for the decision-makers of the three 
countries. 
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4. Innovative approaches proposals for the management of the Disi fossil aquifer shared 
between Jordan and Saudi Arabia 
 
Francesca Greco, Consultant, Italy 
 
The innovations proposed for this case study cannot be considered as “ truly innovative ideas ” but at 
the same time they are somehow pioneering because they are very “difficult to obtain” under the given 
political context. 
 
Innovations proposed: the Disi case could be managed in an easier way if it was only possible to put 
in practice the following actions: 
 

• Transparent data, sharing data 
• Sharing water between two countries equitably  
• Sharing water among the jordan population equitably 

 
Transparent data, sharing data: Disi plays an important role in the national water discourse being 
presented as the best solution to water shortage in the country. For this reason data given by the press 
about the duration of Disi are very controversial. A transparent use of data and a better information about 
the controversial aspect of the project both within Jordan and between Jordan and Saudi Arabia, could 
solve the uncertainty about the project once and for all. 
 
Sharing water among the same population equitably: Move the population instead of moving the 
water. This is the solution suggested by some expert in Jordan supporting the idea that Disi water could be 
used for the development of the South reducing in that way both the cost of the water transfer and the 
environmental and social cost of the over urbanization of Amman area. 
 
Sharing water between two countries equitably; the unclear relationship with Saudi Arabia would be 
solved by showing each country’s exploitation of the Disi and setting up a fair agreement between the two 
countries. 
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5. Coastal carbonate aquifers in the Levantine countries require a great care and specific 
management of their groundwater resources. 
 
Michel Bakalowicz (1) (2), Walid Daher (1) (2), Jean-Pierre Delhomme (3), Angeline Kneppers (3) and Wajdi 
Najem (2) 
(1) HydroSciences Montpellier (2) CREEN – ESIB, université St Joseph de Beyrouth (3) Schlumberger Water 
Services 
 
Along the Levantine coast, essentially Syria and Lebanon, the main water resource is groundwater in 
large carbonate aquifers. Considering the particular conditions driving the evolution of carbonate rocks 
all around the Mediterranean, all these aquifers are karstified at great depth below the present sea level. 
This situation leads to the following main phenomena: 

• the natural seawater intrusion, sometimes far from the coast 
• the groundwater discharge at submarine springs, permanent or seasonal, at depth up to 70 m 

below sea level 
 
These phenomena are driven first by the relationship between the head of groundwater in the karst 
conduits connected to the sea and the opposite head by the sea water level and the difference in 
density between the two water bodies. This relationship varies seasonally in intensity, so that brackish 
water may discharge at submarine or coastal springs. 
 
The man activities developing in the coastal areas put particularly the pressure on coastal groundwater, 
what may modify permanently or seasonally the situation. For instance the sea water intrusion 
progressed by a few kilometres at south of Beirut, or may occur locally or momentarily, as it is 
observed in the Chekka aquifer, North Lebanon.  
 
The increase in water demand jeopardizes these abundant and unique resources. Different ways of 
exploitation are suggested. First of all, the direct exploitation of the submarine discharge is often 
pointed out. Our recent studies show that this is generally a unrealistic solution, because either the 
actual discharge is much lower than claimed in the literature, or the groundwater quality is not suitable 
for water supply. Pumping from on-shore wells requires a good knowledge of the aquifer structure and 
functioning, linked with a appropriate control network for controlling the sea water intrusion. 
 
From our experience the sustainable exploitation of the coastal karst aquifers is possible by combining 
a strict control of withdrawals, organised in a plan adapted to the aquifer characteristics, for example 
by integrating brackish water exploitation for desalination plants, a management of the recharge, by 
controlling and recycling the surface runoff of urbanised areas normally preventing the infiltration, and 
by using artificial or controlled recharge in order to maintain the sea water intrusion in acceptable 
limits. This pro-active groundwater resource management requires a detailed knowledge of the aquifer 
and of its relationship with the sea. 
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6. Constructed wetlands – a sustainable solution for the water pollution in the Litani River 
basin 
 
Rami Harfouch and Nadine Badaro 
 
The pollution of the surface and groundwater in the Bekaa valley (Lebanon) has become a priority issue 
for the local population in the last decade. Water sampling campaigns, are showing the contamination of 
aquifers in many locations with coli-forms and nitrates, bringing them below drinking water standards. 
The contamination is a result of uncontrolled wastewater discharges and of irrigation practices. 
 
The Lebanese government is tackling the problem with a plan to build wastewater treatment plants and 
sewer networks throughout the Bekaa. But the plan, when completely executed, will leave 15% of the 
Bekaa population outside the collection network. 
 
Small and remote municipalities in the Bekaa should consider constructed wetlands as an economical and 
sustainable solution for wastewater treatment. The process consists of filling a parcel of land with water 
conductive gravel that allows underground, gravity driven, movement of water from an inlet to an outlet 
structure, the gravel matrix is planted with specific wetlands vegetation. The process allows a natural 
treatment for water. It has the advantage of requiring little maintenance costs, in comparison with a 
conventional wastewater treatment plant. 
 
Many factors contribute to making this process effective and safe in the Bekaa. The land is available at a 
relatively low cost and has a flat topography. The silty cover soil can reach a barrier layer low conductivity 
requirement with minor treatment without using any synthetic liner. Finally, wetlands are a natural 
ecosystem in the Bekaa valley. Constructed wetlands would help reintroduce the original ecosystem and 
habitats for native fauna and flora. A pilot project would be a good start to begin the trend. Source: 
Adapted from drawing by S.C. Reed, 2000. 
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7. Cooperation in Solving Groundwater Problems, Epistemic Community Addressing 
Groundwater Problems in the Euphrates-Tigris Region 
 
Ayman Abdulrahman Al Furat University, Syria and Faisal Rifai 
 
The proposed fields that ETIC seeks to achieve are sustainable socioeconomic development, riparian 
initiative promotion, planning and implementation of joint projects and improved prospects for 
cooperation. Examples from Syria on innovation in pollution control, alleviation of groundwater abuse 
and scope for cooperation are used to show prospects for regional approach to tackle groundwater 
problems. 
 
The watersheds of both the Euphrates and the Tigris are situated predominantly in the countries of 
Turkey, Syria, and Iraq. So far the three riparian countries have not reached a comprehensive agreement to 
ensure collaborative sustainable water management. This condition resulted in unilateral and country 
development projects. Each of the riparian countries has tended to develop its water use plans unilaterally, 
without regard to the needs of the others, the environment, or the actual capacity of the rivers. Although 
there have been some international efforts to coordinate projects for developing the rivers water, joint 
collaborative activities have never become a reality. 
 
A recorded continuous drop of the groundwater table in almost all regions is clearly indicating that the 
groundwater resources are already over-used on a country-wide level. 
 
Establishing a coordinated regional action in the Euphrates-Tigris Region may be a challenge.  

It is necessary for Iraq, Syria and Turkey to start cooperation to work within a framework of integrated 
programs and develop it by phases. The basis of the collaborative activities has to be based on scientific, 
socio-economic, legal, institutional and environmental principles in the management of transboundary 
surface water and groundwater. Groundwater issues are more complicated than surface water ones due to 
several reasons such as: aquifers are rarely homogenous and/or isotropic, so flow patterns can be 
complicated; transboundary aquifers are not well known to policy makers; hydrologists cannot predict 
reliable amounts of the shared ground waters in different countries as they can do with surface waters; and 
present international law have limited application in conditions concerning spatial flow of ground waters. 
 
The goal of ETIC is to promote dialogue and networking among stakeholders from water based 
development sectors, and foster implementation of collaborative activities in the E-T regions. 
 
ETIC may use national, regional, and international meetings and platforms to inform the relevant 
communities and the general public of the initiative. 
 
ETIC will identify immediate, medium-term, and long-term areas of research and implementation, design 
and implement training and visit programs, develop project profiles and may delegate professional 
consulting work in agreed areas. 
 
ETIC may use national, regional, and international meetings and platforms to inform the relevant 
communities and the general public of the initiative. 
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8. Sustainable Management of Groundwater Resources in Iraq 
 
Sadeq B. Jawad, Expert Hydro geologist, Ministry of Water Resources/ Iraq, Mukdad A. Al-Jabbari, Professor, 
University of Baghdad/ Iraq 
 
One of the primary national priorities is social sustainability which is tightly linked to sustainable natural 
resources. In an arid to semi arid country like Iraq, groundwater used for social development can hardly be 
described as a sustainable resource unless management is practiced as a national policy. To draw a road 
map for national management policy, proper assessment of the resources and their use ought to be 
available including country's main aquifers renewable and non renewable storages, aquifers storage and 
water quality surveillances, and methods for restoring aquifers storages after heavy drafts. 
 
Groundwater resources planner in Iraq is however faced with various types of limitations; in particular 
groundwater quality shows high variability even within one aquifer and therefore a shift of water suitability 
for the different uses. Furthermore, some of the main aquifers in the arid part of the country exhibit non 
renewable storage condition while others in the more humid parts have renewable storages. Fortunately, 
these variable conditions could visually be enhanced using a GIS system that may produce maps showing 
multi themes. These maps will be used to apply the following recommended set of rules of national 
priorities in a groundwater management policy road map. 

1. Renewable and non renewable groundwater resources suitable for drinking should be used to 
meet communal needs for that purpose as a priority. 

2. Renewable groundwater resources suitable for agriculture could be used conjunctively with 
surface water in river basins, or as supplementary irrigation in rain fed areas to the north and 
northwest of Iraq. 

3. Non renewable groundwater resources suitable for other purposes than human drinking, as in the 
case of the desert region, may be drafted in accordance with a strict plan that takes in account the 
stock reserve found in the major aquifers of the region. Since groundwater represents here the 
major water source for any activity, it is recommended that special attention should go to make 
water available for: domestic and range land animal resources and to future industrial needs that 
may appear in the region. Under the condition of uncertain water availability, no new agricultural 
communities should be encouraged to be established in this region. 

4. A well prepared program aiming at augmenting or restoring aquifers storages should go parallel to 
groundwater utilization plan, this may include: deep drilling to explore new aquifers, injection of 
treated water to restore the storage of aquifers used for agriculture, and harvesting of storm water 
for the purpose of artificially recharging      non renewable aquifers. 

5. Development of legislations and tools that aid authorities to enforce groundwater management 
measures. A tool which will be highly essential for the verification of a plan that maintains 
groundwater sustainability and enforce its measures would be the establishment of a nationwide 
groundwater monitoring system. 
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9. Optimal engineering design for dependable water and power generation in remote areas 
using renewable energies and intelligent automation.  

Socio-Economical Analysis for Integration of Renewable Energy Desalination Systems in Rural Areas 
 
Abdelkrim SADI*, Kamel MOHAMMEDI** * Centre de Développement des Energies Renouvelables, Algeria.  
** University M’Hamed Bougara, Boumerdes, Algeria, 
 
Water scarcity in rural MENA regions is one of major cause of desertification, which has to be 
understood as the degradation of land in arid and semi-arid regions and not as the expansion of 
existing deserts. This scourge is actually accentuated by the population exodus towards large 
agglomerations. 
 
The wide presence of underground brackish water in these rural zones is actually promoting the use of 
Autonomous Desalination Systems –ADS- run by renewable energies for producing fresh water. This 
technology appears to be an adequate solution for providing rural populations with save fresh water. 
Intensive research work is actually being undertaken including experimental pilot plants for providing 
reliable long-lasting systems able to integrate the rural environment in a sustainable manner. The 
‘Open-Gain’ EU funded project is an example. 
 
Fresh water points (as wells, fountains, rivers, springs…) have been the core of rural communities for 
centuries. The success of implementing such technology relies strongly on a proper analyses and 
consideration of social, economical and geographical conditions. The operation and management of 
the system and the water produced have to be adequately implemented in order to improve living 
conditions while preserving the cultural social values that kept steady and sustainable rural populations. 
Previous experiences have shown that development scheme did not bring the intended results but in 
contrary has negatively affected the stability of the society. 
 
As an example one can name the case of providing small villages with water distribution networks. 
Even though, initially the idea appears to be beneficial for the users, but it can have negative effect on 
the water resource by changing water consumption habits and by disappearing the gathering point of 
gender. 
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