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AN ABSTRACT OF THE DISSERTATION OF 

 

Rola Moh’d Tayseer Quba’a for Doctor of Philosophy 

 Major: Environmental and Water Resources  

  Engineering 

 

Title: A positive apportionment framework for water allocation in contested 

transboundary river basins: Energy as a catalyst along the Jordan River Basin 

 

The majority of transboundary water resources lack any form of cooperative 

management framework whose absence invariable causes adverse environmental and 

water stress within the basin. This situation applies to the Jordan River Basin (JRB), 

which is a transboundary river basin shared by Israel, Jordan, Lebanon, the Palestinian 

Authority and Syria. The JRB is facing severe environmental and water stress problems 

aggravated by factors such as water scarcity, political conflict, population growth and 

urbanization, and climate change. Though bilateral agreements exist among some of its 

riparians, the latter did not succeed at addressing the environmental and water scarcity 

problems faced within the JRB. To encourage comprehensive cooperation among the 

JRB riparian countries, a positive apportionment framework based on “beyond-the-

river” benefit sharing approach is explored. The creation of a shared vision of 

cooperation based on the framework could allow for an integrated transboundary water 

management to address the environmental and water scarcity problems. 

 

The study considers first water allocation according to international water law 

criteria. Previous water allocation plans for the JRB have invariably ignored the 

contribution of groundwater in the allocation process of shared water resources. As 

such, the study presented a first effort at examining the impact of groundwater on water 

allocation along the JRB. The sensitivity of allocation is quantified through the 

assessment of scenarios that use various weights to factors commonly advocated 

towards equitable water allocation. Groundwater resources were estimated at nearly 

40% of surface water (~514 MCM/year) confirming that its consideration provides a 

more realistic basis of the extent of perceived inequities in the case of the JRB. It 

becomes imperative for water agreements to improve groundwater characterization 

within a transboundary basin and develop a clear understanding of groundwater 

resources including potential lateral flows and interconnectedness among aquifers 

within the basin. Moreover, until a comprehensive database that all riparians agree upon 

is established (including groundwater resources), the results are better considered as 

indicative of the overall situation in the basin with water shares represented as 

percentage allocations to allow accommodating for potential changes that may occur to 

available natural water supplies due to the potential impacts of climate change. 

 

Given water scarcity concerns and the challenge associated with the lack of 

long-term spatio-temporal observations on surface and ground water resources and an 

inadequate understanding of changes related to increased groundwater pumping on the 

overall status of water resources, water storage within the riparian countries of the JRB, 
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forming the Levant region, was evaluated. Observational data from the Gravity 

Recovery And Climate Experiment (GRACE) were combined with data from the Global 

Land Data Assimilation System (GLDAS) Land Surface Models to assess the regional 

changes in water storage over time. The results showed that the Levant has been 

witnessing an overall drop in its total water storage at a rate of 10.640.48 mm/year. 

More than 90 percent of water losses were attributed to overexploitation of groundwater 

resources. Annual groundwater losses were estimated to exceed 40 percent of the total 

groundwater consumed in the region. Temporal changes in the total water storage 

support a constant loss rate over time rather than the occurrence of a dramatic shock to 

the system that followed the onset of the 2007 regional drought, which severely affected 

the wider Middle East region. The results emphasize the need to prioritize investments 

in new conventional and non-conventional water supply projects along with 

enhancements to water use efficiency particularly in the agricultural sector in an effort 

to reverse the groundwater storage losses. 

 

As water supply development initiatives were found to be a necessity for the 

case of the JRB, a comparative assessment of developmental initiatives to increase 

regional water supply in the JRB was applied using a Multi Criteria Decision Analysis 

(MCDA) technique with sensitivity analysis on criteria weights. The results indicate 

that the Red Sea-Dead Sea Conveyance (RSDSC) constitutes an optimal option within 

the context of alleviating water shortage and promoting regional cooperation. While a 

surface water pipeline from Turkey emerges as an attractive option when the quantity of 

delivered water is emphasized, the potential for out of basin water transfers are 

becoming increasingly less desirable with population growth, political turmoil in the 

region, development, and climate change challenges. 

 

The research also examined the impacts of management options on the water 

supply-demand balance at the JRB using remote sensing data and geographic 

information system (GIS) techniques to define current and potential land use that was 

coupled with water demand drivers within major users (municipal, industrial, and 

irrigation). The agricultural sector remains as the highest water user (at 46% of JRB 

water supply) although only ~10.5% of the basin’s area was identified as agricultural 

land of which only 30% are irrigated emphasizing the latent potential need for water. 

By 2050 municipal and industrial water demands alone can reach 44-55% and 5-6%, 

respectively from planned / expected water supply using both conventional and non-

conventional sources leaving the agricultural sector under a perpetual challenge of a 

water deficit that can exceed 22% of the irrigation demand depending on irrigated areas 

and adopted water management measures. The persistence of the status quo shows that 

conventional and non-conventional water supplies within the JRB can meet population 

growth and a 25% agricultural expansion in available irrigated areas. However, further 

agricultural expansion under the status quo, will cause will cause an inevitable 

breakdown in the basin’s water balance. Policies targeting the reducion of non-revenue 

water, particularly within the Arab riparian countries, would enhance the per capita 

consumption to reach 200 L/c/d while maintaining the municipal sector water demand 

at 54% of the JRB water supply. However, the agricultural sector presents more 

challenge to the JRB water balance requiring difficult decisions beyond improving 

irrigation efficiencies and crop types, including regulating expansion of irrigated 

agriculture and encouraging reuse of treated wastewater to bridge future gaps between 
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water supply and demand within the JRB. At the level of riparian countries, water 

shortages are already persistent due to mismanagement and existing water allocation 

patterns in the basin. 

 

Finally, the study argued for the new scheme of positive apportionment 

framework using the benefit-sharing to link cooperation over water with cooperation 

initiatives over renewable solar energy. To this end, a critical synthesis of the JRB 

characteristics in terms of water demands and allocations alongside competing riparians 

was presented with highlight of the complexities of determinants controlling socio-

political disagreements in the basin. This synthesis emphasized the futility of existing 

bilateral agreements with respect to water allocation and argues the potential of the 

energy paradigm in catalyzing a more lasting agreement based on mutual interest and 

benefit sharing beyond the river with third party involvement. The benefit sharing 

approach was, hence, advanced in the form of a positive apportionment framework with 

an AHP-SWOT (Analytic Hierarchy Process - Strengths, Weaknesses, Opportunities, 

and Threats) analysis. The results showed that external threats of political unrest 

witnessed throughout the region coupled with the potential lack of political support are 

the most challenging factors for the framework, while its chances for success stem 

mostly from its internal strength factors of riparians’ need to enhance water supplies and 

the opportunity for equalizing the bargaining power for all riparians to facilitate 

reaching an integrated transboundary river basin management plan. 

 

 

Keywords: Transboundary Water Management, Benefit-Sharing, Water-Energy 

Nexus, Jordan River Basin, Groundwater Resources, Groundwater Depletion, GRACE, 

GLDAS, Water Supply Development, Multiple Criteria Decision Analysis (MCDA), 

Simple Additive Weighting(SAW), Remote Sensing and Land Use Change, Water 

Supply and Demand Management 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Problem Statement and Research Objectives 

The management of transboundary rivers is invariably complex due to 

disagreements over water allocations and flows, riparian’s contribution to that flow, 

historic uses, and future demands associated with social, ecological, and economic 

needs of each riparian (Atalan, 2007). While transboundary river basins have often been 

implied as potential sources of conflict (Butts, 1997; Homer-Dixon, 1994; Gleick, 1993; 

Homer-Dixon 1991; Lipschutz, 1989; Westing, 1986; Gurr, 1985), an equal emphasis 

on the potential for cooperation through the co-management and co-development of 

such basins have been evolving (Bhagabati et al., 2014; Bhaduri and Liebe, 2013; 

MacQuarrie et al., 2008; UN Water, 2008; Dinar, 2008; Uitto and Duda, 2002; Wolf, 

1998; Gleick, 1993; Rogers, 1993). In the latter context, the accumulating tensions over 

shared water resources would eventually compel riparians towards negotiation and 

adoption of some form of cooperation (MacQuarrie et al., 2008). With the increase in 

global water demand, cooperation is becoming imperative for achieving improved 

transboundary water management (TWM) which is an intricate process that varies from 

basin to basin and what works in one geographical or political setting may not be 

suitable for another (UN Water, 2008). Still, a general framework for TWM revolves 

around several pillars entrenched in a vision of cooperation, river basin organizations 

and actions programs, information sharing, third party support, and stakeholders’ 

involvement (Figure ‎1.1). 
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Figure ‎1.1. Integral components of transboundary water management 

 

In the Middle East and North Africa (MENA) region, around 60 percent of 

water resources are transboundary (Arab Water Academy, 2009). The Middle East in 

particular is a semi-arid to arid region known to suffer from scarce water resources, high 

population growth, and political instability. Under such conditions, crises over shared 

water resources are often foreseen as an increasing risk for international controversies, 

political disputes, and even militarized conflicts (Yetim, 2003; Falkenmark, 1989). For 

example, Drake (1997) states that “water was one of the underlying causes of the 1967 

Arab-Israeli war and continues to be a stumbling block in the search for peace in the 

region”. Others argue that land (not water) is the core issue of the conflict in the Middle 

East (Dolatyar and Gray, 2000), with water potentially becoming a catalyst for regional 

cooperation rather than conflict (Atwi and Choliz, 2011; Sabel, 2009). 
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To date, water conflicts in the Middle East persist in various basins: the 

Euphrates-Tigris, the Nile, the Orontes, and the Jordan River Basin (El-Fadel and El-

Fadl, 2005). Among those, the Jordan River Basin (JRB), which is the smallest in area, 

is perhaps the most intricate and politically sensitive due to the historic Arab-Israeli 

conflict (Dolatyar and Gray, 2000; Drake, 1997). The Basin is geographically shared by 

five riparians: Israel, Jordan, Lebanon, the Palestinian Authority, and Syria. These 

riparians face varying degrees of water scarcity, which is expected to worsen with the 

increase in water demand brought about by continued population and economic growth 

accompanied by urbanization and exacerbated by potential climate change impacts (El-

Fadel et al., 2010). In fact, global circulation models have projected an increase in 

temperature and decrease in precipitation for the region as a whole (Mitchell et al., 

2004); consequently water demand is expected to increase while available water 

supplies decrease (Hoff et al., 2011). This harsh hydrological setting is further 

complicated by the Arab-Israeli political conflict, which continues to be one of the most 

deep-rooted ongoing struggles involving territorial disputes and issues of national 

identity and security (Libiszewski, 1997). These aggravating factors are illustrated in 

Figure ‎1.2. 
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Figure ‎1.2. Factors aggravating the Jordan River Basin water conflict 

 

In the 1950s, several management plans were proposed towards a formal 

agreement over the utilization of surface water resources in the JRB including the Main 

Plan (1953), Cotton Plan (1954), Arab Plan (1954), and Johnston Plan (1955). These 

plans were based on the use of regional surface water resources for irrigation in 

particular. At the time, the production of crops was considered to constitute the primary 

user of water in the region (Phillips et al., 2007b; Kliot, 1993). Evidently, this approach 

is not in line with today’s principles of water allocation that aim to achieve a better 

understanding of the value of water and the demands of water users. Irrespective, no 

final agreement was reached over any of these plans and, during the past 60 years, 

riparian countries proceeded with developing water projects unilaterally within their 

own boundaries leading to an unsustainable pattern of use (Gunkel and Lange, 2012; 

Mimi and Sawalhi, 2003; Rowley, 1993; Al-Kloub and Abu-Taleb, 1998). As a result, 
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the current rates of surface water usage is perceived to reflect an asymmetry in water 

allocation among riparians, whereby Israel appears as the greatest user at ~59 percent of 

the total JRB surface water, followed by Jordan at ~21 percent, Syria at ~19 percent, 

Lebanon at ~1 percent, and the Palestinians at no share. 

Geographically, Israel covers 9-10 percent of the basin, whereas Jordan and 

Syria have 39-41 and 37 percent, respectively. Lebanon covers 3-4 percent of the basin 

area and the Palestinian Authority 8-12 percent (Mimi and Sawalhi, 2003; Phillips et 

al., 2007b). Similarly, Israel contributes to ~4 percent of the basin’s population whereas 

Jordan and Syria contribute ~71 and 18 percent, respectively (UN-ESCWA and BGR, 

2013). Those numbers reflect the disproportionate use of surface water within the basin, 

whereby countries that have the largest basin area or have the highest population living 

within the basin are not those that have the highest share of the basin’s surface water. 

To date, no comprehensive water agreement encompassing all five riparians 

have been reached to regulate the use and allocation of the basin’s waters. Only Israel 

and Jordan have signed a water agreement as part of their peace treaty. While the 

Israelis and Palestinians have made some past progress in peace negotiations, they have 

yet to agree on water allocation. At the international stage, there is no legally binding 

water law that can force countries to share water resources, since the 1997 United 

Nations Water Convention still lacks enforcement mechanisms. Thus, an agreement on 

transboundary water resources in any particular basin continues to depend upon the 

mutual understanding of co-riparians (Zeitoun et al., 2012). 

These facts (intensification of water scarcity, environmental stresses, 

disproportionate allocation of water, and lack of comprehensive agreement) imply that 

the JRB water conflict, which dates back to the late 1940s, persists and may evolve 
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further in the future on both the water security and the political levels (Gunkel and 

Lange, 2012). 

The proposed research aims at addressing the problem of water scarcity and 

environmental stresses faced by the JRB through exploring means to initiate a 

comprehensive cooperation among all riparians towards integrated river basin 

management. For this purpose, a critical review of the JRB water conflict is conducted 

and a win-win framework is developed with energy-based incentives argued to 

overcome the contentious issues among the riparian countries and serve as a catalyst for 

cooperation given the strong and well-established interrelation between water and 

energy. This is followed by an understanding of reasonable water allocations according 

to international water law and the riparians potential conflicting perspectives regarding 

such allocations. Finally, the status of water storage change and the potential proposed 

regional water supply development projects are evaluated, along to the within basin land 

use changes and potentials of future water balance for the JRB. 

 

1.2 Learned Outcomes and Identified Gaps for the JRB 

A review of previous JRB water reallocation and conflict resolution efforts 

(presented in Annex 1) identified observations and gaps regarding conflict resolution 

and management frameworks for the JRB that have equally been corroborated in many 

studies (SIWI, 2011; Meisen and Tatum, 2011; Assaf, 2007; Phillips et al., 2007a; 

Levner, 2006; GLOWA Jordan River Project -www.glowa-jordan-river.com; Keyzer et 

al., 2004; Mimi and Sawalhi, 2003; Fisher, 2002; Fisher et al., 2002; Sawalhi et al., 

2001): 

 

http://www.siwi.org/documents/Resources/Reports/Transboundary_Waters_Report_29_web.pdf
http://www.glowa-jordan-river.com/
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 Addressing the JRB water scarcity and environmental stresses requires an 

adjustment to the current patterns of water use. 

 Involving all the basin riparians is imperative for constructing effective 

cooperation over transboundary water management. 

 Although there are calls to use economic-based arguments for the 

reallocation of JRB water resources, water has non-economic uses (e.g., 

health, biodiversity) and multiple stakeholder interests that need to be 

considered as well. 

 The market for water rights cannot function properly until the issue of 

property rights is established based on the concepts of international water 

law. 

 A fully developed and coherent database for the entire JRB should be shared. 

The data sharing could be achieved through a permanent official body for 

regional water management. It is also critical that the data be officially 

approved to obtain agreement of involved parties over disseminated results. 

 The agricultural sector remains the greatest consumer of water in the region 

and is significant to society in terms of food security and employment but 

less so in terms of GDP contribution. 

 There is a need to consider water quality and the potential impacts of water 

pollution on water resources and ecosystem services. 

 There is a need to consider the potential climate change impacts on the 

seasonality and spatial aspects of water allocations. 

 Within-basin demands should be given precedence over out-of-basin 

transfers. 
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 There is a need for water demand management measures within the JRB. 

 Agreements that lead to zero-sum games are non-effective with a need for 

measures that lead to attractive win-win or positive-sum arrangements. 

 “New Water” from water supply development projects such as desalination 

of seawater should be an integral part of any solution. 

 The study by Phillips et al. (2007a) indicated that “Israeli settlers present in 

areas such as the Golan Heights and the West Bank of Palestine have not 

been included in the analysis” in an attempt to keep up with international 

principles on the legality of such settlements and their use of water 

resources. This also raises issues of water rights for Palestinian refugees out 

of Palestinian territories and whose right of return remains pending the final 

settlement talks between Israelis and Palestinians. 

 It is important to consider riparian preferences and stakeholders involvement 

in the conflict resolution process. 

 Potential conflict resolution efforts need to incorporate innovative measures 

on technical and policy levels with a major contribution role played by third 

parties and/or international institutions as moderators of the cooperation 

process. 

 It is possible to consider linkages between cooperation over regional energy 

and transboundary water management within a framework of benefit-

sharing. 

 There is no clear understanding and estimation of groundwater resources 

within the JRB and groundwater resources have not been accounted for as 

part of previous water allocation efforts. It is believed that groundwater 
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resources are a significant source of water within the JRB and studies need to 

account for it. 

 

As most of available studies for allocation of JRB waters have significant 

limitations in one of those areas, it is reasonable to conclude that there is still a need for 

a framework that revisits the JRB TWM with considerations to some of the issues 

outlined above. 

 

1.3 Research Significance 

The significance of this research hinges around three aspects. First, the 

utilization of satellite imagery and observation data for the detection of changes in land 

use within the JRB as a whole and water storage within the riparians of the JRB and its 

implication on water demand within the basin. The use of Landsat images for land use 

classification within the basin and satellite observational data for interpretation of 

changes in water storage within the basin’s riparians have never been applied before to 

the JRB and constitutes an opportunity for filling data gaps and presenting unbiased 

water demand assessments. Such results are the first to be presented in the case of the 

JRB and its riparians and are considered to be of sufficient resolution for purposes of 

water management when formal water allocation rights (surface and ground water) are 

absent and hydrologic data are scarce (Voss et al., 2013). 

Second, the development of a win-win framework in which riparians stand to 

benefit from cooperation over transboundary water management. A cooperation 

framework based on “new water” in a positive-sum approach and encompassing all 

riparians was proposed by Phillips et al. (2007a). In this study, we argue the need for 
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exploring an additional or new catalyst, such as energy, for cooperation over 

transboundary water management. The introduction of such a catalyst can be significant 

for tackling the political aspects as international river basin conflicts are rarely resolved 

without having well-suited incentives that can induce political will for cooperation 

(Teasley and McKinney, 2011; Wu and Whittington, 2006). 

A third important aspect of this research targets the compilation of information 

about groundwater resources available within the JRB boundary in an effort to include 

groundwater utilization by each riparian country within the overall water balance. Such 

an effort has not been attempted or reported for the JRB as a whole. 

 

1.4 Research Approach 

The research scope of work was achieved in subsequent stages (Figure ‎1.3) 

starting with the tackling of the major data gap on groundwater resources and the 

definition of reasonable water shares based on international water law criteria. This was 

followed by the use of satellite imagery and observational data for assessing changes in 

land use and water storage within the basin, the ranking of proposed regional water 

supply development concepts and evaluation of the JRB future water supply-demand 

balance, and ending with arguing for energy as a catalyst to integrate the outcomes into 

a win-win framework for conflict management based on a benefit-sharing mechanism 

beyond the basin. Factors influencing the success of the framework were identified and 

ranked using the AHP-SWOT (Analytic Hierarchy Process-Strengths, Weaknesses, 

Opportunities, and Threats) analysis. 
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Figure ‎1.3. Work flow of research steps 

 

1.5 Research Output 

The convergence of the tasks and their outputs towards the framework is 

illustrated in Figure ‎1.4 that indicates how the main limiting factors causing the 

deadlock in the JRB water conflict were evaluated to derive and discuss the framework 

and its main pillars towards creating incentives for cooperation and contributing in 

resolving this transboundary water conflict. 
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Figure ‎1.4. Interconnectedness between outputs of research activities 
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Besides this introductory chapter, which was used to introduce the research 

objectives, this dissertation is structured into five papers (Table ‎1.1) and two additional 

chapters that present the research limitations and its main conclusions and 

recommendations. 

Table ‎1.1. Series of scientific journal papers based on the research work 

No. Paper Title Brief Description Status 

1. The Role of 

Groundwater in Water 

Allocation along 

Transboundary Rivers 

The paper discusses the potential water allocations according 

to the criteria adopted by the United Nations Convention on 

the Law of the Non-Navigational Uses of International Water 

Courses coupled with a sensitivity analysis to these criteria 

based on considering surface and ground water resources 

available within the JRB. For this purpose, the paper also 

estimates the groundwater resources of the JRB based on 

reported the reported safe yields of aquifers available within 

the boundaries of the JRB and the surface area of their 

respective catchments lying within the JRB. 

Draft prepared 

2. Depletion of 

groundwater storage 

within the Levant 

Region 

Presents the results of using observational data from the 

Gravity Recovery And Climate Experiment (GRACE), 

combined with data from the Global Land Data Assimilation 

System (GLDAS) Land Surface Models, to assess changes in 

total and ground water storage over time within the riparian 

countries of the JRB. The results helped in framing what type 

of investments in new conventional and non-conventional 

water supply projects along with enhancements to water use 

efficiency particularly in the agricultural sector. 

Paper ready and 

looking for 

potential journal for 

publication 

3. Comparative 

assessment of joint 

water development 

initiatives in the 

Jordan River Basin 

Presents the results of the comparative synthesis of proposed 

water supply developmental initiatives using a Multi Criteria 

Decision Analysis - Simple Additive Weighting (MCDA-

SAW) technique with sensitivity analysis to criteria weights. 

International 

Journal for River 

Basin Management 

Vol. 15(1), pp. 115-

131, 20 September 

2016 

4. The perpetual 

challenge of balancing 

water use in arid 

regions under scarcity 

and adversity 

Presents outcomes of JRB land use classification using 

Landsat images over a study period covering 1990 to 2014 

with the aim of deducing irrigated areas within the basin. It 

then uses scenario analysis to understand the impact of 

selected water management options such enhancing irrigation 

efficiency, augmenting water supplies, and others on the 

future water balance trends within the JRB. 

Draft prepared 

5. Benefit-sharing under 

a Positive 

Apportionment 

Framework Towards 

Enhancing 

Cooperation along the 

Jordan River Basin 

The paper starts by presenting a critical review of the Jordan 

River Basin water conflict by describing the basin hydrology, 

the characteristics of competing riparians, and outlining 

previous water allocation plans and existing agreements 

while highlighting the complexities of the basin. It then 

discusses benefit-sharing beyond the river as an approach for 

creating economic incentives for cooperation of concerned 

parties towards conflict resolution and applies this concept to 

the JRB by using the water-energy nexus to create the needed 

incentives. Moreover, it presents the AHP-SWOT analysis 

for factors influencing this win-win framework. 

Draft prepared 
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CHAPTER 2 

THE ROLE OF GROUNDWATER IN WATER ALLOCATION 

ALONG THE JORDAN RIVER BASIN 

 

2.1 Introduction 

Worldwide, there are 263 transboundary river and lake basins accounting for 

around 60 percent of the global freshwater (UN Water, 2008). Of those, around 60 

percent lack any type of cooperative management framework (WWDR4, 2012). In this 

context, the management of transboundary rivers is often complex due to disagreements 

over water allocations, water flows, riparian’s contribution to that flow, historic uses, 

and future demands associated with social, ecological, and economic needs of each 

riparian (Atalan, 2007). One approach for defining transboundary water rights is by 

relying on criteria advocated in international water laws (Table ‎2.1) regulating the use 

of transboundary water under the principle of reasonable and equitable sharing among 

riparians (Wolf, 2007). 

 

Table ‎2.1. Criteria for reasonable and equitable water sharing  

(source: UN, 2014; Salman, 2007; Levner, 2006) 

Criteria Definition 

F1 Geography of the basin, including the extent of the drainage area in the territory of each riparian. 

F2 Hydrology of the basin, including in particular the contribution of water by each riparian. 

F3 Climate affecting the basin. 

F4 Existing and potential utilization of the waters of the basin. 

F5 Economic needs of each riparian. 

F6 Social needs of each riparian. 

F7 Population dependent on the waters of the basin in each basin state. 

F8 Costs of alternative means of satisfying the water needs of riparians. 

F9 Availability of other water resources in the basin. 

F10 Degree to which the needs of a riparian may be satisfied without causing appreciable harm and 

substantial injury to a co- riparian. 
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While the criteria apply equally to groundwater aquifers that connect 

hydrologically to surface water (Rieu-Clarke et al., 2012), groundwater has often been 

neglected in water allocation schemes. In this context, the Jordan River Basin (JRB)
1
 

represents a case in point where historically several water allocation plans were 

proposed since the 1950s, towards realizing a formal agreement over the utilization of 

water resources (see Annex 2). These plans considered only surface water resources and 

targeted mostly agricultural development (Phillips et al., 2007a; Kliot, 1993). More 

recent studies that examined water allocation based on international water law criteria 

(Table ‎2.1) and integrated water resources management (IWRM) equally considered 

only surface water resources (Levner, 2006; Mimi and Sawalhi, 2003; Sawalhi et al., 

2001). Evidently, this approach will invariably result in distortions in actual water 

allocation and potential perceived inequities amongst riparians. In reality, groundwater 

resources within the basin are believed to play an important yet understudied role. 

Hence, this study examines for the first time the undisclosed influence of groundwater 

resources on water allocation within the JRB and accordingly, develops a water 

allocation scheme using international water law criteria coupled with a sensitivity 

analysis reflecting riparians reported perspectives on water allocation. The study 

outlines the approach adopted for estimating the groundwater resources of the JRB and 

quantifying the international water law factors with respect to the JRB under two 

situations: 1) accounting for surface water only, and 2) accounting for both surface and 

groundwater resources. We apply scenarios for factors’ weights to define water 

allocation schemes. A scenario analysis was conducted by varying factors’ weights to 

define water allocation schemes. The results are then discussed in terms of significant 

                                                 
1
 Israel, Jordan, Lebanon, Palestinian Authority, and Syria. 
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criteria for enhancing allocation shares for each riparian, and evaluating the impact of 

accounting for groundwater resources on the allocation. The discussion also compares 

current allocation pattern with previously proposed plans, and introduces viewpoints 

that riparians may adopt when arguing respective shares. 

 

2.2 Methodology 

2.2.1 JRB Groundwater Resources 

In the absence of established quantification of groundwater resources for the 

JRB, the study presents a first attempt at deriving an estimate of available safe yields 

based on literature reported information. For this purpose, several assumptions were 

adopted: 1) aquifers are disconnected to eliminate the effect of lateral flows and 

considering no groundwater is crossing political borders; 2) the groundwater safe yield 

considered as part of the JRB mimics the percentage of an aquifer’s surface catchment 

area falling within the basin’s boundaries. This implies that the proportion of an 

aquifer’s safe yield belonging to the basin is assumed to be proportional to the 

percentage of the aquifer’s surface catchment area available within the basin’s 

boundaries. As such, aquifers within the basin’s boundaries were identified along with 

their reported annual safe yields. The percentage of the surface catchment area of each 

aquifer was then estimated using GIS delineated catchment boundaries (Figure ‎2.1). The 

groundwater safe yield of the basin is then estimated by summing the product of each 

aquifer safe yield by the percentage of the aquifer’s catchment area lying within the 

basin’s boundaries. 

This approach is associated with several limitations. First, interconnectedness 

may exist between aquifers and the approach cannot differentiate between water from 
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direct recharge over an aquifer’s surface catchment area or from lateral flows through 

other aquifers within or outside the basin. Second, groundwater safe yield proportion of 

the basin is estimated by area proportionality only, not by other criteria like population 

within the aquifer catchment. Third, part of the safe yield within an aquifer does not 

necessarily mimic the aquifer’s surface area. Though ascertainment of the source of 

water flows and the interconnectedness of aquifers is imperative, the adopted 

assumptions allow for having a preliminary estimate that could be indicative of the 

significance of groundwater safe yield within the basin given the available information. 

 

2.2.2 Quantification of International Water Law Factors 

The International water law factors (Table ‎2.1) were used to explore potential 

allocation scenarios whereby the factors were quantified (Table ‎2.2) in an effort to 

define water allocation schemes for the basin in two approaches: 1) considering only 

surface water resources; and 2) accounting for both surface and ground water resources. 

Adopting these two approaches influences the quantification of water flow (F2) and 

existing water utilization (F4). As such, these two factors were quantified twice. Once 

as F2(a) and F4(a) where water flows and water utilization considered only surface 

water resources, and the second time as F2(b) and F4(b) which are quantified based on 

groundwater resources estimate and utilization. For the first approach of allocating 

based on surface water resources, the F2(a) and F4(a) were used. For the second 

approach, the sum of F2(a & b) and the sum of F4(a & b) were used. 
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Table ‎2.2. Evaluation of the basin’s water allocation based on international law factors 

Factor Estimation Approach Reference Unit Israel Jordan Lebanon PA - West Bank Syria 

F1- Basin 

geographical area 

Average of riparian share of the total 

basin area reported by several 

references. Golan Heights area 

considered as part of Syrian territory 

SIDA, 2016 km2 2,032.3 6,764.0 740.0 1,879.5 6,640.3 

UN-ESCWA and BGR, 2013 km2 1,840.8 7,183.0 606.0 1,542.0 6,932.2 

Comair et al., 2012 km2 1,906.0 7,352.0 688.0 1,564.0 6,775.0 

Mimi and Sawalhi, 2003 km2 1,867.0 7,663.0 664.0 2,344.0 7,301.0 

Average km2 1,912 7,241 675 1,832 6,912 

Score % 10.3 39.0 3.6 9.9 37.2 

F2 (a)- Water flow 

considering surface 

water resources 

only 

(a) Total average annual riparians’ 

contribution to surface water discharge. 

SIDA, 2016 MCM/year 501.3 217.3 147.1 115.1 445.6 

AFIAL, 2014 MCM/year   120.0   

Average MCM/year 501.3 217.3 133.6 115.1 445.6 

Score % 35.5 15.4 9.5 8.1 31.5 

F2 (b)- Water flow 

considering ground 

water resources 

(b) Total average annual riparians’ 

contribution to groundwater resources. 

Golan Heights groundwater accounted 

for as contribution by Syria 

SIDA, 2016 MCM/year 57.3 126.5 36.9 129.1 285.5 

This study MCM/year 43.1 126.0 65.0 120.8 158.7 

Average MCM/year 50.2 126.3 51.0 125.0 222.1 

F2 (a & b)- Water 

flow for surface and 

ground water 

Estimated annual riparians’ contribution 

to surface and ground water by adding 

averages of F2(a) and F2(b) 

Total Average MCM/year 551.5 343.6 184.5 240.1 667.7 

Score % 27.8 17.3 9.3 12.1 33.6 

F3- Precipitation Average of annual rainfall over the 

riparian areas of the JRB. Precipitation 

over Golan Heights considered as 

Syrian. (Converted from mm/year to 

MCM/year by multiplying with the surface 

area) 

SIDA, 2016 MCM/year 984.8 1,900.3 380.7 714.0 2,062.5 

Mimi and Sawalhi, 2003 MCM/year 343.5 1,701.2 337.3 846.2 3,708.9 

Average MCM/year 664.2 1,800.7 359.0 780.1 2,885.7 

Score % 16.3 31.4 6.3 11.8 34.1 

F4 (a)- Existing 

surface water 

utilization 

Reported riparian water abstraction from 

the JRB surface water. Abstractions by 

Arabs within Golan Heights considered 

as part of the Syrian water consumption 

SIDA, 2016 MCM/year 607.3 243.2 5.9 5.3 181.9 

Zeitoun et al., 2012 MCM/year 531-781 290.0 8 to 11 0.0 219-279 

PWA, 2012 MCM/year 781.2 235.0 5.0 0.0 178.8 

AFIAL, 2014 MCM/year 577.2 135.0 3.7 0.0 183.8 

Mimi and Sawalhi, 2003 MCM/year 791.2 340.0 5.0 20.0 183.8 

UN-ESCWA and BGR, 2013 MCM/year 564-621  4.4   

Average MCM/year 656.9 248.6 6.1 5.1 204.3 

Score % 58.6 22.2 0.5 0.5 18.2 

F4 (b)- Existing 

groundwater 

utilization 

Estimated riparian groundwater 

abstraction from the JRB. Abstractions 

by Arabs within Golan Heights 

considered as Syrian water consumption 

SIDA, 2016 MCM/year 30.5 354.7 9.7 74.6 279.6 

UN-ESCWA and BGR, 2013 MCM/year   5.1   

AFIAL, 2014 MCM/year 87.8 240.0 4.4 109.0 290.2 

Average MCM/year 59.2 297.4 6.4 91.8 284.9 
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Factor Estimation Approach Reference Unit Israel Jordan Lebanon PA - West Bank Syria 

F4 (a&b)- Existing 

surface and ground 

water utilization 

Estimated riparian surface and 

groundwater abstraction by adding the 

average of F4(a) and F4(b) 

Total Average MCM/year 716.0 546.0 12.5 96.9 489.2 

Score % 38.5 29.3 0.7 5.2 26.3 

F5- Economic 

needs 

Represented as the national agricultural 

contribution towards GDP for 2010 and 

2011 

Agricultural GDP % 2.3 a 2.9 b 4.0 c 5.5 d 16.3 e 

Score % 7.4 9.4 12.9 17.7 52.6 

F6- Social needs Represented as the national agricultural 

workforce for 2007, 2008, 2011, and 

2012 

Agricultural workers % 1.6 
a
 2.0 

b
 7.2 

c
 11.9 

d
 17.0 

e
 

Score % 4.0 5.0 18.1 30.0 42.8 

F7- Within Basin 

population 

Country population living within the 

basin area as estimated by several 

references for time period between 2007 

and 2012. Arab Golan Heights residents 

accounted within Syrian population. 

SIDA, 2016 Number 1,092,886 4,852,716 69,376 735,280 1,207,388 

UN-ESCWA and BGR, 2013 Number 324,000 5,050,000 105,000 401,000 1,320,000 

Zeitoun et al., 2012 Number   135,000   

Average Number 708,443 4,951,358 103,125 568,140 1,263,694 

Score % 9.3 65.2 1.4 7.5 16.6 

F8- Costs of 

alternative water 

sources 

Alternative solutions were assumed to 

include mainly water desalination. 

Hence, scores for the economic burden 

incurred by the riparians to secure 

alternative sources of water were 

evaluated based on reported desalination 

costs for these countries. 

Cost of desalinated water USD/m3 0.65 f 1.34 g 0.65 h 1.11 g 0.92 i 

Score % 13.9 28.7 13.9 23.8 19.7 

F9- Availability of 

other water 

resources 

Water Stress Index is a reflection of each 

riparian’s water scarcity and, hence, 

potential for utilizing other water 

resources. It is calculated by dividing the 

national water demand based on 

population and a per capita water 

demand of 500 m3/year by the annual 

riparians’ national fresh water supply. 

Total available water resources j MCM/year 2,040 1,020 1,370 244 19,950 

Year 2020 population estimate Millions 9.10 k 8.09 l 4.88 l 5.14 l 25.74 l 

Water demand MCM/year 4,385 3,785 2,355 2,870 15,235 

Water stress index index 2.23 3.97 1.78 10.53 0.65 

Score % 11.6 20.7 9.3 55.0 3.4 

F10- Potential for 

appreciable harm 

Water shortage in the basin considered 

to cause equal humanitarian harm across 

all countries since all riparians are water 

stressed. So equal equity scores of 20% 

were assigned to all riparians. 

Score % 20.0 20.0 20.0 20.0 20.0 

a ICBS 2013; b Jordan Department of Statistics 2013; c Lebanon Central Administration for Statistics 2013; d PCBS, 2012; e SCBS, 2011; f Tenne, 2010. While Elizur (2014) reports 

seawater desalination cost as low as 0.40 USD/m3 of desalinated water, the higher limit of 0.65 USD/m3 reported by Tenne (2010) was used. g Beyth 2007; h Desalination cost for 

Lebanon assumed to be the same as that incurred by Israel due to similarity of coastal areas; i Wardeh et al, 2005; j Keyzer et al., 2004; k ICBS, 2015; l UN, 2012. 
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2.2.3 Derivation of Country Scores for Quantified Criteria 

For each factor under the two approaches of water allocation, country scores 

(F) were derived as a percentage contribution to each riparian country, as expressed in 

Equation (2.1). 

 

𝐹𝑖,𝑗 =  
𝑋𝑖,𝑗

(Σ𝑖=1
𝑛 𝑋𝑖,𝑗)

∗ 100 (2.1) 

 

Where i = riparian country (from 1 to n=5); 

j = number of the allocation factor (from 1 to m=10); 

Fi,j = factor quantification score presented as the normalized score 

assigned to riparian i with respect to factor j (%); and 

Xi,j = value assigned to the i
th

 country with respect to the j
th

 factor. 

 

The allocation factors were considered together as a whole and the weights 

assigned to each factor were based on their perceived relative importance in comparison 

to other factors. Given the likelihood that riparians will not agree on a common set of 

weights, 22 scenarios were developed, each assuming a different weighing structure 

(Table ‎2.3). These “what if” scenarios start with the adoption of equal weights to all 

factors, followed with assigning higher weights to certain factors to shed light on the 

minimum and maximum allocation for each riparian under various scenarios. As such, 

the first scenario assumed equal weights, suggesting no bias to any factor. A second 

scenario was defined whereby weights were based on the average weights assigned by 

90 international water experts, including representatives from the five riparian countries 

(Mimi and Sawalhi, 2003). A following set of 10 scenarios assigned a weight of 0.3 was 

assigned to a single factor (in an attempt to magnify its relative importance) and the 

remaining weight of 0.7 was divided equally among the remaining nine factors 
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(scenarios 3-12). Similarly, another ten extreme scenarios (scenarios 13-22) were 

defined whereby a weight of 0.5 (which represent 10 times the sensitivity analysis 

increments discussed in Section 2.2.4) was assigned to one factor and the remaining 

weight of 0.5 distributed equally between the remaining nine factors. This approach 

provides also a mechanism to conduct a one-factor-at-a-time (OFAT) sensitivity 

analysis to quantify the impact of each factor on the allocation scheme. Finally, changes 

in water allocation due to the variation in the weighing factors were then quantified. The 

overall allocation score for each riparian was calculated using Equation (2.2). 

 

𝑆𝑖 =  
(∑ 𝐹𝑖,𝑗∗𝑊𝑗)𝑚

𝑗=1

(∑𝑖=1
𝑛 ∑ 𝐹𝑖,𝑗∗𝑊𝑗)𝑚

𝑗=1  
∗ 100 (2.2) 

 

Where Si = overall normalized allocation score for i
th

 riparian, ranging 

between 0 and 100 percent; and 

Wj = weight assigned to j
th

 factor with ∑ 𝑊𝑗 = 1
𝑗
1 . 

 

2.2.4 Sensitivity Analysis of Criteria Weights 

In an effort to test the sensitivity of the water allocation pattern to the weight 

assignment for each criterion, the weight of each criterion was varied between 0 and 0.5 

using 0.05 increments for the two approaches of water allocation. The weights of other 

criteria were readjusted accordingly. This allowed for the determination of the 

percentage change in the allocated water in response to a 5% incremental change in the 

weight of the specific criterion. 
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Table ‎2.3. Scenarios and weights assigned to allocation factors and used for sensitivity analysis 

Scenario Description  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

1 Baseline scenario of No Bias where 

all factors are equal 

Equal weights 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 

2 Expert Consultation* Questionnaire 

based 

0.0800 0.1500 0.1400 0.0600 0.0600 0.1000 0.0800 0.0800 0.0500 0.2000 

3 In scenarios 3 to 12, 30% of the 

weight is assigned to one factor while 

distributing remaining 70% equally 
among the remaining 9 factors. 

30% to F1 0.3000 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 

4 30% to F2 0.0778 0.3000 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 

5 30% to F3 0.0778 0.0778 0.3000 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 

6 30% to F4 0.0778 0.0778 0.0778 0.3000 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 

7 30% to F5 0.0778 0.0778 0.0778 0.0778 0.3000 0.0778 0.0778 0.0778 0.0778 0.0778 

8 30% to F6 0.0778 0.0778 0.0778 0.0778 0.0778 0.3000 0.0778 0.0778 0.0778 0.0778 

9 30% to F7 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.3000 0.0778 0.0778 0.0778 

10 30% to F8 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.3000 0.0778 0.0778 

11 30% to F9 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.3000 0.0778 

12 30% to F10 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.0778 0.3000 

13 In scenarios 13 to 22, 50% of the 

weight is assigned to one factor while 

distributing remaining 50% equally 
among the remaining 9 factors. 

50% to F1 0.5000 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 

14 50% to F2 0.0556 0.5000 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 

15 50% to F3 0.0556 0.0556 0.5000 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 

16 50% to F4 0.0556 0.0556 0.0556 0.5000 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 

17 50% to F5 0.0556 0.0556 0.0556 0.0556 0.5000 0.0556 0.0556 0.0556 0.0556 0.0556 

18 50% to F6 0.0556 0.0556 0.0556 0.0556 0.0556 0.5000 0.0556 0.0556 0.0556 0.0556 

19 50% to F7 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.5000 0.0556 0.0556 0.0556 

20 50% to F8 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.5000 0.0556 0.0556 

21 50% to F9 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.5000 0.0556 

22 50% to F10 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.0556 0.5000 

* Average reported weights extracted from a questionnaire administered to 90 water experts worldwide including representatives from the five JRB riparians (Mimi and Sawalhi 2003). 

F1: Geography; F2: Hydrology; F3: Climate; F4: Existing Utilization; F5: Economic Needs; F6: Social Needs;  

F7: Within Basin Population; F8: Economic Burden; F9: Water Resources Availability; F10: Potential for Harm 
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2.3 Results and Discussion 

2.3.1 Estimated Groundwater Resources 

The groundwater aquifers within the JRB are depicted in Figure ‎2.1 with 

corresponding surface area identified within the basin’s boundaries and reported safe 

yields presented in Table ‎2.4. In the Upper JRB, the steady flowing core of the Hasbani, 

Banias and Liddan rivers reflect groundwater-fed “base flows” with the bulk of the base 

flow for the Liddan River (241-249 MCM/year) originating from Lebanon and Syria 

(Zeitoun et al. 2012; UN-ESCWA and BGR, 2013). The karstic limestone geology of 

the area supports the notion of an intimate connection between groundwater and surface 

flows as well as the presence of fractured conduits that map across the international 

political borders of Israel-Lebanon or Israel-Syria. While the direction and flow rates of 

the groundwater are not monitored in Lebanon and Syria and are poorly monitored or 

reported in Israel, estimates of 250-350 MCM/year of transboundary groundwater 

crossing from Lebanon to Israel have been reported implying a significant contribution 

to the total transboundary water flows in the Upper JRB (Zeitoun et al. 2012). Despite 

the uncertainty around these estimates, it can still be argued that recharge areas for 

major springs in the Upper JRB are connected to transboundary groundwater resources, 

where the entire recharge zone of the Liddan Springs lies in Lebanon and Syria 

(AFIAL, 2014). In the Lower JRB, groundwater resources play a more prominent role 

whereby the Yarmouk aquifer (~40 MCM/year in Jordan and 160 MCM/year in Syria) 

and other groundwater basins exist within the boundaries of the Lower JRB (Figure ‎2.1) 

including Kinneret/Tiberias aquifer (62 MCM/year), the side wadis along the eastern 

escarpment of the Jordan Valley (~15 MCM/year), the Jordan Valley floor area (~21 

MCM/year), and the Amman-Zarqa basin (87.5 MCM/year) (MWI, 2013; Rimawi, 
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2016; Weinberger et al., 2012; Venot et al. 2006; Rosenthal and Sabel 2009; exact-

me.org). In addition, there is the Mountain aquifer, a transboundary aquifer west of the 

Jordan River extending over Israeli and the Palestinian territories. The aquifer in its 

Northeastern basin is estimated at 130 to 145 MCM/year, while flows in the Eastern 

basin are valued in the range between 125-172 MCM/year (Rosenthal and Sabel, 2009; 

El-Fadel et al., 2001). Currently, the Mountain Aquifer is the subject of an independent 

transboundary water sharing agreement ratified by Israelis and Palestinians. Only small 

portions of the western Galilee, El-Azraq and Dead Sea basins’ areas appear to lie 

within the JRB (Figure ‎2.1). 

 

 

Figure ‎2.1. Groundwater basins within the Jordan River Basin (adapted from Sbaih, 2016) 

(source: Sbaih, 2016. Presentation on “Groundwater inventory in the Jordan River Basin” presented by 

engineer Mohammed Sbaih as part of SIDA (2016) project’s final workshop held on August 26, 2016 in 

Amman, Jordan) 
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Table ‎2.4. Groundwater resources in the Jordan River Basin 

Groundwater 

Aquifer 
Reported Total Safe Yield (MCM/year) 

Adopted 

Average 

Percent of Surface Area within JRBa (%) 

Israel Jordan Lebanon Palestinian 

Authority 

Syria Golan 

Heights 

Total 

Lebanon’s 

groundwater 

flowing from the 

Hasbani 

catchment 

250-350 
b
 

including base 

flows appearing in 

Banias, Wazzani 

and Liddan rivers 

65c - - 65 - - 100 - - - 100 

Tiberias 62
a
 - - - 62 51.8 6.2 - 1 1.6 26.9 87.5 

Western Galilee 117
d
 - - - 117 3.5 - - - - - 3.5 

Northeastern 

Mountain Aquifer 

131-145
e
 135-187

f
 153f, g 134

d
 147.5 3.5 - - 29.5 - - 33 

Eastern Mountain 

Aquifer 

125-172
e
 125-197

f
 134f, g 174

d
 154.5 0.3 - - 44.8 - - 45.0 

Yarmoukh 200
i
, of which 40 

is the safe yield 

within Jordan 

- - - 200 - 22.8 - - 68.3 2.2 93.2 

Jordan valley floor 21
j
 21k - - 21 6.1 61.5 - 32 - - 99.7 

Jordan side wadis 15
j
 15k - - 15 - 96.5 - - - - 96.5 

Amman-Zarqa 87.5
j
 87.5k 80l - 85 - 56.3 - - - - 56.3 

Dead Sea 57
j
 57k - - 57 - 2.2 - 1.3 - - 3.4 

Azraq 24
j
 24k - - 24 - 0.3 - - - - 0.3 

a Sbaih 2016; b Zeitoun et al., 2012; c SIDA, 2016; d Weinberger et al., 2012. The presented natural recharge rates are for the period 1993-2009; e El Fadel et al., 2001; f PWA, 2012. 
g Average groundwater basins recharge for the hydrological year of 2010/2011 (PWA, 2012). 
h Yarmouk area within Jordan is 1,426 km2 (Ta’any et al., 2007); 
i Rimawi 2016, Personal communication (September 21, 2016). Yarmouk basin natural recharge is 200 MCM/year with 40 MCM/year in Jordan and 160 MCM/year in Syria. 
j MWI, 2013; k En Naqa and Al-Shayeb, 2009; l Al-Qaisi, 2010. 
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Table ‎2.5 summarizes the resulting estimated groundwater resources within the 

JRB by riparian country. The greatest amount of groundwater seems to be available in 

Syria, Jordan, and the PA followed by Lebanon at 65 MCM/year. These riparians 

contribute almost 87% of the JRB groundwater safe yield estimated at 514 MCM/year. 

 

Table ‎2.5. Estimating the groundwater resources of the basin 

Aquifer 

Average 

Reported 

Safe Yield 

Surface 

Area in 

Basin 

Estimated Safe Yield within the basin’s boundaries 

Israel Jordan Lebanon PA Syria 

Golan 

Heights Total 

MCM/year % MCM/year 

Hasbani 65 100 0.0 0.0 65.0 0.0 0.0 0.0 65.0 

Tiberias 62 87.5 32.1 3.8 0.0 0.6 1.0 16.7 54.3 

Western 

Galilee 

117 3.5 4.1 0.0 0.0 0.0 0.0 0.0 4.1 

Northeastern 

Mountain 

Aquifer 

147.5 33 5.2 0.0 0.0 43.5 0.0 0.0 48.7 

Eastern 

Mountain 

Aquifer 

154.5 45.0 0.5 0.0 0.0 69.2 0.0 0.0 69.7 

Yarmouk 200 93.2 0.0 45.6 0.0 0.0 136.6 4.4 186.6 

Jordan 

valley floor 

21 99.7 1.3 12.9 0.0 6.7 0.0 0.0 20.9 

Jordan side 

wadis 

15 96.5 0.0 14.5 0.0 0.0 0.0 0.0 14.5 

Amman-

Zarqa 

85 56.3 0.0 47.9 0.0 0.0 0.0 0.0 47.9 

Dead Sea 57 3.4 0.0 1.3 0.0 0.7 0.0 0.0 2.0 

Azraq 24 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.1 

Total by riparian country 43.1 126.0 65.0 120.8 137.6 21.1 513.6 

 

Another estimate of groundwater resources within the JRB (SIDA, 2016) 

exhibited similar results except for difference in estimated quantities for Lebanon and 

Syria. SIDA (2016) considered around 29% and 9% of groundwater safe yield from 

Lebanon to be inflow to Israel and Golan Heights, respectively, and consequently 

estimated Lebanon’s groundwater at only 37 MCM/year. On the other hand, SIDA 

(2016) estimated Syria’s groundwater at 255 MCM/year based on an interpretation of 
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water abstraction rates cited in UN-ESCWA and BGR (2013). For Israel, Jordan, and 

the PA, the estimates are consistent mainly due to more readily available data about 

groundwater resources within these portions of the basin. For instance, Courcier et al. 

(2005) specified the annual usable recharge of groundwater in the Jordanian lower JRB 

at 160 MCM/year, which is of the same order as the estimated 126 MCM/year in this 

study. 

On average, this study estimates groundwater resources as equivalent to ~36% 

of the quantity of surface water reported for the JRB and constitutes 27% of the total 

basin resources. The contribution of each riparian to surface and ground water resources 

are depicted in Figure ‎2.2. 

 

 

Figure ‎2.2. Contribution of each riparian to surface and ground water resources flow within the basin 
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2.3.2 Transboundary Water Allocations 

The scores of the quantified international water law allocation factors by 

riparian country (Figure ‎2.3) reveal that 1) the highest percentage of the basin’s 

catchment area are attributed to Jordan and Syria; 2) the highest percentage of surface 

water discharge into the basin is attributed to Israel followed by Syria and Jordan, while 

the highest percentage of surface and ground water discharge into the basin are 

attributed to Syria followed by Israel and Jordan; 3) Israel, followed by Jordan and 

Syria are the greatest users of the basin’s surface and ground water resources; 4) the 

highest percentage of rainfall occurs in Syria and Jordan; 5) the highest within basin 

population and consequently the highest expected water demand among the basin’s 

riparians are in Jordan followed by Syria; and 6) though Palestinians are entitled to a 

share in the basin’s water, they are currently using 0.5% of the its surface waters and 

5% of its overall surface and ground water resources. 

Under the baseline scenario of equal weights, Israel’s entitlement (potential 

share) in the JRB surface water is evaluated at 19%, Jordan’s 26%, Lebanon’s 10%, 

the Palestinian Authority’s 18%, and Syria’s 28%. However, when considering both 

surface and ground water resources of the JRB (Table ‎2.6 and Figure ‎2.3), the shares 

change due to changes in contribution of each riparian to water discharge (F2) and to 

riparians water utilization rates (F4). Under the baseline scenario of equal weights, 

Israel’s entitlement becomes 15%, Jordan’s 26%, Lebanon’s 10%, the Palestinian 

Authority’s 19%, and Syria’s 30% (Table ‎2.6). When considering both surface and 

ground water, Israel’s range of water allocation decreased from 12.2 – 36.5% to 10.3 – 

25.6%, whereas the Palestinian water allocation range increased from 10.4-34.7% to 

13.0 -35.2%. The 11% reduction in the upper limit of allocation for Israel is mainly 
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attributed to the attenuated effect of the utilization factor (F4). When only surface water 

was considered, every 5% increase in weight assigned to F4 provided Israel with an 

increased share of 2.2%. However, when groundwater resources are considered, every 

5% increase in factor weight provided Israel with 1.3% additional water. For other 

riparians, the ranges of allocations resulting from the tested scenarios did not exhibit a 

major change. The unobserved change for Lebanon’s share when accounting for 

groundwater resources emphasizes that Lebanon is not exploiting water supplies within 

its territories of the JRB. 

Allocations under the various scenarios and considerations (Figure ‎2.4 and 

Table ‎2.6) indicate that irrespective of the assigned weights, the existing allocation 

pattern of Israel (~59% of the JRB surface waters and 38% of surface and ground 

water supplies) cannot be attained while the entitlements of Lebanon and the PA should 

be greatly augmented. If the international water law criteria were enforceable, then 

Israel would be considered to be exceeding its legal entitlement by 149% when 

considering surface water only and by 135% when considering both surface and 

ground water. Though Jordan’s existing allocation is generally below that simulated for 

surface water supply in 17 of the 22 scenarios, its potential legal entitlement was lower 

than its current rate of abstraction from both surface and ground water resources in 19 

of the 22 scenarios. This reflects that Jordan is underutilizing its share from surface 

water supply (by 32%) but is over abstracting from groundwater resources. Still this 

over abstraction needs to be further examined in terms of whether this rate of over 

abstraction is from groundwater supply belonging to the JRB or whether it is 

groundwater coming from basins outside the JRB. With respect to Syria, its existing 

allocation is generally below those simulated under the various scenarios where its 
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current use is below its potential allocation in 21 out of the 22 scenarios when 

considering surface water only, and in 19 out of the 22 when considering both surface 

and ground water resources. 

Thus, the influence of groundwater resulted in attenuating the extent to which 

Israel is exceeding its legal entitlement by reducing Israel’s exceedance from 149% to 

135%. However, it also reduced Israel’s overall share from the JRB water resources by 

1.9 to 10.8% depending on the adopted scenario (see Table ‎2.6 and Figure ‎2.4). It also 

shows that Jordan, which was considered to be underutilizing its legal entitlement by 

32%, is found to be actually close to exceeding it by 5%. Palestinians use of 

groundwater resources reduced their underutilization rate from 98% to 75%, and for 

Syrian’s, their rate of underutilization was reduced from 48% to 17%. For Lebanon, 

its underutilization rate was reduced only by 2% due to the fact that Lebanon has not 

exploited its groundwater resources within the Hasbani basin. 

Overall, the allocations under the various scenarios and considerations 

(Table ‎2.6) indicate that irrespective of the assigned weights, if the international water 

law criteria were enforceable, then Israel would be considered to be exceeding its 

potential legal entitlement given that the existing allocation pattern of Israel (~59% of 

the JRB surface waters and 38% of surface and ground water supplies) cannot be 

attained. This is emphasized by the similar trends observed under scenario 1 (equal 

weights) and scenario 2 (average of experts assigned weights), where Israel continues to 

be over utilizing its potential share and the remaining riparians underutilizing theirs. 

Thus, the influence of groundwater mainly resulted in reducing Israel percentage share 

from 19-25% range when considering surface water only to 15-19% of both surface and 

ground water resources. The remaining riparians shares were either enhanced or did not 
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witness a considerable change (Lebanon). On the other hand, Lebanon’s and the PA’s 

should be using more of the basin’s water resources given that they are greatly 

underutilizing their potential shares. The unobservable change for Lebanon’s share 

when accounting for groundwater resources emphasizes that Lebanon is not exploiting 

its water supplies within its territories of the JRB. 

Based on observed variations in water allocations in response to different 

assigned factor weights, it is imperative to emphasize that in the absence of a database 

that have the consensus of all the riparian countries, the estimations cannot be 

considered as final outcomes of the overall water allocation within the JRB. They are 

rather indicative of the overall situation in the basin and provide a starting point for 

policy discussions and agreements until a comprehensive database that all riparians 

agree upon is established. This also raises another issue which is the need for water 

allocation to be a dynamic process with water shares represented as percentage 

allocations rather than fixed quantities which can accommodate potential future 

variations in natural water supplies due to potential impacts of climate change.



37 

 
Figure ‎2.3. Riparian scores for allocation factors defined by the international water law along with water allocation under equal assignment of factors weights. 

F2(a )and F4(a) represent when considering surface water only and F2(a&b) and F4(a&b) when considering surface and ground water. 
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Table ‎2.6. Potential water allocation as per tested scenarios for both cases of considering surface water alone  

and considering both surface and ground water resources of the JRB 

Scenario Assigned Weights 

Israel Jordan Lebanon PA Syria Israel Jordan Lebanon PA Syria 

Considering Only Surface Water Considering both Surface and Ground Water 

Percentage Allocation Si, (% change in allotted share for each 0.05 incremental increase in weight of factor) 

Existing allocation pattern 58.6 22.2 0.5 0.5 18.2 38.5 29.3 0.7 5.2 26.3 

(1) Equal weights 18.7 25.7 9.6 18.4 27.6 15.3 26.2 9.5 19.3 29.7 

(2) Questionnaire based 24.8 26.6 7.6 14.7 26.4 18.8 27.8 7.4 16.2 29.7 

(3) 30% to F1 16.8 (-0.5) 28.7 (+0.7) 8.2 (-0.3) 16.5 (-0.5) 27.6 (+0.5) 14.2 (-0.3) 29.1 (+0.7) 8.2 (-0.3) 17.2 (-0.5) 31.3 (+0.4) 

(4) 30% to F2 22.4 (+0.9) 23.4 (-0.6) 9.5 ( 0.0) 16.1 (-0.6) 29.8 (+0.2) 18.1 (+0.7) 24.2 (-0.5) 9.4 ( 0.0) 17.7 (-0.4) 30.5 (+0.2) 

(5) 30% to F3 18.2 (-0.1) 27.0 (+0.3) 8.8 (-0.2) 17.0 (-0.4) 28.5 (+0.4) 14.2 (-0.3) 26.6 (+0.1) 8.6 (-0.2) 17.7 (-0.4) 33.0 (+0.8) 

(6) 30% to F4 26.2 (+2.2) 24.9 (-0.2) 7.6 (-0.5) 14.4 (-1.0) 25.5 (-0.5) 20.5 (+1.3) 26.9 (+0.2) 7.5 (-0.5) 16.2 (-0.8) 28.9 (-0.2) 

(7) 30% to F5 27.6 (-0.6) 22.1 (-0.9) 10.3 (+0.2) 18.3 ( 0.0) 33.2 (+1.4) 13.6 (-0.4) 22.5 (-0.9) 10.2 (+0.2) 19.0 (-0.1) 34.8 (+1.3) 

(8) 30% to F6 15.4 (-0.8) 21.1 (-1.1) 11.5 (+0.5) 21.0 (+0.6) 31.0 (+0.8) 12.8 (-0.6) 21.5 (-1.2) 11.4 (+0.5) 21.7 (+0.6) 32.6 (+0.7) 

(9) 30% to F7 16.6 (-0.5) 34.5 (+2.2) 7.7 (-0.5) 16.0 (-0.6) 25.2 (-0.6) 14.0 (-0.3) 34.9 (+2.2) 7.7 (-0.5) 16.7 (-0.7) 26.8 (-0.7) 

(10) 30% to F8 17.6 (-0.3) 26.4 (+0.2) 10.5 (+0.2) 19.6 (+0.3) 25.9 (-0.4) 15.0 (-0.1) 26.8 (+0.1) 10.5 (+0.2) 20.3 (+0.2) 27.5 (-0.6) 

(11) 30% to F9 17.1(-0.4) 24.6 (-0.3) 9.5 ( 0.0) 26.5 (+2.0) 22.2 (-1.3) 14.5 (-0.2) 25.0 (-0.3) 9.4 ( 0.0) 27.2 (+2.0) 23.8 (-1.5) 

(12) 30% to F10 19.0 (+0.1) 24.4 (-0.3) 11.9 (+0.6) 18.8 (+0.1) 25.9 (-0.4) 16.4 (+03) 24.9 (-0.3) 11.8 (+0.6) 19.5 ( 0.0) 27.5 (-0.5) 

(13) 50% to F1 15.0 31.6 6.9 14.6 31.9 13.1 31.9 6.9 15.1 33.0 

(14) 50% to F2 26.2 21.1 9.5 13.9 29.4 20.8 22.3 9.4 16.1 31.4 

(15) 50% to F3 17.6 28.3 8.1 15.5 30.5 13.1 26.9 7.7 16.1 36.2 

(16) 50% to F4 36.4 24.1 5.6 10.4 23.4 25.6 27.6 5.6 13.0 28.2 

(17) 50% to F5 13.7 18.4 11.0 18.1 38.7 11.8 18.7 11.0 18.6 39.9 

(18) 50% to F6 12.2 16.5 13.4 23.6 34.4 10.3 16.8 13.3 24.1 35.5 

(19) 50% to F7 14.5 43.3 5.9 13.6 22.7 12.7 43.6 5.9 14.1 23.9 

(20) 50% to F8 16.6 27.0 11.5 20.8 24.1 14.7 27.3 11.4 21.3 25.2 

(21) 50% to F9 15.6 23.5 9.4 34.7 16.8 13.7 23.8 9.4 35.2 18.0 

(22) 50% to F10 19.3 23.2 14.2 19.1 24.2 17.4 23.5 14.2 19.6 25.4 

Range of water allocations 12.2 – 36.4 16.5 – 43.3 5.6 – 14.2 10.4 – 34.7 16.8 – 38.7 10.3 – 25.6 16.8 – 43.6 5.6 – 14.2 13.0 – 35.2 18.0 – 39.9 

Note: F1: Geography; F2: Hydrology; F3: Climate; F4: Existing Utilization; F5: Economic Needs; F6: Social Needs;  

F7: Within Basin Population; F8: Economic Burden; F9: Water Resources Availability; F10: Potential for Harm 
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(a) Considering only the surface water of the JRB 

 

(b) Considering both the surface and ground water of the JRB 

Figure ‎2.4. Riparians’ exceedance or underutilization based on current use and potential shares as per 

baseline scenario of assigning equal weights to the allocations factors defined by the international water 

law (a) considering only surface water, and (b) considering both surface and ground water resources 

within the JRB. 
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2.3.3 International Water Law Allocations versus Historical Allocation Plans 

Figure ‎2.5 compares the allocations proposed by the Main, Cotton, Arab and 

Johnston plans, and the existing water utilization patterns and the potential allocations 

defined by the international water law factors under equal weights (scenario 1) for both 

situations of accounting for surface water only and for surface and ground water 

together. The current Israeli water abstraction rate from the JRB exceeds previously 

proposed plans. Israel’s ability to secure its current water share may be partly attributed 

to its success to gain territorial control of the Golan Heights and the West Bank and 

more importantly, to diverting the outflow of Lake Tiberias to coastal areas and the 

Negev Desert outside the basin. As such, Israel was able to capture the majority of the 

freshwater from the upper JRB (coming from the three tributaries of Hasbani river of 

Lebanon, Banias of Syria, and Dan river of the Golan Heights) into Lake Tiberias and 

then to pump the water through its National Water Carrier for out of basin use. 

Figure ‎2.5 also shows that previous plans underestimated the Syrian and Lebanese 

potential shares from the JRB. Even the Arab Plan allocated to Lebanon and Syria 2.5 

and 9%, respectively, while their shares under the international water law vary between 

5.6 and 14.2% and between 16.8 and 39.9%, respectively depending on the considered 

scenario. With respect to Jordan and the PA, the Johnston Plan provided them with a 

combined share of 41% which falls within the range of the sum of their allocations 

(34.5-59%) as per international water law. 
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Surface water only 

 

Figure ‎2.5. Current pattern of surface water use of the Jordan River basin water versus historical 

allocation schemes for surface water 

 

Previous plans were based mainly on the concept of irrigation needs from 

surface water resources while groundwater resources are also a considerable part of the 

basin’s overall water resources. For instance, groundwater from Lebanon contributes 

significantly to the Liddan and Banias flows in the upper JRB. This potential 

hydrological connection between groundwater and surface water necessitates 

considering the influence of groundwater resources on the overall water allocation 

scheme. 

 

2.3.4 Potential Riparian Perspectives on Transboundary Water Allocation 

The importance of adopting the International Water Law for initiating 

negotiations over successful allocation plans is evident given that talks towards 

achieving potential allocations are currently absent. While the international law on 

water resources still lacks enforcement, its basic principles have evolved greatly 

allowing reasonable negotiations to occur within a framework of well-defined criteria. 

Table ‎2.7 outlines perspectives that could potentially be argued by riparian countries to 

defend their water rights, as well as positions with respect to the “equitable and 
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reasonable allocation” factors defined by the international law. Based on various 

perspectives, it is clear that each party will have ample arguments for claiming their 

shares from the JRB waters. The Israelis will tend to defend their current utilization by 

arguing that they have been developing and depending upon the JRB waters for more 

than 60 years. This water is socially and economically significant to them as it 

constitutes the main source of irrigation water for the Israeli agricultural sector and they 

perceive that this irrigation water provides higher economic return per cubic meter than 

irrigation water used by other riparians. On the other hand, Jordan and Syria’s 

perspective would revolve around the fact that they constitute the largest geographical 

area of the basin and have the highest populations living within the basin. They will 

contend that meeting the needs of their within basin populations is a higher priority than 

Israel’s out of basin irrigation use, particularly that part of the crops irrigated in the 

Negev Desert by the National Water Carrier are designated for export (Zeitoun et al., 

2012; IMFA, 2013) and thus cannot be considered a basic human need in Israel. Given 

the water scarcity in the region, Arab riparian states will emphasize their water scarce 

situation and argue that Israel has reached a desalination capacity that is suitable to 

address its national water demand at a reasonable cost (Elizur, 2014). Moreover, the 

Arabs can argue that their low existing dependency on the JRB is a result of Israeli 

territorial control, especially after the 1967 war. These potential arguments and 

perspectives emphasize the large rift between riparians and the difficulty of negotiating 

a comprehensive agreement over sharing the JRB waters without a catalyst that can 

provide economic incentives to all riparians. The water-energy nexus may play a 

significant role in this direction in the future. 
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Table ‎2.7. Riparian countries perspectives of water rights of the Jordan River Basin 

Factor Israeli Perspective Other Riparians Perspective 

Geography and 
hydrology 

 Israel is the only country that is a riparian to all 
sections of the Jordan River Basin. 

 The sources of transboundary water are not the 

sole factor in determining water rights. 

 Israel has increased its water entitlements through territorial gains made after the 1967 War. 

 Much of the JRB headwaters are derived from rivers and catchments located upstream in Lebanon and 

Syria (the Lebanon Hasbani, the Banias, Dan and side wadis of the Golan Heights, and the Yarmouk River 
to which Syria and Jordan are major riparians and Israel is only a minor one). 

Historic use  Lebanon and Syria never used significant amounts 
of the Upper Jordan flows. 

 Israel inherited the water resources from the 

British mandate and has been developing and 
using them for more than 60 years. 

 Jordan can no longer use the Johnston allocation 

plan as a basis for allocation, since the Arab 

League rejected the plan at the time, and because 

the geopolitical situation had changed significantly 
since that time. 

 Lebanon used water prior to the establishment of the State of Israel. But due to the Israeli occupation of 

south Lebanon between 1978 and 2000, it was prevented from using the water. After Israeli withdrawal in 

2000, Lebanon gradually increased its water use of the Hasbani and completed the Wazzani pumping 

station under Israeli threats of war (Zeitoun et al., 2012). 

 Similarly, Syria had villages within the Golan Heights that were prevented from developing the use of the 
Banias water due to Israeli occupation of the Golan since1967. 

 Palestinians are indigenous inhabitants of the region and are therefore a party with historical prior use rights 

but stringent occupation policies prevented them from exploiting their fair share. 

 The Johnston Plan, although not legally binding and rejected at the time due to its perceived unfairness, 

remains a historic point of reference that had provided Jordan with a water share. 

Resource 

availability 
 Lebanon and Syria have other sources that they 

can rely on to meet their demand. 

 Fluctuations in precipitation levels anticipated due 

to climate change are likely to reduce Israeli 
available water resources. 

 Desalinated water is too expensive to be used for 
irrigation purposes. 

 Giving up natural water resources imply a loss of 

storage capacity. Thus, there would be a need to 

build additional desalination plants to address 

inter-annual variations in water demand. However, 

during the seasons of lower water demand, the use 

of those additional desalination plants will be sub-
optimal (Feitelson and Rosenthal 2012). 

 The Arab states are not investing in alternative 

water resources. 

 Israel diverts, through the National Water carrier, water from Lake Tiberias to the Negev desert in the 

south. The basin’s water should not be diverted outside its boundaries unless the needs of all users within 
the basin have been satisfied. 

 Israel is economically and technically more advanced and has the alternative of using desalinated water 

instead of the Jordan River water. Actually, Israel has already started a desalination program along its 

Mediterranean coast anticipated to supply 750 MCM by 2020 (Feitelson and Rosenthal 2012; Becker et al. 

2012). Moreover, there are reports of Israel having surplus of water supply due to desalination and at a 

reasonable cost of 0.40 USD/m3 of desalinated water (Elizur, 2014). 

 Israel’s irrigated agriculture is increasingly shifting to recycled wastewater, which is unlikely to be affected 

by anticipated variations in precipitation levels. 

 In contrast to the long held view that Lebanon is a water rich country, Lebanon is already experiencing 

water shortages and facing social challenges to transfer water from other basins. 

 Similarly, more than 90 percent of Syria’s water resources are shared with and dependent on other 
neighboring countries (Turkey, Iraq, Lebanon) preventing it from water transfer across basins. 

 Palestinians have no access to other water resources under Israeli occupation which is heavily limiting their 

use of the Mountain Aquifer and preventing their access to the Jordan River. 

 Jordan is equally water stressed and has no access to other sources. While desalination is an option, transfer 

costs from the Red Sea to the populated areas are more costly than existing and proposed desalination 
plants along the Mediterranean. 
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Factor Israeli Perspective Other Riparians Perspective 

Economic and 
social needs 

 Reducing the current water allocation would 

cause social and economic harm to Israel. 

 The water of the Jordan River is vital to the 

country’s agricultural sector. 

 The economic incentives and needs for Lebanon 

and Syria are insignificant and cannot justify 

gaining water allocations from the sources of the 
Jordan River. 

 Israel has a higher added value per meter cube as 

compared to other riparians. 

 A large portion of the diverted Jordan River is used in the Negev desert to produce fruits/crops designated 

for export. Thus, the water is not being used for a basic human need in Israel. 

 The contribution of agriculture, a major water-consuming sector, to Israeli GDP and employment is 

minimal (2.3 and 1.6%, respectively) compared to its contribution to the GDP and employment in other 
riparians (between 2 to 17%). 

 Israel’s overall economy and GDP allow import of the surplus agricultural needs. In contrast, other 

riparians have a weaker purchasing ability. 

Population 

dependent on 

basin’s waters 
in each state 

 Looking at total country population, and with the 

exception of Syria, Israeli total population is 

higher than other riparian countries entitling 

Israel to a higher share of water. 

 Considering only the within basin population, Jordan and Syria have around 61 and 19 percent, 

respectively, of their population residing within the basin area, while Israel has 10.4 percent. Hence, Jordan 

and Syria have a higher number of within basin people dependent on the basin’s water than Israel. Since 

within basin population needs are considered to be of higher priority, Jordan and Syria should be entitled to 
higher shares of the basin’s water than Israel. 

 Israel has higher total population than the Palestinians because it is restricting the return of Palestinian 
refugees and encouraging mass immigration of Jews into Israel. 

Equitable use of 

water 
 Water supplied to Palestinians is adequate to 

meet their needs. 

 As the Jordan - Israel agreement used the 

allocations of the Johnston Plan as the point of 

departure for their negotiations, the Syrians have 

already taken more than their share of the 
Yarmouk defined by the Johnston Plan. 

 Current water available to Palestinians fails to meet their minimal requirements for social and economic 

well-being. The average Palestinian consumption is around 85 m3/capita/year compared to the Israeli 280 

m3/capita/year. The fact that Israel is controlling the water available to the Palestinian Authority makes any 
argument of equality from the Israeli side doubtful. 

 Syria’s access to the Jordan and Banias rivers has been denied by Israeli Occupation of the Golan Heights. 

Thus, Syria has compensated for this by increasing its abstraction from the Yarmouk River. 

Preventing 

environmental 

damage or harm 

 Israelis are concerned about the degradation of 

water quality resulting from inadequate riparian 

control of urban pollution, municipal wastewater, 
industrial and agricultural waste. 

 The majority of pollution sources to the lower Jordan River are the result of municipal and industrial 

wastewater discharge from Israeli settlements and towns. 

 Israel’s diversion of salt springs from Lake Tiberias into the lower Jordan contributed greatly to the 
increasing salinity of this section. 

 A major cause of the declining level of the Dead Sea is the Israeli water diversion from Lake Tiberias (300-

400 MCM/year) to the Negev desert instead of letting the natural outflow into the lower Jordan River. 
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2.4 Conclusion 

The reasonable shares of riparian countries from the transboundary waters of 

the JRB were evaluated based on the international water law criteria with considerations 

to both the surface and ground water resources. This evaluation is based on the 

perception that any potential comprehensive agreement for cooperation over the 

transboundary water management of the JRB needs to have a clear understanding of 

existing utilization rates and water flows including surface and ground water. The 

results revealed that current allocations patterns in the JRB are skewed. According to 

the international law factors and while accounting for the combined surface and 

groundwater resources, Israel’s percentage share of the JRB water resources may range 

between 12.8-20.5%, Jordan’s between 21.5-34.9%, Lebanon’s 7.7-11.8%, the 

Palestinian Authority’s 16.2-27.2%, and Syria’s 23.8-34.8%. Accounting for 

groundwater resources had a more pronounced impact with respect to Israel’s share 

where it reduced Israel’s percentage share by 2.6 to 7.1% depending on the assigned 

factor weight. This reflects the estimated groundwater safe yields where Israel emerges 

as the least contributor within the JRB and the fact that the other riparians are more 

dependent on groundwater. Still, detailed studies are needed on groundwater resources 

within the basin to identify relevant safe yields and potential lateral flows that may 

influence the distribution of reasonable water shares within the JRB. Until a 

comprehensive database that all riparians agree upon is established, the results are rather 

indicative of the overall situation in the basin and a starting point for policy discussions 

and agreements.  
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CHAPTER 3 

DEPLETION OF GROUNDWATER STORAGE  

WITHIN THE LEVANT REGION 

 

3.1 Introduction 

Globally the demand for water is continuously increasing, placing many 

countries under the burden of water stress and consequently leading to over-pumping of 

groundwater resources. The global groundwater footprint has now exceeded 3.5 times 

the total aquifer area (Gleeson et al., 2012). Worldwide groundwater depletion has 

nearly doubled from 126 (±32) km
3
/year in 1960 up to 283 (±40) km

3
/year in 2000 

(Wada et al., 2010), with some studies estimating that the depletion has reached 330 

km
3
/year post the early 1980s (Pokhrel et al., 2015). The pressure on groundwater 

resources is expected to continue increasing with population growth and development, 

particularly in arid and semi-arid regions, where withdrawals can easily surpass the net 

recharge rate ((Immerzeel et al., 2011; Rodell et al., 2009; World Bank, 2007). 

The lack of monitoring and/or sharing of data on surface and groundwater 

resources in such regions hinders water management. In this context, data collected 

through the Gravity Recovery and Climate Experiment (GRACE) present an 

opportunity to assess temporal trends in total and groundwater storage in such regions 

(Becker et al., 2010; Famiglietti et al., 2011; Han et al., 2005; Leblanc et al., 2009; 

Rodell and Famiglietti, 2002; Rodell et al., 2009; Wahr et al., 2004; Yirdaw et al., 

2008; Zaitchik et al., 2008). Launched in March 2002 by the National Aeronautics and 

Space Administration (NASA) and the German Aerospace Center (GFZ), the GRACE 

twin satellites mission measures the temporal variations in the Earth’s gravity field, 
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which are mainly due to the redistribution of the water mass in the surface fluid 

envelopes (Becker et al., 2010); and thus can be used to analyse changes in the Earth's 

hydrologic components. The GRACE data quantifies anomalies in the total water 

storage, which represent variations in snow, soil moisture, surface water, groundwater, 

and biomass (Longuevergne et al., 2010; Rodell and Famiglietti, 1999; Rodell et al., 

2009; Voss et al., 2013). The GRACE data have proven useful for large-scale water 

management and have been employed towards the detection of changes in terrestrial 

water storage, especially when hydrological data are scarce or inaccessible (Famiglietti 

et al., 2011; Famiglietti and Rodell, 2013; Scanlon et al., 2015; Voss et al., 2013). 

GRACE has been utilised to estimate groundwater storage changes in several 

regions such as the Euphrates-Tigris Basin (Voss et al., 2013), the mountainous western 

region in Yemen (Moore and Fisher, 2012), California’s Sacramento and San Joaquin 

River Basins (Famiglietti et al., 2011), the Colorado River (Castle et al., 2014; Scanlon 

et al., 2015), the US High Plains and California’s Central Valley (Scanlon et al., 2012a; 

Scanlon et al., 2012b), northwestern India (Rodell et al., 2009), and Alberta Canada 

(Huang et al., 2016). GRACE has also been used to quantify water fluxes across China 

(Zhao et al., 2015) and the Mississippi River basin (Wahr et al., 2004; Zaitchik et al., 

2008), to quantify changes in surface water reservoirs in the Middle East 

(Longuevergne et al., 2013), to determine changes in surface water area of the marshes 

in Iraq (Becker, 2014), and to monitor droughts in North America (Houborg et al., 

2012) and the arid regions of northwestern China (Cao et al., 2015). 

This study relies on the GRACE observation data to gain a better insight about 

the trends in total and groundwater storage in the Levant region, with a focus on 

implications in the context of the affected countries. For this purpose, variations in the 
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regional terrestrial water storage and groundwater storage from January 2003 to 

December 2014 are evaluated using monthly mass land data. The suggestion that the 

major drought of 2007 resulted in an abrupt change to the water storage in the region 

(similar to what has been reported in the neighbouring Euphrates-Tigris basin) is 

statistically tested. The results are utilized to assess current and future water 

management in the region, with an emphasis on the need for non-conventional sources. 

 

3.2 Data and Methodology 

3.2.1 Study Region 

The study covers the Levant region on the eastern coast of the Mediterranean 

Sea that includes Israel, Jordan, Lebanon, the Palestinian Authority (PA), and Syria 

(Figure ‎3.1 (a)). The study region has a total area of 313,042 km
2
 and is encompassed 

within 49 GRACE pixels, each with a resolution of 1 degree (~ 90-100 km within study 

area). The Levant climate is humid to dry Mediterranean near the shores of the 

Mediterranean Sea and changes into a desert climate inland (Figure ‎3.1 (b)). Its 

population density, irrigation intensity, and land use are shown in Figure ‎3.1 (c), (d), 

and (e), respectively. The agricultural sector is considered to be the greatest consumer 

of water across all countries, accounting for 45.2, 57.8, 59.5, 65, and 85.5 percent in the 

PA, Israel, Lebanon, Jordan, and Syria, respectively (World Bank, 2016). Despite the 

high demand by the agricultural sector, irrigated areas constitute only ~10 percent of the 

study region with its remaining majority (~50 percent) considered to be barren as shown 

in the land use classification of the region (Figure ‎3.1 (e)) (Biancalani et al., 2013). 
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The countries in the Levant suffer from varying degrees of water scarcity
2
; 

Lebanon and Syria are considered to be water scarce, with total annual renewable water 

resources of less than 1,000 m
3
/capita/year (~907 m

3
/year and ~764 m

3
/year, 

respectively), whereas Israel, Jordan and the PA are considered to be facing “absolute 

scarcity”, with total annual renewable water resources less than 500 m
3
/capita/year 

(~228, ~125, and ~189 m
3
/capita/year, respectively) (Falkenmark, 1989; FAO, 2014). 

Most of the Levant countries depend on groundwater resources to meet their water 

demand (Table ‎3.1), with the exception of Syria that relies on surface water storage with 

78 dams, having a total capacity of 16.6 km
3
 (FAO, 2014). Lake Asad formed behind 

Tabaqa dam accounts for ~14.6 km
3
 of the total water storage capacity in the country. In 

comparison, Jordan’s total dam water storage capacity is a meager 0.275 km
3
 stored 

behind 10 dams, while Lebanon has two relatively small dams holding 0.22 km
3
. Other 

major surface water reservoirs in the area include Lake Tiberias (4 km
3
 water storage) 

and the Dead Sea (143 km
3
 of highly saline water). 

                                                 
2
 Water scarcity refers to “the lack of access to adequate quantities of water for human and environmental 

uses” (White, 2012). If the amount of renewable water in a country is below 1,700 m
3
/ person/ year, the 

country is said to be experiencing water stress; below 1,000 m
3
 it is said to be experiencing water 

scarcity; and below 500 m
3
, absolute water scarcity (Falkenmark, 1989; White, 2012). According to UN 

Water (2014), water scarcity is both a natural and a human-made phenomenon. In the study region, 

water scarcity is mostly due to the semi-arid nature and rapid population growth. 
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Figure ‎3.1. (a) Political boundaries, (b) climate regions, (c) population density (inhabitant/km
2
), (d) 

irrigation intensity within the study region, and (e) land use 

(“b” through “d” are from Biancalani et al. (2013); “e” is adapted from Biancalani et al. (2013)). 

The red polygon traces the Levant basin based on GRACE data pixels 
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Table ‎3.1. Overview of water resources in the countries within the Levant study region 

Country 

Geographical 

Area (km
2
) 

a
 Population 

b
 

Per capita 

Available Water 

Supply 

(m
3
/capita/year) 

c
 

Total Actual 

Renewable Water 

Resources  

(km
3
/year) 

c
 

Consumed water from surface 

(SW) and ground water (GW) 

resources in MCM/year (and as 

percent of total) 
c, d, e ,f, g

 

Percentage (%) of water withdrawal by 

different sectors as a function of total 

water demand 

Agricultural 
h
 

Municipal 
c 

Industrial 
c
 

Israel 22,072 8,215,300 227.6 1.78 SW: 555 (~31.2%) 

GW: 1,225 (~68.8%) 

57.8 36.4 5.8 

Jordan 89,318 6,607,000 124.5 0.937 SW: 295 (~51.75%) 

GW: 275 (~48.25%) 

65.0 30.9 4.1 

Lebanon 10,452 4,546,774 906.8 4.503 SW: 682 (~49.5%) 

GW: 695 (~50.5%) 

59.5 29.0 11.5 

Palestinian 

Authority 

6,020 4,294,682 188.7 0.837 SW: 28.2 (~8.3%) 

GW: 246.3 (~72.9%) 

Purchased: 63.5 (~18.8%) 

45.2 47.9 6.9 

Syria 185,180 22,157,800 764.1 16.8 SW: 8,745 (64.5%) 

GW: 4,811 (35.5%) 

87.5 8.8 3.7 

a Central Administration of Statistics, 2008, FAO, 2014, ICBS, 2013, Jordan, 2012, PCBS, 2011 
b World Bank, 2014 
c FAO, 2014 
d MWI Jordan, 2009 
e Ministry of Environment, 2011 
f PCBS, 2014a 
g Mourad and Berndtsson, 2012 
h World Bank, 2016 
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3.2.2 GRACE-Derived Total Water Storage Data 

The GRACE one hundred thirty two (132) months land mass grids
 
were 

processed according to Swenson (2012) based on the latest release (RL-05) to estimate 

changes in groundwater storage. GRACE data are provided as sets of spherical 

harmonic coefficients of degree 2 and order 0, representing the monthly variations in the 

Earth's gravity field (Landerer and Swenson, 2012). The processing of the gravity field 

solutions involves replacing the degree 2 order 0 coefficients with the solutions from the 

Satellite Laser Ranging (SLR) (Cheng et al., 2011) and estimating the degree-1 

coefficients (Swenson et al., 2008) followed by a glacial isostatic adjustment correction 

(Geruo et al., 2013). A de-striping filter is also applied to minimize the effect of 

correlated errors. A 300 km wide Gaussian filter is applied to the data. Land-grid-

scaling is then applied to restore energy lost by the destriping and filtering (Landerer 

and Swenson, 2012; Velicogna and Wahr, 2006). The final processed data reflects mass 

variations due to water mass variations on the continental area after atmospheric and 

oceanic circulation effects are removed (Landerer and Swenson, 2012; Singh et al., 

2012). As such, the data provides monthly anomalies of terrestrial total water storage 

(TWS) in centimeters (cm) of equivalent water height within a GRACE pixel. 

In this study, GRACE monthly land mass grids were derived by averaging 

processed data computed at the Center for Space Research (CSR) at the University of 

Texas-Austin, the Jet Propulsion Laboratory (JPL) at the California Institute of 

Technology, and the German Aerospace Center (GFZ). Though differences between the 

centers are small and lie within the error bounds of the GRACE solution itself, using the 

arithmetic mean is recommended for reducing the noise in the gravity of field solutions 

(Sakumura et al., 2014). The 132 months of GRACE observational data represent the 

http://gracetellus.jpl.nasa.gov/data/J2
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time period between January 2003 and December 2014, excluding a few missing 

months
3
. Since the raw monthly GRACE land data grids represent the surface mass 

deviation relative to a baseline average defined from January 2004 to December 2009, 

the temporal mean for the selected data was removed in order to compute gravity 

anomalies representing changes in TWS over time (Famiglietti et al., 2011; Landerer 

and Swenson, 2012; Swenson and Wahr, 2006). 

 

3.2.3 Global Land Data Assimilation System (GLDAS) Output 

The quantification of change in groundwater storage based on the GRACE data 

requires assessing the various components of the total water storage balance. The 

contributions of soil moisture and snow water equivalent were obtained from GLDAS, 

that uses advanced land surface modeling and data assimilation techniques to generate 

optimal fields of land surface states and variables (Rodell et al., 2004; Rodell et al., 

2009). The results of three Land Surface Models (LSMs) from GLDAS, namely VIC, 

CLM10, and Noah
4
, were averaged out to balance potential biases in any single model 

(Voss et al., 2013). The three LSMs provide monthly data at a spatial resolution of one 

degree. GLDAS data were converted to monthly anomalies of equivalent water 

thickness. Note that the missing months from GRACE data were also removed from 

GLDAS data. 

 

                                                 
3
 June 2003, January 2011, June 2011, December 2011, May 2012, October 2012, March 2013, August 

2013, September 2013, February 2014, July 2014, and December 2014 
4
 VIC: Variable Infiltration Capacity Model; CLM: Common Land Model; Noah: National Centers for 

Environmental Prediction/Oregon State University/Air Force/Hydrologic Research Lab Model 
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3.2.4 Estimation of Surface Water Monthly Anomalies 

In an effort to meet water shortages in the Levant, several countries embarked 

on building surface water impoundments/dams. While mass variations in surface water 

storage are reportedly small relative to variations in soil moisture, groundwater, and 

snow mass in areas other than the humid tropical regions (Han et al., 2005; Rodell 

2013; Shamsudduha et al., 2012), the non-uniform distribution of surface water at a 

basin-scale can be an important factor to quantify groundwater changes from GRACE 

(Longuevergne et al., 2010; Longuevergne et al., 2013; Moore and Fisher, 2012). 

The Levant includes three major surface water bodies, namely: Lake Tiberias, 

Lake Asad, and the Dead Sea (Figure ‎3.1 a); the latter is by far the largest by volume, 

with a water storage of ~143 km
3
. Monthly variations in storage volume for the three 

surface water bodies are not available. As such, MOD09A1 data, a level 3 MODIS 

(Moderate Resolution Imaging Spectroradiometer) product, providing land surface 

reflectance data at 500 m resolution, were used to estimate the surface areas of these 

water bodies. The temporal and spatial resolutions of MOD09A1 (8 days; 500 meters) 

are appropriate to capture monthly changes in the surface water area (Ticehurst et al., 

2014). Band 2 (Near Infrared, 841-876 nm) and Band 7 (Short Wave Infrared, 2105-

2155 nm) were used to define the surface water areas through the adoption of a surface 

reflectance threshold value based on water’s unique absorption in the infrared region 

(Boschetti et al., 2014; Ji et al., 2009). MODIS-estimated monthly surface areas for 

Lake Asad and Lake Tiberias were converted to monthly water storage volumes using 

the GRanD equation developed for reservoirs (Lehner et al., 2011a; Lehner et al., 

2011b) (Equation 3.1). 
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V = 30.684*A
0.9578

 (3.1) 

Where  V = reservoir volume, (MCM) 

A = reservoir area, km
2
 

 

The GRanD equation was not used for the Dead Sea. The monthly volumes of 

the Dead Sea were estimated from the surface area-water level and volume-water level 

rating equations developed for the Dead Sea by Abu Ghazleh et al. (2011). The 

anomalies in surface water storage (SWS) were derived from monthly surface water 

storage volumes. The monthly anomalies were generated according to Longuevergne et 

al. (2013). 

 

3.2.5 Estimating Groundwater Storage Change 

The TWS variations obtained from GRACE include the combined 

contributions of groundwater, surface water, soil moisture, snow water equivalent, and 

biomass (Ferreira et al., 2013; Longuevergne et al., 2013; Rodell et al., 2009; Voss et 

al., 2013; Zmijewski and Becker, 2014). Contributions from biomass are negligible, 

given that seasonal and inter-annual changes in biomass are below GRACE detection 

limits (Ferreira et al., 2013; Rodell, 2013). As such, changes in TWS may be expressed 

by Equation (3.2). 

TWS = SWS + GWS + SM + SWE (3.2) 

Where  TWS = change in total water storage (mm of water depth equivalent) 

SWS = surface water storage (mm of water depth equivalent) 

GWS = groundwater storage (mm of water depth equivalent) 

SM    = soil moisture equivalent (mm of water depth equivalent) 

SWE = snow water equivalent (mm of water depth equivalent) 
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The errors in the groundwater anomalies were estimated based on Equation 

(3.3), which assumes first-order error propagation (Rodell et al., 2007; Voss et al., 

2013). 

 

𝜎𝑎𝐺𝑊 = √(𝜎𝑎𝑇𝑊𝑆)2 + (𝜎𝑎𝑆𝑊𝑆)2 + (𝜎𝑎𝑆𝑀)2 + (𝜎𝑎𝑆𝑊𝐸)2 (3.3) 

Where aGW = error in the data of the estimated groundwater anomalies 

aTWS = one-sigma error for total water storage due to leakage and measurement 

errors (Wahr et al., 2006) 

aSWS = assumed as 15%
5
 of the derived anomalies of surface water storage 

aSM and aSWE = one-sigma error for GLDAS-computed soil moisture and 

snow water equivalent estimated from the variability observed between 

the three LSMs respectively (Kato et al., 2007; Voss et al., 2013) 

 

3.2.6 Trend Analysis 

Monthly spatially averaged anomalies of TWS and the different water storage 

compartments were derived and analysed for seasonal signatures and annual trends. 

Seasonality was accounted for by the use of periodic sine and cosine functions. The 

annual trend was assessed by fitting a weighted multiple linear regression model that 

assumes a constant annual drop in volume across years after accounting for the 

seasonality in the system. Weighted regressions are generalizations of ordinary least 

squared regression; the former are able to discount measurement imprecisions and 

account for heteroskedastic data. The weights were defined as the inverse of the 

variance associated with each anomaly across TWS and the different water storage 

                                                 
5
 aSWS was varied between 5 and 25%. The change proved to have no statistically significant impact on 

the results of the study. 
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compartments of the system (𝑤𝑖,𝑗 =
1

𝜎𝑖,𝑗
2 ; where i represents the individual anomaly and j 

represents the corresponding water storage compartment). Similarly, a non-linear 

regression model was considered, whereby a change point in the annual trend is 

permitted over time; this model allows for a segmented relationship between the 

monthly water depth equivalent values and time. Segmented models can account for 

regime changes (Alameddine et al., 2011; Qian, 2010; Qian et al., 2003). Regression 

models were fit using the R statistical software (R Core Team, 2015). Segmented 

models were built using the “Segmented” package in R (Muggeo, 2008). Ninety five 

percent prediction intervals were also quantified in R. Prediction intervals account for 

the uncertainties in predicting individual observations (Qian, 2010). Trends for TWS, 

SWS, GWS, soil moisture, snow water equivalent, and precipitation were quantified in 

terms of mm of water change/year. 

 

3.2.7 Comparison with Field-Measured Groundwater Levels 

Monthly water levels from 25 groundwater-monitoring wells in Jordan for the 

period between January 2003 and December 2014 were obtained from the Jordanian 

Ministry of Water and Irrigation (Table A2.1 in Annex 3). Changes in the water level 

for each well over the study period were evaluated and compared with the GRACE 

estimated Levant-based groundwater storage trends as a means of corroborating the 

GRACE results. While regionally averaged GRACE results are not directly comparable 

with local well data (potential for ecological fallacy), the comparison does offer an 

opportunity to compare the results in terms of their order of magnitude (Scanlon et al., 

2012b). 
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Figure ‎3.2. Location map of the 25 groundwater monitoring wells in Jordan. 

 

3.3 Results and Discussion 

The trend analysis on the GRACE derived total water storage (TWS) 

anomalies did not support the presence of a segmented relationship with a distinctive 

change-point over time. A constant change in water levels over time proved to be better 

supported by the data. This indicates that the Levant, unlike the neighbouring 

Euphrates-Tigris basin and Western Iran (Becker, 2014; Voss et al., 2013), did not 

experience a dramatic drop in its groundwater storage following the onset of the 2007 

drought (Trigo et al., 2010). The model results show that the TWS has been declining at 

a rate of 10.640.48 mm/year over the study period (Table ‎3.2 and Figure ‎3.3 a), 

representing a loss of 3.330.15 km
3
 of water/year or the equivalent to 80% of the 

volume of Lake Tiberias. The annual trend for snow water equivalent (SWE) was also 

found to be declining at a slow rate of 0.0130.003 mm/year (Table ‎3.2 and Figure ‎3.3 

c). Despite its small magnitude, the observed decline in SWE might signal the effects of 

climate change on the region. Future projections for the study region foresee an increase 
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in temperature and evapotranspriation and a decrease in precipitation and snow 

(Immerzeel et al., 2011). The predicted annual drop in surface water amounted to 

0.090.02 mm/year over the study area, (Table ‎3.2 and Figure ‎3.3 d), representing a loss 

of 0.0280.006 km
3
 of water per year or the equivalent to 8.5% of Jordan’s dam 

capacity. Soil moisture also exhibited a decreasing annual trend; yet the trend was not 

statistically significant (Table ‎3.2 and Figure ‎3.3 b). The trend for groundwater storage 

anomalies revealed a decline of 9.850.47 mm/year over the study period (Table ‎3.2 

and Figure ‎3.3 e), which amounts to ~93 percent of the TWS decline observed for the 

Levant or to a loss of 42% of the total estimated annual groundwater consumed in the 

region. This is not surprising given that the Levant has a low groundwater recharge rate 

that is estimated to range between 0 and 5 mm/year (Dölle and Flörke, 2005). 

 

Table ‎3.2. Trend analysis equations for the monthly anomalies of water storage change for total water 

storage (TWS), soil moisture (SM), snow water equivalent (SWE), surface water (SW), groundwater 

(GW) 

Water storage component Trend equation Adjusted R2 

Total water storage (TWS) TWS = 60.13 -10.64(Year-2003) + 39.4Sin(2πJday/365) + 

7.93Cos(2πJday/365) 

0.87 

Soil moisture (SM) SM = -0.46 + 0.86Sin(2πJday/365) + 2.94Cos(2πJday/365) 0.76 

Snow water equivalent 

(SWE) 

SWE = -0.12 -0.013(Year-2003) + 0.06Cos(2πJday/365) 0.23 

Surface water (SW) SW = 0.51-0.09(Year-2003) + 0.37 Sin(2πJday/365) -

0.16Cos(2πJday/365) 

0.11 

Groundwater (GW) GW = 55.66 -9.85(Year-2003) + 39.02Sin(2πJday/365) 0.86 

Jday refers to Julian day. Jday=1 corresponds to January 1 and Jday= 365 to December 31. 
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Figure ‎3.3. Monthly anomalies of water storage change for (a) total water storage (TWS) (trend is -

10.640.48 mm/year), (b) soil moisture (no significant annual trend), (c) snow water equivalent (SWE) 

(trend is -0.0130.003 mm/year), (d) surface water (trend is -0.090.02 mm/year), and (e) groundwater 

(trend is -9.85.0.47 mm/year), along with (f) GLDAS derived rainfall data for study region. Anomalies 

are represented by a solid back circle; the black vertical segment represents ± 1 standard deviation. In 

figures (a) through (e), the centerline represents the mean values while dotted lines represent 95% 

prediction intervals. The grey dashed vertical line refers to the March 2006 and the black dashed vertical 

line refers to September 2008 in (a) and (e). 
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All water storage components exhibited strong seasonal patterns. Overall, the 

TWS within the Levant reaches its maximum in mid-March, while annual minima occur 

towards the end of September (Figure ‎3.3 a). Soil moisture and SWE are at their highest 

levels towards the end of December, with levels declining afterwards to reach their 

lowest in mid-July. Surface water levels are in general lowest in September and highest 

in early March; the seasonal pattern is largely dominated by the seasonal changes in the 

Dead Sea and Lake Asad. Seasonal variation of groundwater storage shows that levels 

reach their minimum in October before recovery starts; levels reach their maximum in 

April. 

Overall, the multiple linear regression trend analysis models developed for 

TWS and groundwater captured a large part of the observed variability in the data with 

an adjusted R
2 

of 0.87 and 0.86, respectively. However, the models under predicted total 

and ground water storage around March of the year 2006 (grey dashed vertical line in 

Figure ‎3.3 (a) and 2(f)). The models also tended to under-predict the decline in the 

storage of total and ground water at the end of 2008 (September 2008; solid black 

vertical line in Figure ‎3.3 (a) and 2(f)). The model’s under-prediction can be attributed 

to the drought of 2007-2008, which were the driest two years experienced over the 

entire study period (Figure ‎3.3 (f)). Note that while 2009 was a good year with regards 

to the amount of rainfall, the model tended to over-predict the recovery of the system. 

The poor correspondence could be an indication of a time lag in the system’s recovery, 

whereby the groundwater aquifers towards the end of 2009 were still recovering from 

the drought events of 2007 and 2008. 
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Based on Table 3 the annual groundwater losses in the Levant were around 

3.08 km
3
/year. The estimated annual drop for the region appears to be slightly higher 

than the groundwater depletion rate (2.29 km
3
/year) reported by Döll et al. (2014) for 

Israel, Jordan, and Syria for the period 2000-2009. Moreover, the groundwater losses in 

the Levant appear to account for 11.5% of the losses estimated for the entire MENA 

region (26.8 km
3
/year) (Wada 2016). Given that the Levant accounts for 3.6% of the 

total area of the MENA, the losses in the study area are significantly higher than the rest 

of the MENA region. Trends in the neighbouring Euphrates-Tigris (ET) region, that 

bounds the Levant to the east, appear to be even more extreme than the losses predicted 

in the Levant. In the ET, losses in total and ground water storage between 2003 and 

2009 were estimated at 27.20.6 mm/year and 17.32.1 mm/year, respectively (Voss et 

al., 2013), which are around 2.6 and 1.8 folds higher than the rates of decline in the 

Levant. 

 

Table ‎3.3. Water storage trends in the Levant study region from January 2003 to December 2014 

Water Storage 

Component 
Trend (mm/year) Volume Change (km

3
/year) 

GRACE Total Water -10.64  0.48 -3.33  0.150 

Snow Water Equivalent -0.013  0.003 -0.004  0.001 

Soil Moisture 0 0 

Surface Water Estimate -0.09  0.02 -0.028  0.006 

Groundwater -9.85  0.48 -3.08    0.150 

 

The declining groundwater levels in the Levant are a direct result of low 

natural recharge, over pumping, high number of illegal wells, heavy reliance on 

agriculture, poor water infrastructure, weak regulations and institutions, and water 

tariffs that do not reflect the real cost of water. While these problems are not necessarily 
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common to all countries, they are representative of the region as a whole. The 

overexploitation of groundwater resources in Jordan, the driest region in the Levant, is 

well established (FAO, 2014; Goode et al., 2013). Results from 25 groundwater 

monitoring wells in Jordan revealed that 84 percent of the wells have experienced a 

significant annual drop in the water table (Figure ‎3.4) with more than half of the wells 

exhibiting a drop in excess of 0.41 m/year. Twenty five percent showed a drop in excess 

of 0.78, reaching up to 3.65 m/year. This can be attributed to the fact that Jordan relies 

heavily on its groundwater resources, much of which is pumped at more than 150 

percent of safe yields (El-Naqa and Al-Shayeb, 2009). Using a median annual water 

table drop rate (0.41 m/year) and multiplying it by representative specific yields of 

Jordanian groundwater aquifers (between 0.03 and 0.12) (MWI, 2001), indicates that 

groundwater levels in these wells have decreased at a significantly faster rate (12.3-49.2 

mm/year) than the GRACE estimated Levant averaged rate of 9.85 mm/year. 

 

Figure ‎3.4. Evaluation of change in groundwater level drop for 25 groundwater monitoring wells in 

Jordan. 

X-axis represents mean annual drop; y-axis represents the cumulative distribution function. 

Solid horizontal line represents the median drop across all wells.  

Black dashed lines correspond to the central 75% interquartile range. 
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Groundwater tables in the rest of the Levant are also reported to be declining. 

Though Lebanon is reported to have more abundant water resources as compared to 

Jordan, its groundwater is also facing significant stress due to over extractions (Ministry 

of Energy and Water, 2010; Ministry of Environment, 2011). Most of the country’s 

coastal aquifers are over-exploited, whereby 150 MCM/year are pumped beyond the 

safe yield (Ministry of Energy and Water and UNDP, 2014). Similarly, the inland 

aquifers suffer from overexploitation by the agricultural sector with reported 

deficiencies ranging between 34.2 and 45.7 MCM (Ministry of Energy and Water and 

UNDP, 2014). This has led to seawater intrusion along the coastline and the drying up 

of wells in the inland areas (El-Fadel et al., 2014; El Moujabber et al., 2006; Ministry of 

Environment, 2011). 

The situation is not much different in Syria, where the decline in water levels 

and the drying-up of wells due to over-exploitation of groundwater resources by the 

agricultural sector have been reported (Luijendijk and Bruggeman, 2008), with some 

studies indicating that 78 percent of all groundwater withdrawals are unsustainable 

(Akesson and Falk, 2015). Average drops in the water table of 1.4-1.5 m/year over the 

past 25 years have been recorded at wells near Aleppo in north-western Syria (Aw-

Hassan et al., 2014; Rodriguez et al., 1999), with an equivalent depletion rate ranging 

between 9.5 and 118 MCM/year (Luijendijk and Bruggeman, 2008). 

In the West Bank, declining groundwater levels have not been reported since 

the PA’s average annual abstraction from wells and springs is set by the Oslo-II 

agreement (Palestinian Water Authority 2010) and is closely monitored by Israel. In 

Gaza groundwater resources are over-abstracted causing a decline in the water table (at 

a rate of up to 1 m/year), especially in the southern part where a drop of over 15 m was 
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observed (Palestinian Water Authority 2010; UN-ESCWA and BGR, 2013). Declining 

water levels is expected to persist in Gaza resulting in irreversible damage to the coastal 

aquifer due to seawater intrusion (Al-Yaqubi et al., 2007). 

On the positive side, progress in attenuating the main drivers of groundwater 

over-abstraction has been made in Israel by controlling network losses down to 10-12 

percent and practicing advanced groundwater monitoring (Rejwan, 2011). Israel has 

also invested in advanced irrigation systems and increased its reliance on treated 

domestic wastewater and brackish water to supply 52 percent of the irrigation water 

(Rejwan, 2011). Still, water prices in the agricultural sector remain below the actual cost 

of production and conveyance (Rejwan, 2011). Similar to Israel, Jordan has invested in 

non-conventional water resources, including wastewater reuse for irrigation and 

desalinating brackish water for potable uses. It has also adopted advanced irrigation 

techniques in its agricultural sector, where irrigation efficiency is reported at ~79 

percent (Al-Omari et al., 2015). While the use of non-conventional water resources, 

such as wastewater treatment and reuse, within the PA is limited due to political 

impediments (Palestinian Water Authority, 2010), the PA adopted advanced irrigation 

systems similar to those in Israel. As for Lebanon and Syria, they have made little 

progress at the level of developing non-conventional water supplies and in adopting 

advanced irrigation systems. 

Evidently, the Levant countries are in dire need to secure new water supply 

sources towards coping with the large volumes of potentially lost water from the 

system. Efforts in that direction have been initiated with Israel having its coastal 

desalination program that will provide 750 MCM/year by 2020 (Israel Water Authority, 

2012) and Jordan’s Red Sea desalination Project (JRSP) providing 370 MCM/year by 
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2025 (Government of Jordan, 2011). Yet, the additional supply expected through these 

desalination programs represents only 36% of the estimated annual decline in 

groundwater storage for the Levant. As such, structural changes in water management 

within the Levant are imperative, especially in the agricultural sector and towards 

promoting collaboration over the sustainable management of shared water basins. 

 

3.4 Conclusion 

The evaluation of GRACE derived groundwater storage variations within the 

Levant region reveals a considerable declining trend of 3.08  0.15 km
3
/year that is 

around 1.15 times the combined amount of annual irrigation water consumed by Israel, 

Jordan, Lebanon and the Palestinian Authority. While the Levant region is embarking 

on expanding its sources of water by investing in non-conventional water projects, 

particularly desalination, the existing and proposed projects will supply only 36% of 

the estimated annual drop in groundwater. This highlights the significance of demand 

management measures, especially in the agricultural sector. The countries are bound to 

consider water demand management and collaborate on issues related to shared water 

basins and the development of regional water supply projects. 

In closure, while the results provide an overall understanding of the general 

trends within the study region and are critical for setting broad regional or national 

policies, it is imperative to recognize that these results cannot be interpreted at the level 

of individual countries due to the limitations associated with the low spatial resolution 

of GRACE data. The accuracy of GRACE recovered mass variations increases with the 

area of the study region (Ahmed et al., 2011; Wahr et al., 2006) and as such the 

interpretation of the results are of sufficient accuracy for understanding general trends in 

water resources storage in the region rather than to set national water policies.  
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CHAPTER 4 

COMPARATIVE ASSESSMENT OF JOINT WATER 

DEVELOPMENT INITIATIVES IN THE JORDAN RIVER 

BASIN 

 

4.1 Introduction 

Conflicts over shared water resources in the Jordan River Basin (JRB) are 

associated with scarcity of resources amongst riparian countries
6
. While achieving a 

consensus allocation strategy coupled with effective management of the basin’s water 

may decrease water shortages (King and Jaafar, 2015), the need to augment water 

supplies remains a priority particularly for the lower JRB, where the Palestinian 

Authority (PA) experiences the lowest per capita annual water withdrawal of around 80 

m
3
/capita/year followed by Jordan and Israel at around 190 and 290 m

3
/capita/year, 

respectively, with all three being well below the “absolute scarcity” benchmark of 500 

m
3
/capita/year (FAO, 2016). Water scarcity in the basin is expected to worsen with the 

increase in water demand brought about by continued population and economic growth, 

accompanied by urbanization, and exacerbated by potential climate change impacts 

(Chen et al., 2015; Becker et al., 2012; Gunkel and Lange, 2012; Comair et al., 2013; 

El-Fadel, 2010). The basin is experiencing a drop in precipitation, which is partially 

attributed to increased concentrations of aerosols (Givati and Rosenfeld, 2004; 2007). 

Moreover, global circulation simulations are projecting that the basin will experience an 

increase in temperature and a decrease in precipitation and consequently an increase in 

water demand (Hoff et al., 2011). This harsh hydrological setting is further complicated 

by the deep-rooted Arab-Israeli political conflict involving territorial disputes and issues 

                                                 
6
 Israel, Jordan, Lebanon, Palestinian Authority, and Syria. 
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of national identity and security (Libiszewski, 1997; Medzini and Wolf, 2004). 

At present, the three most stressed riparians (Israel, Jordan, and PA) derive an 

appreciable amount of their renewable freshwater from the JRB and the groundwater of 

the Mountain Aquifer (between Israel and PA). A simple preliminary assessment of 

available freshwater resources for the three riparians reveals that existing resources are 

insufficient to meet current and future needs of the region, irrespective of allocation. 

Taking the Israeli 2050 per capita water allocation rate of 230 m
3
/capita/year 

(Israel Water Authority, 2012) as a benchmark for the entire basin, a general water 

balance was calculated to compare water demands to the natural renewable freshwater 

water supply (i.e., excluding any non-conventional water resources such as desalination 

or wastewater reuse) in those countries using two scenarios: a) holding the consumption 

rates across countries steady over time and dividing the national available natural 

renewable freshwater resources for each country by its total population, and b) 

assuming an equal distribution of the total available natural renewable freshwater 

resources over the total sum of their populations. The Israeli and Jordanian populations 

were based upon projections reported by Israel Statistical Abstract (ICBS, 2011) and the 

Jordan’s Department of Statistics population projection for the time period 2010 - 2030 

(DOS, 2014), respectively. The population within the Palestinian Authority was based 

on the Palestinian Central Bureau of Statistics estimates (PCBS, 2016) with a 2.8% 

linear population growth rate. The results (Figure ‎4.1) show that irrespective of water 

allocation scenario between riparians and despite using the rate of 230 m
3
/capita/year 

which is well below “the absolute water scarcity” benchmark of 500 m
3
/capita/year, all 

countries will experience an ever increasing deficit over time (Figure ‎4.1). 
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(a) 

 
(b) 

Figure ‎4.1. Average per capita water deficit in Israel, Jordan, and the Palestinian Authority based on 

available natural freshwater resources and excluding non-conventional water resources (Pop. = 

Population; M = million). (a): deficits based on available natural renewable freshwater resources for each 

country, assuming a constant water demand of 230 m
3
/capita/year. (b): deficits based on total available 

natural renewable fresh water resources in the lower Jordan River Basin equally distributed amongst the 

three riparians based on respective populations. 

 

The projected water deficits establish a need for securing additional supplies to 

alleviate water scarcity. As such, a growing program of desalination plants has been 

initiated in Israel along the Mediterranean Coast, with the aim to supply nearly 23 

percent of the country’s projected 2050 water needs; but for Jordanians and 

Palestinians, the situation remains bleak. Jordan is heavily dependent on external water 

resources, which account for 27.2 percent of its total renewable water resources (FAO, 
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2016); and it will probably remain so in the future (Schyns et al., 2015). The Jordanians 

are already overexploiting existing non-renewable groundwater resources (the Disi 

aquifer) and have limited sea access for desalination along the Aqaba coast (Red Sea), 

which is around 350 km away from the capital Amman, where more than 70 percent of 

the population reside. The Palestinians in Gaza and West Bank have access to around 28 

MCM/year of spring water and around 246 MCM/year of groundwater, some 

desalinated water (4.7 MCM/year) and water purchased from the Israeli water company, 

Mekorot (63.5 MC/year) (PCBS, 2014a). In Gaza, people resort to over-pumping from 

the coastal aquifer. As for the potential of developing further resources, the Palestinians 

face restrictions on accessing fresh water resources from the Mountain Aquifer and the 

JRB (Dbaibes-Murad, 2009; Abu Zahra, 2001) and do not have access to other sources, 

particularly in the land-locked West Bank. 

With increasing withdrawals from the JRB, the total inflow to the Dead Sea 

have dropped from the historical natural flow rate of ~1,370 MCM/year to ~120 

MCM/year in recent years (Chen and Weisbrod, 2016; World Bank, 2012a). As such, 

the levels of the Dead Sea have continuously declined from 397 m below sea level in 

1970 to 423 m below sea level in 2010, resulting in a 24 percent shrinkage in its surface 

area (from 764 km
2
 to 583 km

2
) (Abu Ghazleh et al., 2011; World Bank, 2012b). Even 

with its current rate of decline that is reported to be around 1 m/year (Abu Qdais, 2008), 

its disappearance is not likely since increased salinities will reduce the amount of annual 

evaporation. It is anticipated that the Dead Sea will stabilize at a level of -550 m 

(surface area of 450 km
2
) (Abu Ghazleh et al., 2011; Closson et al., 2010). 
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Declining water levels have resulted in adverse environmental consequences in 

the basin including a lower groundwater table within the Dead Sea basin, formation of 

sink holes and subsidence of existing infrastructure, loss of recreational value as well as 

potential loss of industrial development (mainly potash industry), disruption of the basin 

ecosystem with changes to the landscape and the loss of the cultural symbol of the Dead 

Sea region, and potential increase in incidence of dust storms with associated harm to 

fertile lands (Abu Ghazleh et al., 2011 and 2010; World Bank, 2010; Abu Qdais, 2008; 

Beyth, 2007). 

Additional water supplies are thus critical to meet essential water demands, to 

maintain the Dead Sea’s level, and to eventually reverse the decreasing trend. Several 

alternatives have been put forth in the past decades to supply the Dead Sea and the JRB 

with “new” water, including the construction of the Red Sea-Dead Sea Conveyance 

(RSDSC) that will be shared among Israel, Jordan, and the PA (World Bank, 2012a and 

2012b; Comair et al., 2013; Mohsen, 2007); a canal extending from the Mediterranean 

Sea in Israel to the Dead Sea (Beyth, 2007); diverting water from Turkey into the JRB 

(Mohsen, 2007); diverting water from the Litani River Basin of Lebanon into the JRB 

(Shuval, 2000); and an agreement for a Red Sea desalination project in the south of 

Jordan at Aqaba coupled with swapping of water among Israel, Jordan, and PA from 

Lake Tiberius (Barnea, 2013; Al-Khalidi, 2015). A general layout of those various 

alternatives and their potential routes is illustrated in Figure ‎4.2 and a summary of each 

is provided in Table ‎4.1. Moreover with advancements in desalination technology, the 

development of national seawater desalination programs for each riparian can serve as a 

source of new water supply (Table ‎4.1). 
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Mediterranean - Dead Sea Conveyance, Red Sea - Dead 

Sea Conveyance (RSDSC), and Litani Water 

Conveyance 

 
Seawater desalination and gray water swapping 

 
Water transport from Turkey to the region by shipping, surface and/or undersea pipelines 

Figure ‎4.2. Illustration of conveyance routes of multi-country water supply alternatives. Water costs are 

based on 2012 references or have been standardized to the year 2012 using annual average Consumer 

Price Indices. I: Israel; J: Jordan; L: Lebanon; PA: Palestinian Authority; S: Syria; T: Turkey. References 

for alternatives A, B, & C: Allan et al., 2012; Beyth, 2007, D: IPCRI, 2010, E: IPCRI, 2010; Ariyoruk, 

2003, G: Shuval, 2000; H: Barnea, 2013; Al-Khalidi, 2015. 

http://www.washingtoninstitute.org/experts/view/ayca-ariyoruk
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The objective of this paper is to compare the various regional and local water 

supply development projects in terms of preference for implementation to augment 

water supply in the riparian countries of the lower JRB. The comparison is carried out 

by ranking the preference for implementing the identified alternatives using multi-

criteria decision analysis and taking various technical, economic, environmental, and 

political constraints into consideration. 

 

4.2 Methodology 

Multiple Criteria Decision Analysis (MCDA) is a tool for comparing 

alternatives (policies or projects) by using a standardized scale for evaluation criteria to 

reach a transparent and analytical decision (Yilmaz and Harmancioglu, 2010; 

Hajkowicz and Higgings, 2008; Hajkowicz and Collins, 2007; Prato and Herath, 2007; 

Mooney et al., 2012; Kheireldin and Fahmy, 2001). A variety of MCDA techniques 

have been applied to rank or score water resources management alternatives with one 

commonly used technique being the Simple Additive Weighting (SAW) (Memariani et 

al., 2009; Hajkowicz and Higgins, 2008). Several studies compared the performance of 

the SAW with other MCDA methods for ranking such alternatives. Their results have 

shown that there is a close agreement among these methods with no clear 

methodological advantage to any single technique (Yilmaz and Harmancioglu, 2010; 

Karamouz and Zahraie, 2003; Chowdhury and Rahman, 2008). In fact, according to 

Zanakis et al. (1998), the SAW emerged as one of the best performers among a group of 

eight MCDA methods. Moreover, Hajkowicz and Higgins (2008) argued that the SAW 

approach is a relatively simple technique whose output is in strong agreement with other 

approaches. For any applied MCDA technique, the most sensitive step is the selection 
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of decision options, evaluation criteria and performance measures (Yilmaz and 

Harmancioglu, 2010; Hajkowicz and Higgins, 2008; Hajkowicz and Collins, 2007; 

Karamouz and Zahraie, 2003). As such, this study used the SAW method to assess the 

proposed alternatives. 

In this application of SAW, the formulated decision problem is to rank the 

identified water supply development alternatives (Table ‎4.1) for preference of 

implementation with respect to addressing the regional water deficit and enhancing 

cooperation in the lower JRB. The alternatives are evaluated against a set of 8 criteria. 

Performance indicators are identified for the selected criteria along with a scoring 

system (Table ‎4.2 and Table ‎4.3). Accordingly, scores are assigned to each alternative 

on each criterion (Table ‎4.4) and then multiplied by the importance weights for each 

criterion as defined by various scenarios (Table ‎4.5). The total score for each alternative 

is then computed by summing over all weighted criteria (Equation 4.1). 

𝑈𝑖 =  ∑ 𝑅𝑖,𝑗𝑊𝑗
𝑚
𝑗=1  (4.1) 

 

Where i = number of alternative being evaluated (from 1 to 10); j = number of 

evaluation criterion (from 1 to 8); Ui= overall score for i
th

 alternative, ranging between 0 

and 5; Ri,j = normalized score assigned to alternative i with respect to criterion j; and Wj 

= weight assigned to j
th

 criterion with the total value for all the criteria weights (Wj) set 

to one (∑ 𝑊𝑗 = 1
𝑗
1 ). Alternatives can thus be ranked based on the resulting scores (Ui), 

whereby a higher score represents a better ranking. Note that two alignments are 

proposed for the Mediterranean-Dead Sea project and thus each has been assessed 

independently. 
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Table ‎4.1. Feasibility and limitations of proposed water augmentation alternatives in the Jordan River Basin countries 

Alternative Proposed  
Route 

Beneficiary  
Country(ies) 
a 

New Water  
Quantity 

Cost of  
water b 

Expected  
Life Span 

Feasibility Limitations 
Status 

Multi-Country Water Supply Development Alternatives 

Red Sea - Dead 
Sea 

Conveyance 

(RSDSC) 

From Red Sea 
shore at Aqaba 

City to the 

shores of the 
Dead Sea, 

strictly within 

Jordanian 
territories 

Israel, 
Jordan, and 

PA 

350-850 
MCM/year 

(World 

Bank, 
2012a)  

1.11 - 1.5 
US$/m3 

(Allan et al., 

2012) 

~40 years 
(Allan et al, 

2012) 

Sustainable water source to 
the three beneficiaries. 

Stabilizes the Dead Sea level. 

Encourages cooperation. 
Power requirement partly 

subsidized by internal 

hydropower. 
Water quality suitable for 

direct use without further 
treatment. 

Very high capital cost estimated at around 11 billion USD 
(World Bank, 2012a; MWI, 206) and high cost of water to 

end users. 

Overall medium environmental impacts expected on land 
and ecosystems even with implementation of an 

environmental management plan (World Bank, 2012b). 

Energy intensive with a carbon footprint between 0.65 to 
4.35 million tons of CO2 per year for the time period 2020 

to 2060 depending on various configurations (World Bank, 
2012a). 

Underwent a 
feasibility and 

environmental 

impact assessment 
program by the 

World Bank, but 

little progress has 
been achieved in 

realizing it due to 
financial 

constraints (MWI, 

2016) 

Mediterranean- 
Dead Sea Canal 

Two proposed 
alignments: 

Southern (90 

km), and 
Northern (65-70 

km). 

Both are from 

the 

Mediterranean 
Sea to the Dead 

Sea shore strictly 

within Israeli 
territories 

Israel, 
Jordan, and 

maybe PA 

Southern 
Alignments: 

800 

MCM/year 
 

Northern 

Alignment: 

200-600 

MCM/year 
 

(Beyth, 

2007) 

Southern 
Alignment: 

0.85-0.93 

US$/m3 
 

Northern 

Alignment: 

1.14-1.38 

US$/m3 
 

(Allan et al., 

2012) 

Assumed to 
be ~40 years 

similar to 

RSDSC 

Sustainable water source to 
Israel as the main beneficiary 

and may serve as a 

sustainable source for Jordan. 
Only Southern alignment 

helps stabilize the Dead Sea 

level. 

Canal route options are 

shorter and cheaper than that 
of Red Sea-Dead Sea. 

Desalination cost is declining 

with advances in technology. 
Water quality suitable for 

direct use without further 

treatment. 

Very high capital cost and high cost of water to end users. 
Northern alignment does not address problem of declining 

Dead Sea level. 

As a large-scale desalination plant, serious environmental 
concerns are imperative with respect to marine ecosystem 

due to seawater intakes and brine disposal (Cooley et al., 

2013). 

Desalination plants have high carbon footprints due to 

energy consumption (Liu et al., 2015; Shrestha, 2010). 
High probability to face hegemony by Israel as manifested 

in Israeli sharing approach for other transboundary 

resources such as Mountain Aquifer, Jordan River and Lake 
Tiberias. 

Not a solution to Jordan’s serious water scarcity. 

Does not promote cooperation. 
Cannot attain international funding. 

Has been 
abandoned due to 

economic 

infeasibility and 
international 

objection to 

funding the 

construction of 

such a large scale 
alternative on a 

unilateral Israeli 

basis. 

Water transport 

from Turkey 

via surface 
pipeline, “Mini 

Peace Line”, 

from Seyhan 
and Ceyhan 

river basins in 
Mediterranean 

coast 

From Seyhan 

and Ceyhan 

Rivers in Turkey 
through Syria to 

Jordan and PA 

over a distance 

of 800 km 

Israel, 

Jordan, PA, 

and Syria 

2,190 

MCM/year 

(IPCRI, 
2010) 

0.53 US$/m3 

(IPCRI, 

2010) 

Not 

determined. 

Assumed to 
be similar to 

water 

shipping 
which is 20 

years 

Provides a large amount of 

water to Jordan and PA. 

Original plan can be 
expanded to include Israel. 

Encourages cooperation. 

Relatively acceptable cost of 
water to end users. 

Large-scale water 
conveyance has a smaller 

carbon footprint than 

desalination plants (Liu et al., 
2015; Shrestha, 2010). 

High capital cost at around 5 billion USD. 

Does not address the declining Dead Sea level. 

Large-scale conveyance projects have high ecosystem and 
land degradation impacts during construction and medium 

level impacts during operation (World Bank 2004). 

Subject to variability due to climate change influence on 
available freshwater resources. Hence, might not be reliable 

for long-term periods such as 20 years. 
Subject to political conflict. Pipeline to pass in Syria that 

has disputes with Turkey over water and is engulfed in civil 

war. Also, anticipated Syrian objection to any form of 
cooperation with Israel. 

Fresh water may require further treatment before 

distribution. 

Currently not 

possible to bring 

Syria to participate 
on an alternative 

with Israel and 

Turkey due to the 
Israeli occupation 

of the Syrian 
Golan Heights and 

the involvement of 

Turkey in the 
ongoing civil war. 

http://en.wikipedia.org/wiki/Dead_Sea
http://en.wikipedia.org/wiki/Dead_Sea
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Alternative Proposed  

Route 

Beneficiary  

Country(ies) 
a 

New Water  

Quantity 

Cost of  

water b 

Expected  

Life Span 

Feasibility Limitations 

Status 

Water transport 

from Turkey by 
shipping from 

Manavgat river 

basin 

From Manavgat 

River in Turkey 
to Ashkelon port 

in Israel over a 

shipping distance 
of 500-600 km 

Israel and 

maybe PA 

50 

MCM/year 

1.0-1.05 

US$/m3 

(IPCRI, 

2010; 

Ariyoruk, 
2003) 

20 years 

(IPCRI, 
2010) 

Facilities for water loading at 

Turkey have already been 
built. 

Reasonable shipping 

distance. 
Technology may be 

replicated as a solution for 

the water scarcity in Gaza. 

Opportunity for Israel to 

pump less water from Lake 

Tiberias and in turn allow 
more water flow in the Jordan 

River and into the Dead Sea. 

More expensive than desalination due to transportation 

costs with a relatively high cost of water to end-users. 
Addresses only part of the current water shortage 

experienced by Israel but not by Jordan and the PA. 

Does not address the problem of the declining Dead Sea. 
Unsustainable solution that draws on the water resources of 

another basin. 

Low-level environmental impacts anticipated on terrestrial-

marine ecosystems with potential land degradation. 

Carbon footprint from shipping as a medium level impact 

since it is greater than that associated with conveyance but 
less than carbon footprint of large-scale desalination plants. 

Subject to variability due to climate change influence on 

available freshwater resources. Hence, might not be reliable 
for long-term periods of 20 years. 

Political tensions that arise and subside between Israel and 

Turkey hamper such an arrangement in the near future. 
Fresh water may require further treatment before 

distribution. 

The Israeli-

Turkish agreement 
signed in March 

2004 to purchase 

water for twenty 
years was 

cancelled due to 

the high cost of 

delivered water. 

Still, the idea 

could be revived 
on a commercial 

scale as regional 

water shortages 
become more 

severe and 

political relations 
improve. 

Water transport 
from Turkey 

via undersea 

pipeline from 
Seyhan and 

Ceyhan river 

basins 

From Turkey's 
Mediterranean 

port of Ceyhan 

to the port of 
Haifa over a 

distance of 500 

km 

Israel Not 
determined. 

Assumed to 

be between 
100 to 500 

MCM/year. 

Not 
reported, but 

can be safely 

assumed to 
be high, 

given the 

alternative’s 
high capital 

cost and 

conveyance 
distance. 

Not 
determined. 

Assumed to 

be similar to 
water 

shipping at 

20 years 

Additional source of water 
for Israel. 

Enhanced bilateral relations 

between Israel and Turkey. 
Not influenced by Israeli 

political disputes with 

neighbouring Arab countries. 
May be an opportunity for 

Israel to pump less water 

from Lake Tiberias hence 
allowing more water flow in 

the Jordan River and into the 

Dead Sea. 
Being similar to large-scale 

overland water conveyance, 

an undersea water 

conveyance pipeline is 

assumed to have smaller 
carbon footprint than 

desalination plants. 

High capital cost of 2.5 - 4 billion USD. No estimated 
water cost. The proposed investment range indicates a 

relatively high cost per cubic meter of water. 

Technical concerns regarding availability of pipes that 
would be able to withstand the pressure exerted by the 

seawater depth between Turkey and Israel. 

Addresses only part of the current water shortage being 
experienced by Israel but not by Jordan or the PA. 

Does not address the declining Dead Sea. 

Similar to large-scale overland conveyance projects, the 
undersea pipeline is anticipated to have high marine 

ecosystem impacts during construction, some of which may 

persist during the operation phase. 
Subject to variability due to climate change influence on 

available freshwater resources. Hence, might not be a 

reliable option for a long-term period of 20 years. 

Freshwater may require further treatment before 

distribution. 

In September 
2013, Israel 

declared the 

appointment of a 
team of experts to 

advance the 

negotiations for 
this undersea 

infrastructure 

corridor 

http://www.washingtoninstitute.org/experts/view/ayca-ariyoruk


77 

Alternative Proposed  

Route 

Beneficiary  

Country(ies) 
a 

New Water  

Quantity 

Cost of  

water b 

Expected  

Life Span 

Feasibility Limitations 

Status 

Litani River 

Water 
Conveyance 

From Litani 

River of 
Lebanon to 

Lower Jordan 

River Basin 

Israel, 

Jordan, and 
PA 

100 

MCM/year 

0.33 US$/m3 

(Shuval, 
2000) 

25 to 30 

years 
(Gotlibovski 

1996) 

Allows for additional water 

flow within the Jordan River. 
Encourages cooperation. 

Relatively low cost of water 

end users. 
Large-scale water 

conveyance has a smaller 

carbon footprint than 

desalination plants (Liu et al., 

2015; Shrestha. 2010). 

Lebanon has been experiencing water shortage and needs 

all its water resources. 
Does not address the declining Dead Sea level. 

As a large-scale conveyance, has high ecosystem and land 

degradation impacts only during construction. Operation 
phase has medium impact (World Bank 2004). 

Subject to variability due to climate change influence on 

available freshwater resources. 

Impeded by the existing political conflict between Lebanon 

and Israel. 

Additional delivered water is not enough to bridge an 
appreciable percentage of the water gap faced by the lower 

JRB. 

The Litani River water requires treatment before 
distribution. 

Considered non-

viable since 
Lebanon has been 

experiencing water 

shortage and 
already started 

implementing the 

diversion projects 

of the Litani and 

Awali rivers to 

Beirut and South 
Lebanon. 

Proposal not 

discussed among 
riparians and only 

suggested by 

Israel. 

“Red Sea 

Desalination” 

as “Phase I” of 
the RSDSC and 

water swapping 

from Lake 
Tiberius 

Agreement 

signed in 2013 

among Israel, 
Jordan and PA as 

“Phase I” of the 

RSDSC. Jordan 
to desalinate 

water through 

“Red Sea 
Desalination” 

project at Aqaba 

and supply the 
water to southern 

Israel in return 

for transfering 
water from Lake 

Kinnert to 

Jordan and PA. 

Brine to be 

discharged in the 
Dead Sea in a 

205-km pipeline 

(MWI 2016). 

Israel, 

Jordan, and 

PA 

140-160 

MCM/year. 

Desalination
: 80-100 

MCM/year: 

40 MCM to 
Israel and 

the rest to 

Jordan at 
Aqaba. 

Water swap: 

Israel 
provides 50 

and 30 

MCM/year 
of Lake 

Tiberius 

water to 

Jordan and 

PA 
respectively. 

(Al-Khalidi. 

2015; 
Barnea. 

2013) 

Desalination

: 

Not 
determined, 

but should 

not exceed 
reported 

ranges of 

desalinated 
water cost 

since no 

conveyance 
over large 

distances is 

needed to 
reach end 

users. 

Water swap: 

Jordan to 

buy Tiberias 
water from 

Israel at 0.42 

US$/m3 
(MWI, 

2016) 

Assumed at 

~40 years 

similar to 
RSDSC 

Sustainable additional source 

of water to Israel, Jordan, and 

PA. 
Encourages cooperation and 

enhanced relations between 

Israel, Jordan and PA. 
Not influenced by Israeli 

political disputes with other 

neighbouring Arab countries. 
No estimated water cost. 

However, it is considered to 

be a relatively acceptable cost 
of water to end-users as 

desalination cost is declining 

with advances in technology. 
Desalination project 

estimated to cost 900 MUSD 

(Barnea, 2013). 

Contributes to Jordan water resources but is not a solution 

to its serious water scarcity. 

Partly addresses the declining level of the Dead Sea by 
providing an amount of brine for disposal into the Dead Sea 

(~300 MCM/year), which is not adequate to revert its level. 

Desalination plants have serious environmental concerns 
with respect to marine ecosystem and potential impacts of 

seawater intakes and brine disposal (Cooley et al., 2013). 

The desalination plant will be energy intensive and will 
have a high carbon footprint (Liu et al., 2015; Shrestha, 

2010). 

Additional delivered water is not adequate to bridge an 
appreciable percentage of the water gap faced by the lower 

JRB. 

Gray water requires further treatment before distribution. 

The 

implementation of 

the Red Sea 
Desalination 

Project at Aqaba 

has been initiated 
and 

prequalification of 

companies, 
investors and for 

its development is 

under 
consideration a 

build-operate-

transfer (BOT) 
contract (MWI, 

2016). 
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Alternative Proposed  

Route 

Beneficiary  

Country(ies) 
a 

New Water  

Quantity 

Cost of  

water b 

Expected  

Life Span 

Feasibility Limitations 

Status 

Local Desalination Programs 

Jordan Red Sea 
Project (JRSP) 

for seawater 

desalination 

Water 
conveyance and 

seawater 

desalination 
from Red Sea at 

Aqaba to the 

Dead Sea and 

Amman. Excess 

seawater and 

desalination 
brine to be 

discharged to the 

Dead Sea. 

Mainly 
Jordan with 

potential to 

sell water 
but unlikely 

930 
MCM/year 

(GoJ 2011) 

2.0 
US$/m3 of 

which 

~1.5 
US$/m3 

are 

estimated 

for 

conveying 

and 
pumping 

water from 

Aqaba to 
Amman 

(Allan et 

al. 2012) c 

Assigned a 
40 to 45 

years 

development 
period (GoJ 

2011) 

Sustainable water source to 
Jordan. 

Stabilizes the Dead Sea level. 

18% of the project’s power 
requirement will be provided 

by internal hydropower 

(MWI 2016). 

Water quality suitable for 

direct use without further 

treatment. 

Very high capital cost at around 11.9 billion USD (GoJ 
2011) and high cost of water to end users. 

Overall medium environmental impacts on land and 

ecosystems with implementation of environmental 
management plans (World Bank 2012b). 

Energy intensive as it requires 995 MW/year of electricity 

(MWI 2016), which implies that the project will have a 

very high carbon footprint. 

Implementation of 
the “Red Sea 

Desalination” is 

considered as 
Phase I of the 

JRSP. 

Local 

desalination 

programs for 
Gaza of PA, 

Israel, Lebanon 

and Syria 

Local 

desalination 

plants situated 
along coastal 

zones of Gaza 

Strip, Israel, 
Lebanon, and 

Syria 

Israel has 
already 

established its 

coastal 
desalination 

program. 

Israel, 

Lebanon, 

PA, and 
Syria 

separately 

benefits 
from 

implementin

g such local 
initiatives 

Israel coastal 

desalination 

program to 
provide 750 

MCM/year by 

2020 (Tenne 
2010). 

Each local 

desalination 
program 

assumed to be 

able to 
provide a 

similar 

volume. 

0.59 

US$/m3 

(Chen et 
al., 2015) 

Israel’s 

desalination 

plants are 
under BOT 

contracts for 

25 years 
(Tenne 

2010). 

Therefore, it 
can be 

assumed that 

such 
programs 

have a life 

span of ~30 
years. 

Individually implemented 

desalination plants constitute 

a sustainable water source to 
the beneficiaries. 

Desalination cost is declining 

with advances in technology. 
Water quality suitable for 

direct use without further 

treatment. 
Acceptable cost of water to 

end users. 

High capital cost constrained by budgets of individual 

countries. 

Individual local desalination plants in Lebanon and PA do 
not address problem of declining Dead Sea level. 

Desalination plants are associated with serious 

environmental concerns with respect to marine ecosystem 
due to seawater intakes and brine disposal (Cooley et al., 

2013). 

Desalination plants are established to have quite high 
carbon footprint due to large energy consumption (Liu et 

al., 2015; Shrestha 2010). 

Individual local desalination programs do not promote 
cooperation. 

Israel has already 

established its 

coastal 
desalination 

program. 

 
For Gaza, Lebanon 

and Syria, local 

desalination plants 
are proposed for 

evaluation. 

a “Beneficiary Countries” refers to countries who will be receiving water shares from a development alternative. 
b All water costs are based on 2012 references or have been standardized to the year 2012 using the annual average Consumer Price Indices. 
c Desalination cost exceeded by far the $0.59/m3 indicated by Chen et al (2015) due to the larger amount of energy needed to pump the water from below sea level to regions of water 

demand at higher elevations of exceeding 1,000 meters above sea level. 

 

http://en.wikipedia.org/wiki/Dead_Sea
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4.2.1 Evaluation Criteria 

A set of eight comparative evaluation criteria was defined to account for 

technical, economic, environmental, water quantity, and political aspects commonly 

adopted by MCDA studies (Hajkowicz and Collins, 2007). These criteria were 

evaluated based on published literature in relation to those development alternatives and 

for which the information is summarized in Table ‎4.1. In order to transform all the 

criteria into ordinal data, scores between 1 and 5 were used to measure the performance 

of each alternative. An explanation of each criterion performance indicator and scoring 

scale is presented in Table ‎4.2. 

The technical criterion was used to evaluate the applicability of the proposed 

technology; the economic dimension was represented as the cost of cubic meter of water 

delivered to end users. The annual water quantity supplied through each alternative is 

another important criterion used in the comparison. Projects able of providing larger 

volumes of “new” water to the system are favoured, given the bleak deficits in the 

basin. Additional economic benefits accrued from such alternatives are not considered 

because it is expected that the additional water quantity will be used by the same 

population, for the same activities, and within the same target region. Moreover, 

evaluating the economic benefits resulting from large-scale developments requires 

program-specific and detailed feasibility studies. As such, this study was confined to 

reported costs on a unit volume of water (US$/m
3
). 

In reflecting at the environmental performance of the alternatives, two criteria 

were selected: 1) the ability to address the declining level of the Dead Sea, and 2) the 

overall environmental impacts during the construction and operation phases. The overall 

environmental impact criterion was evaluated based on the potential level of influence 
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on land degradation, terrestrial and/or marine ecosystems, energy consumption and 

associated carbon footprint, as well as based on whether the water quality supplied 

requires further treatment before distribution (Table ‎4.3). In general, water conveyance 

projects over long distances have been evaluated to cause medium to high impacts on 

various receptors including biological, physical, social, agricultural, and archaeological. 

Those impacts are mostly temporary in nature during the construction phase with a few 

persisting during the operation phase (World Bank, 2004) but both can be mitigated or 

minimized with the adoption of proper environmental management measures. 

Moreover, energy requirements, and eventually the carbon footprint, of large-scale 

water transfer projects increases with distance and elevation (Shrestha, 2010). Overall, 

the carbon footprint of water transfer remains smaller than those associated with various 

seawater desalination systems due to high-energy demand of the latter (Liu et al., 2015; 

Shrestha, 2010). Still, environmental concerns associated with desalination extend 

beyond carbon emissions to impacts of seawater intakes on marine life and concerns 

with disposal of the concentrated brine (Cooley et al., 2013). 

With respect to the political dimension, the success of any project will be a 

function of the conflict amongst riparians and controversies over the Euphrates-Tigris. 

Given the disputes between various stakeholders, the political dimension was assessed 

based on two criteria: 1) the number of riparian countries that will benefit from the 

additional water supply, and 2) the number of countries that are willing to support the 

project implementation. The final scores for the evaluated alternatives based on 

technical, environmental, political, and economic criteria are summarized in Table ‎4.4. 
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Table ‎4.2. Criteria, performance indicators, and scoring system for comparative assessment of proposed alternatives 

Dimension Criteria (j) Symbol Performance Indicator 
Scoring system for various criteria using a scale of 1 to 5 

1 2 3 4 5 

Technical Feasibility C1 Alternative is based on a 

simple and well established 

technology 

Not feasible -- Feasible but not 

readily applied 

-- Feasible and 

readily applied 

Economic Cost of water C2 Cost of water to end users 

(US$/m3) 

> 1.0 0.8-1.0 0.6-0.8 0.4-0.6 0.2-0.4 

Environmental Dead Sea level C3 Ability to revert decline of 

Dead Sea level 

No -- Addresses the 

declining level 

Partially 

-- Yes 

Potential 

Environmental 

Impacts 

C4 Potential environmental 

impacts (EI) during 

construction and operation in 

terms of ecosystem impacts, 

land deterioration, energy 

consumption and associated 

carbon footprint, as well as 

water quality based on total 

scores as shown in 

Table ‎4.3. 

17 to 20 

(Very high EI) 

13 to 16 

(High EI) 

9 to 12 

(Medium EI) 

5 to 8 

(Low EI) 

1 to 4 

(Very Low EI) 

Political Political will to 

support project 

implementation 

C5 Countries willing to support 

implementation 

None Israel or at least 

one riparian 

Israel and one 

riparian 

Israel and two 

riparians 

Israel and three 

or more riparians 

Promotion of 

regional 

cooperation 

C6 Number of riparian countries 

benefiting from the 

additional water to be 

provided by the proposed 

alternative 

One beneficiary 

The project has the 

potential to face 

hegemony. 

Two  

beneficiaries 

Three 

beneficiaries 

Four  

beneficiaries 

Five  

beneficiaries 

Water Supply Water quantity C7 Potential quantity of fresh 

water to be supplied by the 

alternative 

< 100 

MCM/year 

100 to 500 

MCM/year 

500 to 750 

MCM/year 

750 to 1,000 

MCM/year 

> 1,000 

MCM/year 

Reliability C8 Projected life-time (number 

of years) of proposed 

alternative 

< 10 years 10 to 15 years 15 to 25 years 25 to 30 years > 30 years 
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Table ‎4.3. Sub-criteria and scale used for evaluating potential environmental impacts associated with proposed water supply development alternatives 

Sub-criteria for Environmental 

Criterion 

Evaluation scale of potential environmental impacts 

High (5) Medium (3) Low (1) 

Terrestrial and/or marine ecosystem 

impact 

High adverse impact on terrestrial/ 

marine ecosystem 

Medium adverse impact on terrestrial/ 

marine ecosystem 

Temporary disturbance to terrestrial/ 

marine ecosystem 

5 3 1 

Land deterioration impact High adverse impact on land 

deterioration 

Medium adverse impact on land 

deterioration 

Temporary land disturbance 

5 3 1 

Energy consumption and associated 

carbon footprint 

High energy consumption and 

associated carbon footprint 

Medium energy consumption and 

associated carbon footprint 

Low energy consumption and 

associated carbon footprint 

5 3 1 

Water quality delivered by the proposed 

alternative 

Water requires further treatment Water requires mixing before use High quality water to end users. No 

need for further treatment. 

5 3 1 
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Table ‎4.4. Performance matrix for proposed alternatives based on technical, environmental, political, and economical criteria 

Alternatives 
Scores (Ri,j) 

a
  

C1 C2 C3 C4 C5 C6 C7 C8 Total 

Red Sea – Dead Sea Conveyance (RSDSC) 5 1 5 3 4 3 4 5 30 

Mediterranean – Dead Sea Canal, Northern Alignment 5 1 1 3 2 1 3 5 21 

Mediterranean – Dead Sea Canal, Southern Alignments 5 2 5 3 2 1 4 5 27 

Water Transport from Turkey via surface pipelines from Seyhan 

and Ceyhan river basins in Mediterranean coast 

5 4 1 3 3 5 5 3 29 

Water Transport from Turkey by Shipping from Manavgat river 

basin 

3 1 1 4 2 1 1 3 16 

Water Transport from Turkey via undersea pipelines from Seyhan 

and Ceyhan river basins in Mediterranean coast 

3 2 1 3 2 1 2 3 17 

Litani River Water Conveyance 5 5 1 2 4 1 2 4 24 

“Red Sea Desalination” and gray water swapping 5 4 3 2 4 3 2 5 28 

Jordan Red Sea Project (JRSP) for desalination 5 1 5 3 2 1 4 5 26 

Local desalination programs for Gaza of PA, Israel, Lebanon and 

Syria 

5 4 1 3 1 1 4 5 24 

a C1: Technical feasibility C2: Cost of water C3: Dead Sea level C4: Potential environmental impacts 

  C5: Political support C6: Promotion of regional cooperation C7: Water quantity C8: Reliability 
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Table ‎4.5. Different sets of weights assigned to the evaluation criteria under all scenarios 

Scenario and 

Emphasis 

Description Assigned Weights (Wj) to Performance Indicators C1 to C8 a 

C1 C2 C3 C4 C5 C6 C7 C8 

S1 - Equal Weights Assigns uniform weights to all criteria in order to indicate equal importance. 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 

S2 - Water 

Quantity 

Assigns a weight of 30% to quantity of water to be supplied to riparian 

countries. The remaining 70% is equally divided between remaining criteria. 
0.100 0.100 0.100 0.100 0.100 0.100 0.300 0.100 

S3 - Cooperation Considers cooperation as a very significant aspect of a regional water supply 

project and assigns it 30% of criteria weight. The remaining 70% is equally 

divided between the remaining criteria. 

0.114 0.114 0.114 0.114 0.114 0.200 0.114 0.114 

S4 - Water Cost Considers cost of water to end-users as the most important aspect and assigns 

it 30% of criteria weight. The remaining 70% is equally divided between 

remaining criteria. 

0.100 0.300 0.100 0.100 0.100 0.100 0.100 0.100 

S5 - Political Will Considers political will to support project implementation as the most 

important criterion for success of regional water project and hence gives it 

30% of criteria weight. The remaining 70% is equally divided between the 

remaining criteria. 

0.100 0.100 0.100 0.100 0.300 0.100 0.100 0.100 

S6 - Dead Sea 

Level and 

Environment 

Considers environmental protection and reverting the decline in the Dead Sea 

level as the most important goal of any regional water development alternative 

and assigns accordingly 30% of importance to each of those two criteria. The 

remaining 70% is equally divided between the remaining criteria. 

0.117 0.117 0.150 0.150 0.117 0.117 0.117 0.117 

S7 - Political Will 

and Cost 

Considers political will to support project implementation and the cost of 

water as the most important criteria for success of regional water project and 

hence gives them 40% of criteria weight. The remaining 60% is equally 

divided between the remaining criteria. 

0.100 0.200 0.100 0.100 0.200 0.100 0.100 0.100 

S8 - Water cost and 

environmental 

impacts including 

the Dead Sea level 

Considers cost of water and the alternatives potential environmental impacts 

including their role in reverting the decline in the Dead Sea level as the most 

important criteria for success of a regional water project and hence gives them 

45% of criteria weight. The remaining 55% is equally divided between the 

remaining criteria. 

0.110 0.150 0.150 0.150 0.110 0.110 0.110 0.110 

a C1: Technical feasibility, C2: Cost of water, C3: Dead Sea level, C4: Potential environmental impacts, C5: Political support, C6: Promotion of regional cooperation,  

   C7: Water quantity, C8: Reliability. 



85 

4.2.2 Weights and Sensitivity Analysis 

Assignment of weights in MCDA is often considered a subjective process that 

can affect the reliability of the results. In an effort to reduce subjectivity, a sensitivity 

analysis on weight assignment was performed using two approaches. Initially, eight 

scenarios were defined in which weights were assigned to the criteria to achieve a 

different set of social, political, technical, and environmental targets (Table ‎4.5). The 

ranking of alternatives with regards to each scenario was examined accordingly. 

The second approach evaluated the sensitivity of rankings to the weight 

assignment under each scenario. This was accomplished by varying the weight of the 

most prominent criterion under each scenario from 0.1 to 0.5 at 0.01 increments and 

readjusting the weights of the other criteria to maintain a total sum equal to one 

(∑ 𝑊𝑗 = 1
𝑗
1 ). 

 

4.3 Results and Discussion 

The rankings of proposed alternatives by scenario and corresponding weight 

are illustrated in Figure ‎4.3. Local desalination programs appear to be less attractive as 

compared to the adoption and implementation of multi-regional alternatives, specifically 

the RSDSC, “Mini peace pipeline”, the southern alignment of the Mediterranean - Dead 

Sea Canal, the “Red Sea” desalination and gray water agreement alternatives. This is 

largely due to the failure of local desalination plants to revert the declining Dead Sea 

level and their limited ability to enhance cooperation between multi-lateral parties. 
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Figure ‎4.3. Assessment results for various scenarios of proposed large-scale regional water supply 

alternatives 

Alternative: 

(a)  Red Sea - Dead Sea Conveyance 

(b)  Mediterranean - Dead Sea Canal, Northern 

alignment 

(c)  Mediterranean - Dead Sea Canal, Southern 

alignments 

(d)  Turkey surface pipeline 

(e)  Turkey for shipping 

(f)  Turkey undersea pipeline 

(g)  Litani River Water Conveyance 

(h)  Red Sea Desalination & grey water swapping 

(i)  Jordan Red Sea Project for desalination 

(j)  Local desalination programs for Gaza, Israel, 

Lebanon & Syria 

Scenario: 

(S1) Equal Weights 

(S2) Emphasis on Water Quantity 

(S3) Emphasis on Cooperation 

(S4) Emphasis on Cost 

(S5) Emphasis on Political Will 

(S6) Emphasis on Dead Sea & Environmental 

Protection 

(S7) Emphasis on Water Cost and Political Will 

(S8) Water Cost and Environmental Impacts 

including the Dead Sea Level 
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When multi-country alternatives considered based on an equal weights 

scenario (S1), the RSDSC appears most favorable followed by water transport from 

Turkey via surface pipelines. The RSDSC ranked first due to its ability to provide a 

reliable and sustainable supply of water for three most stressed beneficiaries (Israel, 

Jordan, and the PA). Such a supply would reduce the water deficit substantially for 

Jordan and contribute towards enhancing the water supply for Israelis and Palestinians. 

It also presents an opportunity for enhancing regional cooperation and a means for 

reverting the declining level of the Dead Sea. The seawater desalination and gray water 

swapping ranked third given the high reliability of the water supplied with its ability to 

promote cooperation amongst Israel, Jordan and the PA as well. The southern alignment 

of the Mediterranean - Dead Sea Canal ranked fourth mainly due to the quantity of 

water it delivers and its ability to revert the declining level of the Dead Sea. The two 

least preferable multi-country options under scenario (S1) were water shipping and the 

undersea pipeline from Turkey. These options propose delivering water to Israel with no 

potential contribution to resolving the problem of the declining Dead Sea; thus lacking a 

regional scope (IPCRI, 2010). Some might argue that once Israel receives additional 

water supplies it might accept to relinquish JRB waters by releasing some flow from 

Lake Tiberias for use by Jordan and PA or for having more flow into the Dead Sea. 

However, there are no guarantees to this effect. Israel has already started a desalination 

program along its Mediterranean Coast to increase its water supplies, but did not 

consider releasing JRB waters under its control. Even when water quantity is 

emphasized as a major objective (S2), those two alternatives remain the least favorable. 

A noticeable change under S2 (water quantity) is that the surface pipeline from Turkey 

replaces RSDSC at the first rank mainly due to the fact that the proposed “Mini Peace 
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pipeline” from Turkey will supply three parties with the largest quantity of water among 

all proposed alternatives. Still, this option is riddled with political objections mainly the 

Iraqi concerns that although the source of transferred water is not the Euphrates and 

Tigris, Turkey may compensate the transferred water by relying on the Euphrates and 

Tigris basin. Moreover, if Turkey is capable of transferring water for other countries 

then this implies that it is storing more water than needed and thus the shares its 

downstream riparians along the Euphrates and Tigris could still be made larger 

(Kirschner and Tiroch, 2012). Another change is that the southern alignment of the 

Mediterranean - Dead Sea Canal is rendered more favorable as compared to the 

seawater desalination and gray water swapping agreement. 

In S3, which emphasizes promotion of cooperation, the RSDSC and “Mini 

Peace pipeline” ranked equally as best alternatives, followed by the agreement for 

seawater desalination and gray water swapping. Note that although the southern 

alignment of the Mediterranean - Dead Sea Canal also involves cooperation among 

three riparians, it ranked fourth under S3 (cooperation) mainly due to the high 

probability that this option might face control by Israel as manifested in the Israeli 

sharing approach for other transboundary resources such as the Mountain Aquifer, 

Jordan River and Lake Tiberias and hence it is not an alternative that promotes 

cooperation as exhibited by the reluctance of international funding to support the 

alternative. 

The most preferred option under S4 (water cost) is the “Mini Peace pipeline” 

from Turkey. The RSDSC dropped down to fourth rank, behind the agreement for 

seawater desalination and gray water swapping at second place and the Litani River 

Water Conveyance as third. By emphasizing water cost, the scenario reflects the 



89 

financial burden of implementing the RSDSC alternative. While the Litani River water 

conveyance ($0.33/m
3
) seems to be cheaper and require shorter transport distances, the 

Turkish “Mini peace pipeline” delivers a higher quantity of water for an acceptable 

increase in cost ($0.53/m
3
). Moreover, the proposed amount of 100 MCM/year to be 

provided by the Litani River water conveyance is considered to be a minimal 

contribution to the water deficit faced by lower riparians of the JRB and even this 

amount is not possible to transfer from the Litani river because existing resources 

cannot meet the demand in that basin. 

The RSDSC emerges again as the most preferred option followed by a 

seawater desalination and gray water swapping agreement under S5, which emphasizes 

political will for implementation. Each of Israel, Jordan, and the PA has expressed their 

agreement on the RSDSC. Although the Israelis favour the Mediterranean alignments 

(Closson et al., 2010; Gonce and Brendzel, 2010), they supported the RSDSC (Sharp, 

2008; Beyth, 2007). This may be attributed to the lack of international support to their 

preferred alignments and their desire to promote an image of peaceful cooperation. 

Similarly, the three parties (Israel, Jordan, and PA) have already agreed over the 

seawater desalination and gray water swapping option. Likewise, when the Dead Sea 

and environmental protection are emphasized (S6), the RSDSC remains to be the better 

option to promote those objectives. 

In S7, under which cost and political will are emphasized, the “Mini Peace 

pipeline” and the agreement for seawater desalination and gray water swapping ranked 

equally at first place followed by the RSDSC at second. Under the last scenario (S8), 

which emphasizes cost and environmental objectives, the RSDSC ranked first followed 

by the “Mini Peace pipeline”. The southern alignment of the Mediterranean - Dead Sea 
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Canal and the agreement for seawater desalination and gray water swapping were tied at 

third place. 

The outcomes of the overall preference ranking for the water supply 

development alternatives in the lower JRB revealed the significance of the cost of water, 

promotion of cooperation and reliability of water supply in selecting the best alternative. 

The RSDSC has been the preferred option except for cost. Though desalination cost is 

declining rapidly with advancements in technology, the RSDSC has been associated 

with a high water cost due to the need to pump the desalinated water from the shores of 

the Dead Sea, which is below sea level, to Amman city which is at around 1000 meters 

above sea level. 

Figure ‎4.4 depicts the changes in rankings of alternatives as the weight of each 

criterion was varied from 0 to 0.5. In the figure, concentric circles are the y-axis 

indicating the rank of various alternatives (between 1 and 10), and the numbers 

appearing along the border of the concentric circles are the weights assigned to the 

criterion under consideration. As such, for example the concentric circles for technical 

feasibility (C1), imply that the “Mini Peace pipeline” ranks at “1” and the RSDSC ranks 

at “2” irrespective of the weight assigned for C1; whereas the sensitivity analysis for 

water cost (C2) shows that if C2 is assigned a weight greater than 14 percent, the 

RSDSC will move from the first circle indicating rank “1” to the second circle 

indicating rank “2” favoring the “Mini Peace pipeline” at rank “1”. The results indicate 

that the rankings are relatively robust to criteria of technical feasibility, potential 

environmental impacts, and political support. They are sensitive to water cost, Dead Sea 

level, cooperation, and water quantity and reliability. If water cost is assigned more than 

14 percent of the criteria weight, then the RSDSC is outranked by the surface pipeline 
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from Turkey. Similarly if stabilizing the Dead Sea level is assigned less than 10 percent 

of the total weight or reliability is provided 5 percent, the RSDSC is outranked by the 

surface pipeline from Turkey. The latter gains the highest preference when 20 percent or 

more of the criteria weight is assigned to water quantity or when 16 percent or more is 

assigned to promotion of regional cooperation. The rankings are thus more sensitive to 

factors relating to water cost, Dead Sea level, promotion of regional cooperation, as well 

as water quantity and reliability. However, the criterion on Dead Sea is considered as a 

significant requirement for any developmental water supply option targeting the lower 

JRB and, hence, is not anticipated to be disregarded in near or long-term decision-

making, and the simulated scenarios reflect that the sensitivity of the RSDSC to some 

criteria is balanced by its robustness to the other remaining criteria. 
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Figure ‎4.4. Sensitivity analysis results for varying criteria weights between 0 and 0.5 

 
Alternative: 

(a) = Red Sea - Dead Sea Conveyance 

(b) = Mediterranean - Dead Sea Canal, Northern alignment 

(c) = Mediterranean - Dead Sea Canal, Southern alignments 

(d) = Turkey surface pipeline 

(e) = Turkey for shipping 

(f) = Turkey undersea pipeline 

(g) = Litani River Water Conveyance 

(h) = “Red Sea Desalination” and gray water swapping 

(i) = Jordan Red Sea Project for desalination 

(j) = Local desalination programs for Gaza of PA, Israel, 

Lebanon and Syria 

Sensitivity Analysis: 

Varying weight for criterion while all else 

held uniformly equal 

(1) Technical Feasibility 

(2) Cost of Water 

(3) Dead Sea Level 

(4) Environmental Impacts 

(5) Political Will 

(6) Regional Cooperation 
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4.4 Conclusion 

Conflicts over shared water resources are unlikely to be resolved without 

fulfilling the water demands of riparians. Water stress within the lower JRB riparians is 

continuously increasing with an inevitable need to develop new water supplies. Several 

regional water development alternatives were explored to alleviate these shortages. 

While the implementation of such alternatives is anticipated to serve mutual long-term 

interests and encourage regional collaboration, it is unlikely that all will be 

implemented. Identifying the most promising of these alternatives involves transcending 

the simple notions of quantity and quality to include social, environmental, and political 

considerations. The RSDSC emerges as a favorable and comprehensive option in this 

context towards cooperation over water resources and saving the Dead Sea.  
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CHAPTER 5 

THE PERPETUAL CHALLENGE OF BALANCING WATER 

USE IN ARID REGIONS UNDER SCARCITY AND 

ADVERSITY 

 

5.1 Introduction 

The Jordan River Basin (JRB)
7
 is facing several natural challenges such as 

water scarcity and potential climate change impacts aggravated with population growth 

and increasing water demand, a historic political conflict, and the absence of a binding 

international water law for transboundary waters (El-Fadel, 2010; Mitchell et al., 2004; 

Hoff et al., 2011; Libiszewski, 1997). Of those factors, the issue of water scarcity and 

increasing water demand are posing significant pressures on the riparian states 

especially that, irrespective of water allocation schemes, the lower JRB riparian 

countries are anticipated to experience a growing water deficit over time (Quba’a et al., 

2017). The general water balance carried by Quba’a et al. (2017) for the lower riparian 

countries using the rate of 230 m
3
/capita/year, which is well below “the absolute water 

scarcity” benchmark of 500 m
3
/capita/year, revealed that all countries will experience 

an ever increasing deficit over time (Figure ‎4.1). 

The objective of this paper is to apply a set of scenarios to assess the impacts of 

various water resources management options on the water balance at the level of the 

JRB as a whole. The value of scenario analysis for future planning, better management 

decisions and strategies, and reduction of decision-making risks is highly recognized 

(Mahmoud et al., 2011). The scenario development framework in this study followed 

three main generally accepted steps (Dong et al., 2013; Mahmoud et al., 2011): 1) 

                                                 
7
 Shared by Israel, Jordan, Lebanon, Palestinian Authority, and Syria. 
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scenario definition that identifies key future management options for water resources in 

the basin and various dimensions of change (major drivers of social, technological, 

economic, environmental, and political factors that affect the JRB); 2) scenario 

quantification that describes and quantifies the key variables; and 3) scenario analysis in 

which the scenario simulation results are analysed and conclusions made about 

implications of each future alternatives. As such, the paper starts by presenting the 

simulated scenarios and their key variables. Then, it quantifies the main variables 

involved in the scenario quantification including available water supply within the JRB 

and the additional potential quantities of water to be made available through 

nonconventional water sources. It also quantifies the major drivers of the water demand 

in terms of the three major sectors of water demand: municipal, industrial and 

agricultural. As the agricultural sector is the greatest consumer of water within the 

basin, special emphasis is placed on quantifying its water consumption and, hence, 

irrigated areas within the JRB are approximated by relying on classification of Landsat 

images for period between 1990 and 2014 and assuming an expansion for irrigated areas 

for the period between 2014 and 2050 based on observed changes between 1990 and 

2014. Finally, the paper discusses the results of the simulated scenarios and concludes 

with major outcomes on the water balance of the JRB based on the analysed scenarios. 

 

5.2 Methodology 

The basin has a total catchment area of about 18,300 km
2
 extending 360 km 

from north to south, with water rising at the mountain range of Mount Hermon (also 

known as Jabel El-Sheikh), part of the south-western Anti-Lebanon range, and 

discharging into the Dead Sea. From a hydrogeologic perspective, the JRB can be 
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classified into three sections (Atwi and Choliz, 2011; Attili, 2004; Mimi and Sawalhi, 

2003): 1) Upper Jordan River, starting at the headwaters feeding the point of confluence 

of the Hasbani, Dan and Banias rivers and ending at Lake Tiberias, 2) Yarmouk River, 

which is the main tributary of the Jordan River, and 3) Lower Jordan River starting at 

the confluence of the Yarmouk River with the Jordan River at the southern end of Lake 

Tiberias and ending at the Dead Sea. The total natural outflow of the Jordan River was 

around 1,370 million cubic meters per year (MCM/year). However, during the past 50 

years and with the failure of negotiated plans, riparians proceeded with water projects 

unilaterally within their own boundaries including Israel’s National Water Carrier, the 

drainage of the Hulah valley, as well as building of dams in Jordan and along the 

Yarmouk River in Syria. This resulted in the diversion of large amounts of water and 

the decline of the basin Jordan River outflow from 1,370 MCM/year to around 20-200 

MCM/year (UN-ESCWA and BGR, 2013). As such, the waters of the JRB are 

threatened by overexploitation and pollution from industrial, agricultural, municipal, 

and other anthropogenic sources (Becker et al., 2012). Its riparians can no longer satisfy 

their needs from common resources without adversely affecting the water quantity and 

quality available to others, and without threatening the integrity of the basin’s 

ecosystem. 

 

5.2.1 Definition of Simulated Scenarios 

The simulations for the water supply and demand within the JRB started with 

the year 2010 as the base year for existing conditions and simulated conditions up to 

year 2050. The analysis considered the three main sectors of water demand: domestic 

(including residential, non-residential, and system losses), agricultural (as irrigation and 
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livestock water needs), and industrial. Annual water resources were represented as the 

safe yields of available natural water supplies plus existing sources of non-conventional 

water resources (i.e., wastewater reuse and desalination). The simulations involved four 

groups of future scenarios: (1) maintaining the status quo which is referred to as 

“Business as Usual”, (2) adopting water demand and supply management measures 

without expansion in irrigated areas, (3) adopting water demand and supply 

management measures with expansion in irrigated areas, and (4) expansion in irrigated 

areas under “Business as Usual” conditions and without adopting water management 

measures. 

All scenarios considered population growth and economic development. The 

status quo simulated future projections of water supply and demand balance under 

current practices while accounting for population growth. The second and third group of 

scenarios aimed at providing a better understanding of the influence of water 

management measures over the basin’s water supply-demand balance by allowing a 

comparison of similar management measures with and without expansion in irrigated 

areas. The selected water management measures for the agricultural sector focused only 

on reducing the irrigation demand through improved irrigation efficiency or changed 

cropping pattern. Note that the literature discusses more aspects of improving water 

consumption within the agricultural sector to achieve reduced demand, water saving, 

higher yields per unit of water, or higher income for framers (Pereira et al., 2002). 

However, adopting measures that can achieve higher water productivity is a process that 

requires consideration of complex biophysical and socioeconomic factors (Molden et 

al., 2010) and is beyond the time-frame and scope of this study. The last scenario 

targeted worse case conditions that encompass future population growth and industrial 
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development accompanied with the expansion of irrigated agricultural while 

maintaining existing conditions of water supply management. Table ‎5.1 outlines 

simulated scenarios in terms of respective water management options and the main 

variables of change. 
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Table ‎5.1. Simulated scenarios for water management within the JRB 

Scenario Description Drivers 

Management 

Alternative(s) Assumptions for Quantifying the Key Variables 

1. “Business as 

Usual” 

Modeled the future 

without any specific 

action, policy, or 

intervention taken to 

alter water use or the 

natural growth of 

current conditions. This 

allowed for depicting 

the future conditions of 

water resources within 

the JRB due to effects 

of population and 

livestock growth. 

 Population 

growth. 

 Livestock 

numbers follow 

reported growth 

rates. 

None  Population projected till 2050 using reported national growth rates and assuming that 

these growth rates remain constant. Though the regional crisis seems to be ongoing, the 

Syrian refugees within the JRB in 2015 were not accounted for to avoid double counting in 

case they moved from Syrian regions within the JRB. 

 Municipal and industrial per capita water consumption for the within basin population of 

each riparian stay similar to the 2010 baseline conditions. 

 Water network losses (non-revenue water) remain as reported in the literature (see 

Table ‎5.3). 

 The cultivated areas, crop patterns, and irrigation efficiencies remain as reported for the 

baseline year of 2010. 

 Within basin available natural surface and ground water resources are assumed to remain 

as is without accounting for the potential impacts of climate change on natural water 

supply. 

 Within basin reported non-conventional water resources are the 2010 reported 

wastewater reuse, brackish water desalination, and rainwater harvesting. 

 Water diverted for out of basin use though the Israeli National Water Carrier continues to 

be diverted. 

2. Management 

measures without 

expansion in 

irrigated areas 

Considered a 

combination of water 

supply and demand 

management options. 

This allowed for 

depicting the future 

conditions of water 

resources within the 

JRB due to effects of 

population growth, 

industrial development, 

and agricultural 

livestock growth under 

demand measures and 

enhanced water 

supplies. 

 Population 

growth. 

 Industrial water 

consumption 

development is 

uniform across the 

basin. 

 Reduce non-

revenue for water 

supply networks. 

 Irrigated 

agricultural areas 

remain as is. 

 Assume riparians 

achieve improved 

irrigation efficiency 

by 2050 and 

changed cropping 

pattern. 

2.i. Improved 

irrigation efficiency 
 Population projected up to year 2050 using reported national growth rates and assuming 

that these growth rates remain constant. Though the regional crisis seems to be ongoing, 

the Syrian refugees within the JRB in 2015 were not accounted for to avoid double 

counting in case they have moved from Syrian regions within the JRB. 

 Municipal and industrial per capita water consumption for the within basin population 

stay as in baseline conditions and from year 2030 and on become 200 and 25 liters per 

capita per day for each of the municipal and industrial sectors, respectively. These are close 

to the water consumption rates allocated by Israeli Master Plan for year 2050 (Israel Water 

Authority, 2012). 

 Water network losses (non-revenue water) are assumed to improve as indicated by future 

rates mentioned in the literature (see Table ‎5.3). 

 Irrigation efficiencies for the riparians improve as outlined in Table ‎5.4. 

 Within basin available natural surface and ground water resources are assumed to remain 

as is without accounting for the potential impacts of climate change on natural water 

supply. 

 Within basin reported non-conventional water resources are the 2010 reported brackish 

water desalination and rainwater harvesting. 

 JRB riparians achieve reuse of 60% of generated municipal and industrial wastewater for 

all riparians except Israel which is 90%. 
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Scenario Description Drivers 

Management 

Alternative(s) Assumptions for Quantifying the Key Variables 

 Livestock 

numbers follow 

reported growth 

rates. 

 The 375 MCM/year diverted by the Israeli National Water Carrier are stopped. 

2.ii. Changed 

cropping pattern 
 Irrigation efficiencies remain as under baseline conditions for the riparians (Table ‎5.4). 

 Eliminate high water consuming crops: barely, banana, orange, tangerine, peach, and/or 

apple, depending on the country. Their cultivated areas are redistributed to other irrigated 

areas as per existing crop distribution. 

 All rest, remain as above for scenario 2.i. 

2.iii. Improved 

irrigation 

efficiency, changed 

cropping pattern, 

and water supply 

development 

 Irrigation efficiencies for the riparians improve as outlined in Table ‎5.4. 

 Eliminate high water consuming crops: barely, banana, orange, tangerine, peach, and/or 

apple, depending on the country. Their cultivated areas are redistributed to other irrigated 

areas as per existing crop distribution. 

 A water supply development project is implemented, which is the Red Sea-Dead Sea 

Conveyance (RSDSC), starts operation in 2020. 

 All rest, remain as above for scenario 2.i. 

3. Management 

measures with 

expansion in 

irrigated areas 

Considered a 

combination of water 

supply and demand 

management options 

while having an 

expansion in irrigated 

areas. This allowed for 

depicting the future 

conditions of water 

resources within the 

JRB due to effects of 

population growth, 

industrial development, 

potential irrigation 

expansion and 

agricultural livestock 

growth under demand 

measures and enhanced 

water supplies. 

 Population 

growth. 

 Industrial water 

consumption 

development is 

uniform across the 

basin. 

 Reduce non-

revenue for water 

supply networks. 

 Agricultural areas 

(25% expansion in 

irrigated area). 

 Assume riparians 

achieve improved 

irrigation efficiency 

by 2050 and 

changed cropping 

pattern. 

 Livestock 

numbers follow 

reported growth 

rates. 

3.i. Improved 

irrigation 
 Population projected up to year 2050 using reported national growth rates and assuming 

that these growth rates remain constant. Though the regional crisis seems to be ongoing, 

the Syrian refugees within the JRB in 2015 were not accounted for to avoid double 

counting in case they have moved from Syrian regions within the JRB. 

 Municipal and industrial per capita water consumption for the within basin population 

stay as in baseline conditions and from year 2030 and on become 200 and 25 liters per 

capita per day for each of the municipal and industrial sectors, respectively. These are close 

to the water consumption rates allocated by Israeli Master Plan for year 2050 (Israel Water 

Authority, 2012). 

 Water network losses (non-revenue water) are assumed to improve as indicated by future 

rates mentioned in the literature (see Table ‎5.3). 

 Irrigated agricultural areas expand by 25%. 

 Irrigation efficiencies for the riparians improve as outlined in Table ‎5.4. 

 Within basin available natural surface and ground water resources are assumed to remain 

as is without accounting for the potential impacts of climate change on natural water 

supply. 

 Within basin reported non-conventional water resources are the 2010 reported brackish 

water desalination and rainwater harvesting. 

 JRB riparians achieve reuse of 60% of generated municipal and industrial wastewater for 

all riparians except Israel which is 90%. 

 The 375 MCM/year diverted by the Israeli National Water Carrier are stopped. 
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Scenario Description Drivers 

Management 

Alternative(s) Assumptions for Quantifying the Key Variables 

3.ii. Changed 

cropping pattern 
 Irrigated agricultural areas expand by 25%. 

 Irrigation efficiencies remain as is for the riparians (Table ‎5.4). 

 Eliminate high water consuming crops: barely, banana, orange, tangerine, peach, and/or 

apple, depending on the country. Their cultivated areas are redistributed to other irrigated 

areas as per existing crop distribution. 

 All rest, remain as above for scenario 3.i. 

3.iii. Improved 

irrigation, changed 

cropping pattern, 

and water supply 

development 

 Irrigated agricultural areas expand by 25%. 

 Irrigation efficiencies for the riparians improve as outlined in Table ‎5.4. 

 Eliminate high water consuming crops: barely, banana, orange, tangerine, peach, and/or 

apple, depending on the country. Their cultivated areas are redistributed to other irrigated 

areas as per existing crop distribution. 

 A water supply development project is implemented, which is the Red Sea-Dead Sea 

Conveyance (RSDSC), starts operation in 2020. 

 All rest, remain as above for scenario 3.i. 

4. Expansion in 

irrigated areas 

under business as 

usual conditions 

and no 

management 

measures 

Simulates how worse 

the situation could go in 

case the future 

population growth and 

industrial developments 

were accompanied with 

expansion of irrigated 

agricultural activities 

while maintaining 

existing conditions of 

water supply 

management. 

 Population 

growth. 

 Irrigation areas 

expand by 25%. 

 Livestock 

numbers follow 

reported growth 

rates. 

None  Population projected up to year 2050 using reported national growth rates and assuming 

that these growth rates remain constant. Though the regional crisis seems to be ongoing, 

the Syrian refugees within the JRB in 2015 were not accounted for to avoid double 

counting in case they have moved from Syrian regions within the JRB. 

 Municipal and industrial per capita water consumption for the within basin population of 

each riparian stay similar to the 2010 baseline conditions. 

 Water network losses (non-revenue water) remain as reported in the literature (see 

Table ‎5.3). 

 25% expansion of irrigated agricultural areas into fallow areas for each riparian country 

by 2050. The distribution of crops is similar to the present crop distribution and irrigation 

efficiency as reported. 

 Within basin available natural surface and ground water resources are assumed to remain 

as is without accounting for the potential impacts of climate change on natural water 

supply. 

 Within basin reported non-conventional water resources are the 2010 reported 

wastewater reuse, brackish water desalination, and rainwater harvesting.  

 Water diverted for out of basin use though the Israeli National Water Carrier continues to 

be diverted. 
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5.2.2 Quantification of Variables 

As per the set scenarios, the major variables quantified included: available 

conventional and non-conventional water supplies within the JRB, the potential for 

development of existing water supply, population growth, per capita municipal and 

industrial water demand, livestock increase, livestock numbers, and available as well as 

potential expansion of irrigated agricultural areas. 

 

5.2.2.1. Water Supply 

For JRB water supply, the average safe yield of natural surface and 

groundwater resources reported in Annex 4 were adopted. When estimating the amount 

of water supply within the JRB by country, the Banias average flow of 114 MCM/year 

was considered as part of the Israeli water supply and the 375 MCM/year transferred by 

the Israeli National Water Carrier for out of basin use were deducted from the Israeli 

overall available water supply for use within the JRB. For non-conventional sources of 

water, the brackish water desalination, wastewater reuse, and rainwater harvesting 

identified within the database of the SIDA (2016) “FEM21-02” project were used. For 

projections up to year 2050, the potential impacts of climate change on natural water 

supplies were not accounted for and consequently, natural water supplies were assumed 

to remain as is within the JRB. 
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5.2.2.2. Municipal and Industrial Water Demand 

For the municipal and industrial sectors, the water demand is determined based 

on per capita water consumption. As such, the main drivers for determining the changes 

in water demand for these two sectors are population growth and the per capita water 

demand. Population growth was projected up to year 2050 based on the population 

growth rates reported by the World Bank Data (World Bank, 2016) as summarized in 

Table ‎5.2. 

 

Table ‎5.2. Within basin population for year of 2010 and projected population for year 2050 

Riparian 

Growth Rates 
a
 Baseline Population 

b
 Scenarios 1 through 4 

Percent (%) 2010 2050 

Israel 2.0 687,228 1,517,427 

Jordan 2.4 4,951,358 12,785,644 

Lebanon 1.2 103,125 166,183 

Palestinian Authority 2.9 568,140 1,782,668 

Syria 2.6 1,228,588 3,430,052 

Golan heights 2.6 68,371 190,883 

Total within basin 

population (thousands) 

- 

7,606,810 19,872,855 
a World Bank, 2016 (Golan Heights assumed to follow Syria’s population growth rate). The growth rates for Israel, 

Jordan, Lebanon and PA are for year 2015. The growth rate for Syria is for year 2005 to avoid the war time period. 
b Average of population reported by UN-ESCWA and BGR, 2013 and by SIDA (2016). The 30,000 settlers reported 

to be living in the West Bank and within the boundaries of the JRB according to UN-ESCWA and BGR (2013) were 

added to Israel’s within basin population. 

 

Non-revenue water
8
 and water consumption in the municipal and industrial 

sectors are presented in Table ‎5.3. Under scenarios 1 and 4, no change will take place in 

per capita municipal or industrial water demand (Table ‎5.1). As such, industrial water 

consumption within the basin stays the same as the baseline conditions. For scenarios 2 

and 3, and in order to have a uniform industrial water consumption across the JRB, it is 

assumed that by 2050 all riparians will have reached the same level of industrialization 

                                                 
8
 Non-revenue water is defined as “the difference between the amount of water put into the distribution 

system and the amount of water billed to consumers” (Frauendorfer and Liemberger, 2010). 
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and, hence, the industrial water consumption becomes 25 L/c/d, similar to that adopted 

by the Israeli Master Plan for year 2050 (Israel Water Authority, 2012). 

 

Table ‎5.3. Ratio of non-revenue water and municipal and industrial water consumption rates adopted for 

the water balance of the Jordan River Basin 

Riparian 

Non-revenue Water  

as ratio of non-billed water to 

water put into the supply system 

Municipal per capita water 

demand (m3/capita/year) 

Industrial per capita water 

demand (m3/capita/year) 

Baseline 

Conditions 

Scenarios 

1 & 4 

Scenarios 

2 & 3 

Baseline 

Conditions 

Scenarios 

1 & 4 

Scenarios 

2 & 3 

Baseline  

Conditions 

Scenario 

1 & 4 

Scenarios  

2 & 3 

2010 2050 2050 2010 2050 2050 2010 2050 2050 

Israel 0.129 a 0.1 0.1 102.9 f 81.1 102.9 7.4 7.4 8.8 h 

Jordan 0.45 b 0.45 0.15 53.7 g 85.9 53.7 1.8 1.8 9.1 

Lebanon 0.40 c 0.4 0.2 93.0 f 91.3 93.0 28.2 28.2 9.1 

Palestinian 

Authority 
0.3 d 0.3 0.2 26.3 d 91.3 26.3 8.4 8.4 9.1 

Syria 0.45 e 0.45 0.2 75.9 f 91.3 75.9 23.3 23.3 9.1 

Golan 

Heights 
0.129* 0.1 0.1 102.9* 81.1 102.9 7.6 7.6 9.1 

a EU, 2013; b Al-Omari et al., 2015; c MEW, 2010; MOE,UNDP, and ECODIT, 2011; d PA, 2014; e World Bank, 

2007; f FAO, 2016; g MWI, 2015; * Assumed to follow Israeli numbers; and h Israel Water Authority, 2012. 

 

5.2.2.3. Agricultural Water Demand 

For the agricultural sector, the factors affecting water consumption include: 

irrigated areas and fallow areas available for potential expansion of cultivation activities 

as well as the cropping patterns, efficiency of irrigation systems, and livestock numbers. 

Remote sensing data and geographic information system (GIS) techniques were used to 

determine the land use / land cover changes within the JRB between 1990 and 2014 

with a further sub-classification of agricultural areas into irrigated and rain fed for a 

better estimation of the basin’s irrigation water demand. The areas observed as fallow 

include part of the rain-fed areas that have been left uncultivated until next season. 

However, for the purposes of this study, all areas classified as fallow during the month 

of August, were considered to be available for expansion into irrigated agriculture. The 

potential for expansion of irrigated cultivated areas were obtained from the JRB land 
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use classification (whose approach and results are presented in Annex 5). Assumed 

expansions in agricultural areas and irrigation efficiencies for 2050 are presented in 

Table ‎5.4. 

Based on crop water requirements (presented in Annex 6), crops were selected 

for elimination as part of changing cropping pattern under scenarios 2.ii, 2.iii, 3.ii, and 

3.iii. The eliminated crops are presented in Table ‎5.5. The areas of the eliminated crops 

were redistributed as irrigated agricultural lands following same crop distribution of the 

remaining irrigated crops. 
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Table ‎5.4. Assumed expansions in agricultural areas and assumed irrigation efficiencies for year 2050 

Riparian 

Baseline Conditions (2010) 
Scenarios 1 & 2.ii 

(2050) 

Scenario 2.i & 2.iii 

(2050) 
Scenario 3.i & 3.iii (2050) Scenario 3.ii & 4 (2050) 

Irrigation 

Efficiency 

Irrigated 

Area (km
2
) 

Fallow Area 

(km
2
) 

Irrigation 

Efficiency 

Irrigated 

Area (km
2
) 

Irrigation 

Efficiency 

Irrigated 

Area (km
2
) 

Irrigation 

Efficiency 

Irrigated 

Area (km
2
) 

Irrigation 

Efficiency 

Irrigated 

Area (km
2
) 

Israel 0.879
 a
 323.1 528.2 0.879 323.1 0.885 323.1 0.885 403.8 0.879 403.8 

Jordan 0.767 
b
 512.7 2,407.8 0.767 512.7 0.820 512.7 0.820 640.8 0.767 640.8 

Lebanon 0.500 36.9 280.5 0.500 36.9 0.800 36.9 0.800 46.1 0.500 46.1 

Palestinian Authority 0.800 103.1 697.8 0.800 103.1 0.800 103.1 0.800 128.9 0.800 128.9 

Syria 0.500 
c
 327.7 3,836.2 0.500 327.7 0.800 327.7 0.800 409.6 0.500 409.6 

Golan Heights 0.800 79.6 178.7 0.800 79.6 0.800 79.6 0.800 99.5 0.800 99.5 

Total - 1,383.1 7,929.2 - 1,383.1 - 1,383.1 - 1,728.8 - 1,728.8 

a Rejwan, 2011; b Al-Omari et al., 2015; c Salman and Mualla, 2002; MunlaHasan, 2007 
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Table ‎5.5. Eliminated crops for scenario 2.ii, 2.iii, 3.ii, and 3.iii on changing cropping pattern 

Riparian Country Eliminated Crops 

Contribution of eliminated crop to irrigation water 

consumption for baseline year of 2010 (%) 

Israel Banana and Tangerine 7.6 

Jordan Banana and Tangerine 7.1 

Lebanon Peach and Apple 15.1 

Palestinian 

Authority 

Banana and Tangerine 3.3 

Syria Barley and Orange 23.4 

Golan Heights Banana and Tangerine 7.8 

 

In all scenarios, livestock are assumed to increase according to growth rates 

reported in the literature and presented in Table ‎5.6. For all riparians except Israel, the 

livestock water consumptions of baseline year 2010 were assumed to increase by 2.2% 

per year for the period between 2010 and 2030 and by 1.7% between 2030 and 2050 as 

representation of growth of livestock numbers (Alexandratos and Bruinsma, 2012). For 

Israel, the adopted rates of livestock increase were 0.6% each year between 2010 and 

2030 and 0.3% between 2030 and 2050 (Alexandratos and Bruinsma, 2012). 

 

Table ‎5.6. Livestock water consumption within the Jordan River Basin for scenarios 1 through 4 

Riparian 
Growth Rates 

a
 Baseline Conditions Scenario 1 to 4 

Percent (%) MCM/year 

 2010-2030 2030-2050 2010 2050 

Israel 0.6 0.3 4.74 5.50 

Jordan 

2.2 1.7 

6.94 14.30 

Lebanon 0.38 0.79 

Palestinian Authority 1.33 2.74 

Syria 3.91 8.05 

Golan Heights 0.6 0.3 0.74 0.86 

Total - - 18.03 32.24 
a Alexandratos and Bruinsma, 2012 
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5.3 Results 

The results of the simulated scenarios as outcomes of water supply, water 

demand, and overall supply-demand balance are discussed below. The detailed results 

of the water balance by riparian country are presented in Annex 7. 

 

5.3.1 Simulated Water Supply 

The resulting components of available water supply within the JRB are 

presented in Table ‎5.7. The available conventional and non-conventional sources of 

water within the JRB would secure a maximum of 3,916 MCM/year. This number 

does not account for the potential impacts of climate change. The JRB is within a region 

for which global circulation models have projected an increase in temperature and 

decrease in precipitation, which implies that water supplies will decrease (Mitchell et 

al., 2004; Hoff et al., 2011). In fact, Israel have accounted for a decline of around 15% 

in its natural water supply by considering that the available natural water supply of 

1,200 MCM/year in year 2010 will decline to 1,020 MCM/year by year 2050 (Israel 

Water Authority, 2012). 
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Table ‎5.7. Conventional water resources of the Jordan River Basin and non-conventional water resources 

available in 2010 and projected as available up to year 2050 

JRB Sources of Water 

Baseline 

Conditions 

Scenarios 

1 & 4 

Scenarios 

2.i & 2.ii 

Scenario 

2.iii 

Scenarios 

3.i & 3.ii 

Scenario 

3.iii 

2010 2050 2050 2050 2050 2050 

Total Surface water Supplies 
a
 1,413 1,413 1,413 1,413 1,413 1,413 

Total Groundwater Supplies 
a
 574 574 574 574 574 574 

Total conventional water 

supply (MCM/year) 

1,987 1,987 1,987 1,987 1,987 1,987 

Brackish Water desalination 

and Fossil Water 
b
 

38 138 138 138 138 138 

Seawater Desalination & 

Water swapping agreement 
c
 

- J & PA:  

   +80 

I: -80 

Total: 0 

J & PA:  

   +80 

I: -80 

Total: 0 

J & PA:  

   +80 

I: -80 

Total: 0 

J & PA:  

   +80 

I: -80 

Total: 0 

J & PA:  

   +80 

I: -80 

Total: 0 

Wastewater Reuse 
d,e

 166 
d
 537

 e
 1,078

 e
 689

 e
 1,078

 e
 1,078

 e
 

Rainwater Harvesting 
d
 23 23 23 23 23 23 

Total Non- conventional water 

supply (MCM/year) 

227 698 1,239 1,239 1,239 1,239 

Water Supply Development 

from Red Sea-Dead Sea 

Conveyance (RSDSC) 
c
 

- - - 670 - 670 

JRB Total Water Resources 

(MCM/year) 

2,214 2,310 3,227 3,897 3,227 3,897 

a See Annex 4. 
b This water is within Jordanian territories were the Zara-Maain brackish water of 38 MCM/year are being 

desalinated within the JRB and where after year 2010, the Disi fossil water (100 MCM/year) have been brought for 

use within Amman city which is part of the JRB. 
c GoJ, 2011. 
d SIDA, 2016. 
e For all scenarios, ratio of treated wastewater reuse was assumed to be 90% of the municipal water consumed for 

Israel and Golan Heights as per the ratio deduced from SIDA (2016) project. For remaining riparian countries and 

under scenarios 1 and 4, the ratio of wastewater reuse was as derived from the SIDA (2016) database (i.e., 40% for 

Jordan and Syria, and none for Lebanon and PA), whereas for scenarios 2 and 3, the ratio of wastewater reuse was 

assumed to be 60% of consumed municipal water. 

 

As for non-conventional water resources and under scenarios 2.iii and 3.iii, the 

water supply accounted for the implementation of the RSDSC project as a preferred 

water supply development option for enhancing water supplies within the lower JRB 

(Quba’a et al., 2017). The supplies account for the 80 MCM/year that Israel would 

divert from Lake Tiberias (50 MCM/year to Jordan and 30 MCM/year to the PA) as per 

“Phase I” of the RSDSC and the water swapping agreement of 2013. 
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Based on Annex 6, and under scenarios 2 and 3 assuming a combination of 

supply and demand management measures, Israel’s water supply is enhanced when no 

water is diverted from Lake Tiberias through the National Water Carrier for utilization 

outside the basin. The enhanced water supply for Jordan under scenarios 2 and 3 of 

combined management measures are due to additional water through the RSDSC 

project. Similarly, the enhanced water supply for the PA under scenarios 2 and 3 of 

combined management measures is mainly due to the additional quantity from the 

RSDSC project and enhanced wastewater treatment. For both Lebanon and Syria, their 

water supplies under scenarios 2 and 3 were not enhanced as the potential for treated 

wastewater quantities is limited to only 9 and 188 MCM/year, respectively, when 60% 

of the generated wastewater is assumed to be treated and reused. This emphasizes the 

importance of water demand management measures within this portion of the basin. 

 

5.3.2 Projected Municipal and Industrial Water Demand 

Under the same baseline conditions (scenario 1), the municipal water demand 

(Figure ‎5.1a) within the basin will increase by two and half folds by the year 2050 to 

reach 1,185 MCM/year due to population growth. Scenarios 2 and 3 simulate similar 

conditions for the municipal sector by assuming that all riparians will be able to deliver 

200 liters per capita per day with reduced rates of non-revenue water. Under such 

assumptions, the municipal water demand becomes almost four times reaching 1,727 

MCM/year by 2050. Nearly 64% of this municipal demand will be needed by Jordan 

(Figure ‎5.2a) given that it has the largest number of within-basin population, which 

emphasizes the importance of reducing the rate of non-revenue water in Jordan from the 

current 0.45 to the rate of 0.15 by 2050 (Al-Omari, 2015). Still, these municipal water 
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demand numbers did not account for the Syrian refugees displaced by the civil war to 

other JRB riparian countries, namely Jordan and Lebanon. By the end of 2016, Lebanon 

has received a minimum 1,017,433 Syrian refugees and Jordan 655,833 (UNHCR, 

2016). With no end foreseen for the Syrian war, these refugees are expected to impose 

further pressures on all services within their hosting countries including water. Still, 

these Syrian refugees were not accounted for in the JRB water balance to avoid double 

counting in case these refugees moved from locations within the Syrian portion of the 

JRB. 

For the industrial sector, the scenarios indicate that under prevailing conditions, 

an increase from a current water demand of 51 MCM/year to 181 MCM/year 

(Figure ‎5.1) is driven by population growth and the potential accompanying increase in 

industrial water demand. The current rates of per capita industrial water consumption 

show that Jordan and Palestinian Authority are the least consumers of industrial water, 

while Lebanon and Syria have the highest industrial water consumption rates per capita. 

If all riparians are assumed to have the same industrial water demand of 25 liters per 

capita per day, then industrial water demand within the JRB would rise up to 181 

MCM/year with 64% incurred by Jordan. 

 

5.3.3 Projected Irrigation Water Demand 

During the baseline year of 2010, agricultural water demand was estimated at 

~1,016 MCM/year of which 998 MCM are used to irrigate 1,383 km
2
 within the basin. 

Scenarios 2.i to 2.iii assumed that available irrigated areas remain as if while irrigation 

efficiency is improved (2.i), selected high water consuming crops are eliminated (2.ii), 

or combination of both with enhanced water supply from implementing the RSDSC 
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(2.iii). On the other hand, scenarios 3.i to 3.iii assumed a 25% expansion in irrigated 

areas accompanied by improved irrigation efficiency (3.i), elimination of selected high 

water consuming crops (3.ii), or combination of both with enhanced water supply from 

implementing the RSDSC (3.iii). The results indicate that enhancing irrigation 

efficiency is as good as crop elimination for reducing the irrigation water demand 

within the basin. This is emphasized further under scenario 3 where irrigation of 1,729 

km
2
 required 1,045 MCM/year with improved irrigation efficiencies while the same 

area required 1,210 MCM/year with elimination of selected crops (see Annex 7). 

Extreme conditions (Scenario 4) of expanding irrigated areas by 25% under current 

irrigation efficiencies and cropping patterns reveals an agricultural water demand of 

1,248 MCM/year (Figure ‎5.1e) which represents 63% of the JRB natural water supply 

and around 54% of total water supplies that could be made available from conventional 

and non-conventional water sources. Figure ‎5.2 shows that the highest agricultural 

water demand is within Jordan and Syria followed by Israel. This again highlights the 

importance of improving the irrigation efficiency of the Syrian agricultural sector and 

the water saving benefits associated with enhancing and adopting demand management 

policies for the Jordanian agricultural sector. 
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(e) S3.i 
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(i) Range of JRB Water Demand-Supply Balance 

Figure ‎5.1. Water demand and supply balance under various scenarios: 2020-2050 
S1. “Business as usual”, S2.i. “Improve Irrigation Efficiency without expansion in irrigated areas”, S2.ii. “Changed cropping pattern without expansion in irrigated areas”,  

S2.iii. “Improved Irrigation, changed cropping pattern, & water supply development without expansion in irrigated areas”, 3.i. “Improve Irrigation Efficiency with expansion in irrigated areas”,  

S3.ii. “Changed cropping pattern with expansion in irrigated areas”, S3.iii. “Improved Irrigation, changed cropping pattern, & water supply development with expansion in irrigated areas”, and  
S4. “Expansion in irrigated areas under business as usual conditions and no management measures” 
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(a) Israel’s 2050 water demand and balance under various scenarios 

 
(b) Jordan’s 2050 water demand and balance under various scenarios 

 
(c) Lebanon’s 2050 water demand and balance under various scenarios 

 
(d) Palestinian Authority’s 2050 water demand and balance under various scenarios 
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(e) Syria’s 2050 water demand and balance under various scenarios 

 
(f) Golan Height’s 2050 water demand and balance under various scenarios 

Figure ‎5.2. Water demand and water balance for year 2050 by riparian party 
S1. “Business as usual”, S2.iii. “Improved Irrigation, changed cropping pattern, & water supply development without expansion in irrigated areas”,  

S3.iii. “Improved Irrigation, changed cropping pattern, & water supply development with expansion in irrigated areas”, and  

S4. “Expansion in irrigated areas under business as usual conditions and no management measures” 
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5.4 Discussion of the Water Supply-Demand Balance 

The JRB water supply balance illustrated in Figure ‎5.1(e) shows that the 

scarcity of water resources within the basin could actually be more a problem of water 

allocation. There is enough water to meet current water demands within the basin, allow 

some improvement to municipal per capita supply, and even allow a 25% expansion in 

irrigated agricultural areas with improved water demand measures. Only under 

continuation of existing conditions with expansion in irrigated agriculture would the 

basin’s water balance reach a deficit of 290 MCM/year. 

The maximum amount of water supply that could be made available via 

conventional and non-conventional water sources is 3,900 MCM/year (water supply 

under scenario 3.iii), which has the capacity of cover the within basin water demands 

with 25% expansion in irrigated agricultural areas and leaving an out flow of around 

980 MCM/year. Depending on assumed conditions, municipal water demand will 

require around 44 to 55% of the JRB water supply while industrial demand will need 5 

to 6%. Adopting policies that emphasize reducing the level of non-revenue water, 

especially within the Arab riparian countries, would allow enhancing the per capita 

consumption to reach 200 L/c/d across riparians. Irrigation water, which is at present 

consuming 44% of the JRB water supply, has the tendency to vary between 22 to 55% 

of the JRB water supply depending on simulation conditions (Figure ‎5.1). This wide 

range for irrigation water emphasizes the importance of water policies targeting the 

agricultural sector. 

However, the water balance results differ when looking at the individual 

riparian portions of the JRB. Though scenario 1 shows that overall the JRB would start 

facing a water deficit by 2050, Figure ‎5.2 shows that some of riparians are already 
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facing water deficits under current conditions (scenario 1). Details of the water balance 

by riparian country (Annex 7) show that Israel should be already suffering from a water 

deficit due to transferring the 375 MCM/year for out of basin use. However, most likely 

Israel is not currently facing this threat and is able to make up for its missing water 

demand while continuing the water diversion by using untapped water flows from 

Hasbani/Wazzani, the Banias and other water resources within the Golan Heights, and 

by curtailing Palestinians’ access to water resources under the guise of security. Only 

when the diversion of the 375 MCM/year is stopped under scenarios 2 and 3, Israel will 

stop facing a water deficit. This emphasizes the importance of the Golan Heights waters 

for Israel’s water security. 

In Jordan, the water balance (Annex 7) shows that it is already facing water 

shortage, which is compensated through over pumping of groundwater aquifers. 

Figure ‎5.2(b) shows that a major fraction of the water demand within the basin is 

generated within Jordan (45-56% depending on the simulated scenario). Scenarios 2 and 

3 show that without adopting demand management measures and implementing a mega 

water supply development project like the RSDSC, Jordan will continue to suffer from 

chronic shortages. As such, in addition to proposed policies at the basin, Jordan might 

consider planning for new sources of water supply by advocating for the “Mini Peace 

Pipeline”, which ranked second as the most preferable supply enhancement option, or 

by swapping water with Israel through the latter’s coastal desalination program in return 

for water release from Lake Tiberias. 

In Lebanon, the water balance scenarios (Figure ‎5.2c) show that Lebanon has 

adequate water quantity to expand its irrigated agricultural activities and maintain 

industrial activities within the basin. Still, the adoption of demand management 
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measures especially wastewater treatment and reuse, and enhanced irrigation efficiency 

are beneficial. Similarly, when Palestinians are allowed to use water resources within 

their territories of the JRB, they would be able to supply 200 liters per capita for 

municipal water use and to expand their industrial and irrigation activities by investing 

in wastewater reuse and obtaining additional water supply from the RSDSC project. 

However, at present they are not being able to abstract more than 40% of their 

available natural water supply. The Palestinians’ lack of control over their water 

resources is the major obstacle towards the management and development of their water 

consumption and supply within the JRB. 

Syria seems to have barely enough water supplies to meet existing conditions 

with natural population growth. However, expansion within its irrigated agricultural 

activities, will cause water shortages by 2030. Thus, policies targeting irrigation water 

efficiency and expansion of irrigated agriculture are significant for managing water 

demand within the Syrian portion of the JRB. For the Golan Heights, its water balance 

remains positive with enough water available to meet expansions in irrigated agriculture 

(Figure ‎5.2f). As mentioned above, Israel might be currently using the water resources 

of the Golan Heights to compensate for the transfer of 375 MCM/year from within the 

basin for out of basin use. 

Overall, the JRB water resources can sustain the population growth within the 

basin till 2050 under current conditions. However, such conditions cannot be anticipated 

to persist since population growth is usually accompanied with growth in services 

including agricultural activities. According to scenarios 1 and 4, the basin would face a 

deficit after 2040 (Figure ‎5.1.a and 5.1.h) without consideration for potential impacts of 

climate change. In this context and as mentioned above, global circulation models 
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projected an increase in temperature and decrease in precipitation for the region as a 

whole (Mitchell et al., 2004; Mimi and Abu Jamous, 2010; Al-Bakri et al., 2013). Note 

again that the impacts of climate change on available natural water supply as well as on 

water demand, such as increased crop water requirement (Mimi and Abu Jamous, 2010; 

Al-Bakri et al., 2013) and increased domestic water demand, were not considered. 

Understanding the influence of climate change on water consumption would assist in 

guiding water management activities within the basin with riparians requiring different 

water management measures. 

 

5.5 Conclusion 

Given the situation of water scarcity within the JRB, scenario analysis was 

used to evaluate the influence of different water management options on the JRB water 

supply and demand balance. The consequent water supply-demand balance simulated 

the persistence of current conditions within the basin given population growth and 

another unrealistic extreme of maximum expansion of irrigation activities into all fallow 

areas. Accordingly, results indicated that water deficit already exists for Jordan and 

Israel. However, Israel’s water deficit is not apparent most probably because it is filling 

this gap from the unused flows of the Hasbani River and from the Palestinians and the 

Golan Heights water resources that are under Israeli control. For Syria, if any expansion 

occurs within its irrigated agricultural activities, water deficit within its JRB territories 

will onset by year 2030. Overall, by 2050 the municipal water demand within the JRB 

would range from 45 to 63% of the available water supply depending on the per capita 

water allotted to the municipal sector and the efficiency of the water supply networks. 

The industrial demand by 2050 would be around 5% of the basin’s water supply making 
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it the least sector affecting the water balance of the JRB. The wider range of water 

demand is expected within the agricultural sector that may require 38 to 255% of the 

basin’s water supply by 2050 depending on the extent of irrigated agriculture expansion 

into fallow areas and on the change in the efficiency of irrigation systems within some 

riparian countries. On the other hand, the maximum amount of water supply that could 

be made available via conventional and non-conventional water sources is 3,900 

MCM/year, which covers only 42% of the maximum water demand within the basin 

with the agricultural sector being the main driver behind this large water deficit. 

This water supply-demand assessment is associated with several limitations 

mainly related to the need to account for potential climate change impacts on natural 

water supply available within the JRB as well as the potential changes in water demand 

in response to higher temperatures and consequent changes in per capita municipal 

water demand and crops water requirements. In addition, a more comprehensive 

approach may be developed by exploring the impacts of virtual water on the JRB water 

balance. Moreover, the water balance did not account for environmental water needs 

within the JRB. These limitations are discussed below. 
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CHAPTER 6 

BENEFIT-SHARING UNDER A POSITIVE 

APPORTIONMENT FRAMEWORK TOWARDS ENHANCING 

COOPERATION IN DISPUTED RIVER BASINS 

 

6.1 Introduction 

Transboundary or shared water resources have invariably been prone to water 

conflicts because water is a vital resource basic to human survival and development. 

The Middle East in particular is a semi-arid to arid region known to suffer from scarce 

water resources, high population growth, and political instability that has witnessed 

unprecedented intensity in recent years. Under such conditions, crises over shared water 

resources are often foreseen as an increasing risk for international controversies, 

political disputes, and even militarized conflicts (Yetim, 2003; Falkenmark, 1989). 

To date, water conflicts in the Middle East persist in various basins including 

the Tigris-Euphrates, the Nile, the Orontes, and the Jordan River Basin (El-Fadel & El-

Fadl, 2005) with the latter presenting further challenges due to a historic socio-political 

discord over land and national identity (Dolatyar & Gray, 2000; Drake, 1997). Its 

riparians
9
 face varying degrees of water scarcity, which is expected to worsen with the 

increase in water demand brought about by continued population and economic growth 

accompanied by urbanization and exacerbated by potential climate change impacts (El-

Fadel, 2010). 

                                                 
9
 Israel, Jordan, Lebanon, Palestinian Authority, and Syria (cited in alphabetical order) 
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While no comprehensive agreement exists among all five riparians to regulate 

the use and allocation of the basin’s waters, Israel and Jordan have signed a water 

agreement as part of their peace treaty. Similarly, the Israelis and Palestinians have 

made some past progress in peace negotiations, but they have yet to agree on water 

allocation. Moreover, at the international stage, there is no legally binding water law 

that can incentivize countries to share water resources, with the 1997 United Nations 

Water Convention lacking enforcement mechanisms. Thus, an agreement on 

transboundary water resources in the basin continues to depend on a mutual 

understanding of riparians (Zeitoun et al., 2012). 

The management of transboundary rivers is invariably complex due to 

disagreements over water allocations and flows, riparians’ contribution to that flow, 

historic uses, and future demands associated with social, ecological, and economic 

needs of each riparian (Atalan, 2007). While transboundary river basins have often been 

implied as sources of conflict (Butts, 1997; Homer-Dixon, 1994; Gleick, 1993; Homer-

Dixon 1991; Lipschutz, 1989; Westing, 1986; Gurr, 1985), emphasizing the potential 

for cooperation through the co-management and co-development of such basins have 

been evolving especially with the increase in global water demand (Bhagabati et al., 

2014; Bhaduri & Liebe, 2013; MacQuarrie et al., 2008; UN Water, 2008; Dinar, 2008; 

Uitto & Duda, 2002; Wolf, 1998; Gleick, 1993; Rogers, 1993). Though cooperation is 

becoming imperative for achieving improved transboundary water management 

(TWM), the process is intricate and varies from basin to basin as what works in one 

geographical or political setting may not be suitable for another (UN Water, 2008). The 

general framework for TWM revolves around several pillars entrenched in a vision for 

cooperation, river basin organizations and action programs, information sharing, third 
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party support, and stakeholders’ involvement. In this context, a vision of cooperation 

and ownership is a significant aspect towards achieving TWM; however it requires a 

clear understanding of water allocation potentials, which in turn is challenged by the 

absence of consensus among riparian countries, socio-economic disparity as well as 

hydropolitics and power asymmetries among riparians (Kim & Glaumann, 2012; Earle 

et al., 2010). Further steps are imperative to ensure the availability of incentive benefits 

for all parties to induce the cooperation over transboundary waters (Jägerskog & 

Zeitoun, 2009). Such benefits are usually planned using a benefit-sharing mechanism 

which may be defined as the cooperation of riparians towards achieving equitable 

utilization and sharing of benefits (and costs) resulting from water resources 

development and use (Hensengerth et al., 2012; MRC, 2011). This approach aims to 

widen the basket of benefits and achieve a positive-sum outcome or a win-win 

framework through which all parties recognize cooperation to be more advantageous 

than non-cooperation. The approach becomes more significant when TWM is 

politicized in which case, pointing out economic incentives may generate the political 

will for cooperation and for overcoming difficulties in water negotiations due to power 

asymmetry between riparians (Jägerskog and Zeitoun, 2009; Earle et al., 2010). Further 

disparities, such as technical capacity, among riparians can be balanced through the 

involvement of third parties who can also play an active role in mediating negotiations 

and providing strong leadership to reach consensus and successful cooperation over 

water sharing (Mostert, 2005; Qadummi, 2008; UN Water, 2008). Previous experience 

with benefit sharing defines four types of the latter: (i) benefits to the river, (ii) benefits 

from the river, (iii) the reduction in costs because of the river, and (iv) benefits beyond 

the river that extend regional cooperation beyond the boundaries of water allocation to 
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other sectors of mutual interest (Sadoff and Grey, 2002 and 2005; van der Zaag, 2007; 

Mostert, 2005; Qaddumi, 2008; UN Water, 2008; Dombrowsky, 2009; MRC 2011). 

These categories focus on policy, economic, environmental and ecosystem benefits 

arising from better river management, which can be generated from potential trade and 

exchange between the water and energy sectors as well as between water and food 

products (i.e. virtual water). Empirical evidence shows that successful benefits sharing 

can take place with many well-documented examples (Table ‎6.1). 

 

Table ‎6.1. Examples of successful benefit sharing experiences 

Case Riparians Description of benefit-sharing approach Reference 

The Lesotho 

Highlands Water 

Project 

South Africa 

and Lesotho 

Benefit sharing “from the river” by which Lesotho 

achieved economic gains from water transfer and 

energy from hydropower on Senqu River and South 

Africa benefited from cost-effective water from high 

altitude storage.  

Earle et al., 

2010 

The Senegal 

River 

Mali, 

Mauritania 

and Senegal 

Benefit sharing “from the river” through 

development of irrigation, hydropower and 

navigation are distributed equitably by the river 

development organization based on the levels of 

investment contributed by each riparian. 

Earle et al., 

2010 

The negotiations 

over the Scheldt 

and the Meuse 

River Basins 

Belgium and 

the 

Netherlands 

A form of benefit sharing “beyond the river” and “to 

the river” where controversies over the two basins 

were linked to reach a workable agreement through 

which the Dutch provided Belgium vessels access to 

the port of Antwerp through the Scheldt estuary 

located within Dutch territory. In return, Belgium 

agreed to reduce pollutant loading to the upper parts 

of the Meuse River. 

van der 

Zaag, 2007 

The Lancang-

Mekong River 

Basin 

Thailand and 

Laos 

An illustration of cooperation over hydropower to 

increase “benefits from the river” despite existing 

political conflicts. 

MRC, 2011 

The Agreement 

in the Syr Darya 

basin/Aral Sea in 

Central Asia 

Kazakhstan, 

the Kyrgyz 

Republic, 

Uzbekistan, 

and 

Tajikistan 

A successful arrangement that uses the water-energy 

nexus as the linkage for achieving transboundary 

benefit sharing “beyond the river”. The upper 

riparians agreed to reduce winter season hydropower 

generation in favor of summer water releases for 

irrigation and lower riparians provided gas, coal and 

oil as compensation. 

MRC, 

2011; 

Qadummi, 

2008 
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Naturally, there are factors that support and others that hinder the success of 

benefit sharing agreements. The perception of fairness and the concrete outcomes 

arising from such agreements constitute strong aspects contributing to the success or 

failure of benefit sharing agreements (Hensengerth et al., 2012; van der Zaag, 2007). 

Obstacles to benefit sharing include scarcity of water
10

, strength of the dominating 

riparian
11

, and entanglement of water disputes with issues related to national 

sovereignty
12

. 

Other transboundary water experiences show that some forms of cooperation 

have failed because not all riparians were included in the agreement
13

 or for political 

conflicts
14

. Still there are instances when agreements were reached despite existing 

political conflicts such as the benefit sharing cooperation between Thailand and Laos in 

the field of hydropower (MRC, 2011) and the cooperation between Pakistan and India 

over the Indus River Basin for over 40 years through a Permanent Indus Commission 

(PIC) despite the political discord between the two countries (Zawahri, 2009; Alam, 

2002). 

Overall, benefits can act as stronger drivers to encourage riparians to cooperate 

and to resolve disputes over the basin’s water allocation and management issues 

particularly when the benefits are incorporated into an encompassing agreement that 

involves riparians in the allocation of the resource in the basin as one unit (Atwi & 

                                                 
10 Reallocation of water resources as part of a benefit sharing agreement has not been recorded yet 

between countries suffering from water scarcity. 
11 For instance, Egypt has been able to obtain water quantities from the Nile according to its own interests 

and without any form of benefit sharing with the rest of the Nile riparians mainly due to its power. 
12 For instance, the Jordan River Basin that has long been associated with land disputes / occupation 

between Israelis and Palestinians. 
13 For instance, Mekong River Commission (in Southeast Asia shared by the six riparian countries of 

China, Mynamar, Thailand, Cambodia, Vietnam and Laos) (Haefner, 2013). However, China and 

Mynamar are not included in this commission (TFDD, 2007). 
14 For instance, political dispute between Egypt and Ethiopia acted as the main reason for the failure of 

discussions over a benefit sharing mechanism for the Nile basin. 
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Choliz, 2011). A water allocation plan resulting from such an agreement should 

preferably abide by the international water law on transboundary water resources to 

attain the perception of fairness. It equally needs to be part of a wider basin-level 

integrated management framework, with a water commission specifically developed to 

manage the internationally shared river system according to the terms of the framework 

while having a mechanism to address potential conflicts or changes that might occur 

(Zawahri, 2009; Brels et al., 2008; Yoffe et al. 2003; Giordano et al., 2005; Giordano & 

Wolf, 2002; Priscoli, 1996). 

In the Middle East, water conflicts can intensify due to water scarcity and 

increasing pressures associated with population growth, socio-economic development, 

and political instability. The Jordan River Basin (JRB) is a case in point with its water 

threatened by overexploitation and pollution from industrial, agricultural, municipal, 

and other anthropogenic sources (Becker et al., 2012). Its riparians can no longer satisfy 

their needs from common resources without adversely affecting the water quantity and 

quality available to others, and without threatening the integrity of the basin’s 

ecosystem. While water allocation plans were historically proposed
15

 and bilateral 

agreements exist among some riparians
16

, the JRB conflict is not anticipated to be 

resolved in the absence of a multilateral agreement over the sharing of its waters. The 

potential for cooperation is hindered by historical political conflicts as well as more 

recent ongoing hostilities in the region. Conventional approaches relying on 

international water law for referring to sustainable water allocation schemes lack 

enforcement mechanisms and hence the situation becomes more difficult to address 

                                                 
15 Main Plan (1953), Cotton Plan (1954), Arab Plan (1954), and Johnston (Unified) Plan (1955) 
16 Israeli - Palestinian Declaration of Principles of 1993 and Interim Agreement of 1995,  

Israeli - Jordanian Peace Treaty of 1994, and Jordanian - Syrian agreements over the Yarmouk River 
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when countries are plagued with water scarcity, which is the case of the JRB. Hence, a 

clear win-win framework with attractive incentives is more likely to bring the riparians 

to a common ground. Phillips et al. (2008, 2007a, 2007b, and 2006) suggested a 

positive-sum outcome approach for the JRB in which “new water” is developed to 

replace reallocated quantities and solve the problem of the zero-sum game in which the 

gain of one party is the loss of another. However, Israel, which is the strongest 

dominating riparian over the JRB waters, has already created its own coastal 

desalination program, which implies that the benefit of “new water” is no longer as 

attractive to Israel. Other economic incentives may encourage riparians including Israel, 

into negotiating the reallocation of JRB waters. Hence, in this study, a benefit-sharing 

mechanism with energy as the catalyst is argued to develop a positive apportionment 

(win-win) planning and management framework for the JRB and encourage riparians to 

enter into negotiations over water allocation despite the persistence of challenges related 

to land tenure, security and sovereignty amongst other issues. Factors influencing the 

success of such a framework were examined using a SWOT (Strengths, Weaknesses, 

Opportunities, and Threats) analysis. A critical review and synthesis of the JRB’s 

characteristics precedes including water demands and allocations, major water 

development plans and projects implemented within the basin, and existing bilateral 

agreements stressing their futility in the absence of economically attractive interests that 

can catalyze a lasting process and emphasizing the complexities of determinants 

controlling socio-political disagreements in the basin. 
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6.2 Basin Characterization: Background Synthesis 

The JRB has a catchment area of about 18,300 km
2 

extending 360 km from 

north to south, with water rising at the mountain range of Mount Hermon (also known 

as Jabel El-Sheikh), part of the southwestern Anti-Lebanon range, and discharging into 

the Dead Sea (Figure ‎6.1). 

 

 
Figure ‎6.1. The Jordan River Basin (adapted from Attili, 2004) 

 

Based on the basin’s hydrogeologic characteristics, water use patterns and 

surface water bodies, the JRB can be classified into three sections (Atwi & Choliz, 

2011; Attili, 2004; Mimi & Sawalhi, 2003): 

 

 The Upper Jordan River, starting at the headwaters feeding the point of confluence 

of the Hasbani, Dan and Banias rivers and ending at Lake Tiberias. This section is 

shared between Israel, Lebanon, and Syria. The average annual flows (rainfall 

dependent) of the three rivers for the period 1949-2004 are: Hasbani 123 million 
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cubic meters per year (MCM/year); Banias around 114 MCM/year; and Dan 241 

MCM/year. The Dan has the largest and most stable flows that rarely vary by more 

than 10 percent (Zeitoun et al., 2012). At the confluence, the total average flow of 

the Upper Jordan River is around 480 MCM/year, which flows south through the 

Hulah Valley towards Lake Tiberias (also known as the Sea of Galilee and as Lake 

Kinneret). Lake Tiberias has an average natural outflow estimated at 605 

MCM/year, most of which has been diverted for out-of-basin use to Israel’s coastal 

plain and the Negev Desert through the Israeli National Water Carrier. 

 The Yarmouk River, which is the largest tributary of the Jordan River. The major 

co-riparians to this section are Jordan and Syria while Israel is only a minor one. For 

the period between 1927 and 1954, the Yarmouk’s average annual flow at the 

confluence of the Lower Jordan River ranged between 440 and 470 MCM/year or 

around 40 percent of the entire river’s flow (Courcier et al., 2005; Rowley, 1993). 

 The Lower Jordan River starting at the confluence of the Yarmouk River with the 

Jordan River at the southern end of Lake Tiberias and ending at the Dead Sea. This 

part is shared between Israel, Jordan, and the Palestinian Authority. 

 

Historically, the discharge to the Dead Sea was between 1,250-1,600 

MCM/year, with an average of around 1,370 MCM/year (Table ‎6.2 and Figure ‎6.2) 

(Courcier et al., 2005; Mimi & Sawalhi, 2003). However, in recent decades, large 

amount of this flow being diverted away through Israel’s National Water Carrier, the 

drainage of the Hulah valley, as well as several dams in Jordan and along the Yarmouk 

River in Syria. These large-scale water withdrawals and transfers reduced the flows to 

about one-tenth of the historic level, with current flows dropping to less than 200 
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MCM/year, most of which consist of diverted saline spring water, aquifer inflows of 

unknown quantity, return flow from agriculture activities in the East Jordan Valley, 

occasional flash flood, and wastewater discharged by nearby towns, villages, and 

settlements (Gunkel & Lange, 2012; Hoff et al., 2011; Courcier et al., 2005; Al-Kloub 

& Abu-Taleb, 1998). 

Table ‎6.2. Surface water of the Jordan River Basin 

Geographic location 

Flow 
a
 

(MCM/year) 

Actual Flow in the presence of development 

projects 

Upper Jordan River Basin   

Hasbani River 
b
 123 Limited utilization of the natural flows. Lebanon 

developed the Wazzani pumping station with a 

pumping capacity of 4.4 MCM/year 
b
. 

Banias River 
b
 114 Under Israeli control since 1967. 

Dan River 
b
 241  

Confluence of the three rivers 
b
 480 Under Israeli control since 1967. 

Hulah marshes  Drained by Israel in the early 1950s and used for 

agricultural development 
b
. 

Upper Jordan flow into lake Tiberias 
c
 890  

Evaporation in lake Tiberias 
c
 285  

Natural outflow from lake Tiberias 
c
 605 Declined to 35 MCM due to water diversion into 

Israel’s National Water Carrier. 

Yarmouk River   

Yarmouk river average flow 
c
 440-470 Declined to 380 MCM and to then to 270 MCM 

due to building of dams and direct pumping for 

irrigation in Syria. 

Lower Jordan River Basin   

Zarqa River annual stream flow 
c
 90 Declined to ~60 MCM, of which a large portion 

is treated wastewater due to Jordanian usage. 

Northern side wadis 
c
 90  

Southern side wadis 
c
 30-35  

Western side wadis 
c
 60  

Lower Jordan flow reaching Dead Sea 
c
 

1,370 Declined to 20-200 MCM 
d
 of which 30 MCM 

are the saline spring waters diverted by Israel 

away from Lake Tiberias towards the lower 

Jordan River. 

a Natural flows without use or diversion. 
b Zeitoun et al., 2012. 
c Courcier et al., 200. 
d UN-ESCWA and BGR, 2013. 
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Figure ‎6.2. Historical Lower Jordan River Basin hydrology (adapted from Courcier et al., 2005) 

 

The JRB water supply balance presented in Table ‎6.3 is based on literature 

reported data and information on precipitation rates and average surface and ground 

water resources available per riparian country. Accordingly, the evapotranspiration (ET) 

within the JRB basin was derived as the difference between precipitation and the 

available surface and groundwater resources. This general estimate of ET within the 

JRB reveals that 69% of rainfall within the basin is lost to evapotranspiration. 
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Table ‎6.3. Estimated natural water supply distribution within the JRB by riparian country 

Parameter Reference Unit Israel Jordan Lebanon PA Syria Golan Heights Total 

Precipitation 

SIDA, 2016 MCM/year 984.8 1,900.3 380.7 714.0 1,495.7 566.8 6,042.3 

Mimi and 

Sawalhi, 2003a 

MCM/year 343.5 1,701.2 337.3 846.2 3,142.1b 566.8b 6,937.1 

Average MCM/year 664.2 1,800.7 359.0 780.1 2,318.9 566.8 6,489.7 

Surface water 

including 

spring water 

SIDA, 2016 MCM/year 261.3 217.3 147.1 115.1 314.3 371.3 1,426.4 

PWA, 2012 MCM/year - - - - - - - 

Phillips et al., 

2007b;  

AFIAL, 2014 

MCM/year - - 120.0 - - - - 

Average MCM/year 261.3 217.3 133.6 115.1 314.3 371.3 1,412.9 

Groundwater 

safe yield 

SIDA, 2016 MCM/year 57.3 126.5 36.9 129.1 255.0 30.5 635.3 

This study MCM/year 43.1 126.0 65.0 120.8 137.6 21.1 513.6 

Average MCM/year 50.2 126.3 51.0 125.0 196.3 25.8 574.6 

Evapo-

transpiration 

Derived MCM/year 352.7 1,457.20 174.5 540 1,808.30 169.7 4,502.40 

a To convert Mimi and Sawalhi (2003) precipitation rates from mm/year to MCM/year, they were multiplied by JRB 

surface area reported by Mimi and Sawalhi (2003). 
b The precipitation rate of Mimi and Sawalhi (2003) covered the whole of Syria within the JRB. As such, the 

precipitation rate for Golan Heights reported by SIDA (2016) was deducted from Mimi and Sawalhi (2003) 

reported precipitation rate for Syria, and the Golan Heights were attributed the same precipitation rate reported by 

SIDA (2016). 

 

In addition to the large losses to ET, water resources in the JRB are threatened 

by overexploitation and pollution from industrial, agricultural, municipal, and other 

anthropogenic sources (Becker et al., 2012). Its riparians can no longer satisfy their 

national needs from common resources without adversely affecting the water quantity 

and quality available to others, and without threatening the integrity of the basin’s 

ecosystem. This situation has come about mainly as a result of unilateral water 

development projects especially by Israel, Jordan and Syria (Levner, 2006; Mimi and 

Sawalhi, 2003). In this context, Israel’s control and diversion of Lake Tiberias water for 

agricultural and domestic uses outside the basin impacted negatively the river water 

quantity and quality as well as the Dead Sea level. In addition, the discharge of saline 

springs north of Lake Tiberias and of wastewater effluent to the Lower Jordan, further 

degraded the water quality reaching the Dead Sea. The Jordanian’s over-pumping of 

groundwater led to the drying up of natural springs and contributed further to the 
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increase in water salinity of the lower Jordan. Upstream, the Syrian diversion of the 

Yarmouk water (springs, dams, and groundwater) equally contributed to increased 

salinity in the base-flow downstream. The most notable environmental impacts of the 

combined activities along the river are summarized below (Yaqob et al., 2014; Hoff et 

al., 2011; Becker et al., 2012; Al-Kloub and Abu-Taleb, 1998; Mimi and Sawalhi, 

2003): 

 

 Water quality deterioration particularly during summer time when the river 

is near dry and its flow is limited to saline springs, wastewater and industrial 

effluent discharge from nearby towns and settlements, and return flow from 

agriculture in the East Jordan Valley. Salinity levels often exceed 3,000 ppm 

during the dry months (Figure ‎6.3). 

 The shrinking of the Dead Sea, whereby water overexploitation in the basin 

caused an accelerated drop in water level from 399 m BSL in 1978 to 419 m 

BSL in 2007. At present, the level is dropping at a rate of 1 m per year. 

Evidently, the decrease in discharge reaching the Dead Sea is causing these 

dramatic changes, with serious adverse environmental impacts. Efforts to 

restore the Dead Sea to its original level include the proposed Red Sea-Dead 

Sea Conveyor project, which was supposed to serve as a source of 

desalinated water to Israel, Jordan, and the Palestinian Authority (Abu 

Ghazleh et al., 2010; Abu Qdais, 2008). However, this option is no longer 

considered and Jordan is seeking to implement it as a local Jordanian water 

development program referred to as the Jordan Red Sea Project (JRSP) for 

seawater desalination (GoJ, 2011). 
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Figure ‎6.3. Salinity levels along the Jordan River based on sampling throughout a hydrological year 

(adapted from Farber et al., 2004) 
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6.3 Water Allocation and Demand 

The conflict over the basin’s water dates back to the late 1940s. Since that 

time, overt and covert conflicts occurred between Israel and its neighboring countries 

over water allocation. During the 1967 Arab-Israeli war, Israel occupied the Syrian 

Golan heights and later on, in 1982, extended a security zone into southern Lebanon 

putting the confluence of the three rivers (Hasbani, Banias, and Dan) under its control 

and limiting exploitation of the three rivers to ensure uninterrupted flow to Lake 

Tiberias (Zeitoun et al., 2012; Allan, 2003; Zawahri, 2010). Similarly, in 1967 and at 

the downstream end, Israel occupied the West Bank and controlled the access of 

Palestinians and Jordanians to the Jordan River and underlying aquifers. Naturally, the 

water conflict was exacerbated by land occupation leading to perceptions of inequitable 

distribution bolstered by the existing balance of power and aggravated by the lack of 

water allocation agreements among riparians. 

 

6.3.1 Water Allocation 

The average of the basin surface area and the number of population living 

within the basin contributed by each riparian are presented in Table ‎6.4 (SIDA, 2016; 

UN-ESCWA and BGR, 2013; ICBS, 2013; Zeitoun et al., 2012; Comair et al, 2012; 

Phillips et al., 2007b; Mimi and Sawalhi, 2003). Also, the average of reported rates of 

surface and ground water abstraction from the JRB are presented in Table ‎6.4 (SIDA, 

2016; Zeitoun et al., 2012; AFIAL, 2014; PWA, 2012; UN-ESCWA and BGR, 2013; 

Mimi and Sawalhi, 2003). The numbers reflect an asymmetry in water allocation among 

riparians, whereby Israel emerges as the largest user at ~43 percent, followed by Jordan 

and Syria at 25 percent each, Palestinian Authority 6, and Lebanon at 1 percent. In 
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terms of basin area, Israel encompasses 10 percent, whereas Jordan and Syria have 

~39 and 37 percent, respectively. The Palestinian Authority has 10 percent share of the 

basin’s area and Lebanon 4 percent (Table ‎6.4). Similarly, in terms of population 

living in the basin area, Israel contributes 9 percent of the basin’s population whereas 

Jordan and Syria contribute around 65 and 17 percent, respectively (Table ‎6.4). Those 

numbers reflect a disproportionate use of water within the basin, whereby countries that 

have the largest basin area and/or the highest population living within the basin, are not 

those that have the highest share of the basin’s water. 

Israel is the main user of the upper Jordan basin since Lebanon uses only 

around 11 MCM/year from the upper section and Syria is cut off from the upper JRB 

flows (Zeitoun et al., 2012). The Yarmouk River is used mostly by Syria followed by 

Jordan and Israel. With respect to the lower Jordan, it is used by Israel and Jordan while 

the Palestinians’ access to this section have been controlled by the Israelis since 1967 

when Israel declared the West Bank land adjacent to the Jordan River a closed military 

zone (PWA, 2010). Before 1967, the Palestinians in the West Bank depended on the 

surface water of the Jordan River itself as an important source of water for domestic and 

agricultural use to irrigate about 10,000 ha in the Jordan Valley (UN-ESCWA and 

BGR, 2013). 
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Table ‎6.4. Surface and ground water abstraction from the Jordan River Basin and other basin indicators 

Indicator Unit Israel Jordan Lebanon Palestinian 

Authority 

Syria 

Average within basin 

population
a
 

Thousands 708 4,951 103 568 1,264 

(%) 9.3 65.2 1.4 7.5 16.6 

Average of reported within 

basin area
a
 

km
2
 1,911.50 7,240.50 674.5 1,832.4 6,912.1

d
 

(%) 10.3 39 3.6 9.9 37.2 

Average of reported surface 

water abstraction
b
 

MCM/year 675.6 248.6 6.1 5.1 185.5 

(%) 60.3 22.2 0.5 0.5 16.5 

Average of reported 

groundwater abstraction
b
 

MCM/year 61.4 297.4
e
 6.4 91.8 282.7 

(%) 8.3 40.2 0.9 12.4 38.2 

Average total water 

abstraction 

MCM/year 681.6 393.2 11.1 94.5 401.6 

(%) 43.1 24.9 0.7 6 25.4 

Surface water abstraction/in-

basin population 

m
3
/capita/year 953.6 50.2 59.2 9.0 146.8 

Groundwater abstraction/in-

basin population 

m
3
/capita/year 86.7 60.1 62.1 161.6 223.7 

Total abstracted water/in-

basin population 

m
3
/capita/year 962.1 79.4 107.6 166.3 317.8 

Total abstracted water/in-

basin area 

m
3
/m

2
/year 35.7 5.4 1.6 5.2 5.8 

a Phillips et al., 2007b; SIDA, 2016; Comair et al., 2012; UN-ESCWA and BGR, 2013; Mimi and Sawalhi, 2003; 

ICBS, 2013; Zeitoun et al., 2012 
b SIDA, 2016; Zeitoun et al., 2012; AFIAL, 2014; PWA, 2012; UN-ESCWA & BGR, 2013; Mimi and Sawalhi, 2003 
c Syrians in the Golan Heights were considered as part of Syria’s population and Israelis as part of Israel’s 

Population. Also, the Israeli settlers within the West Bank were considered part of the Israeli population. 
d The Golan Heights was counted as part of the Syrian basin area. 
e Includes groundwater quantities abstracted beyond the safe yield of the aquifers. 

 

6.3.2 Riparians Water Resources 

A general overview of the water situation within each riparian country is 

presented in Table ‎6.5. Evidently, the socioeconomic standings of riparians are 

vulnerable in different ways and extent to restrictions in available water supplies. This 

is further complicated by the fact that Israel, Jordan, and Syria derive a large fraction of 

their water from internationally shared resources, with more than 90 percent of Syria’s 

water resources shared with its neighboring countries, namely Iraq, Israel, Jordan, 

Lebanon, and Turkey. In addition, more than half of Israel’s water resources are shared 

with Jordan, Lebanon, the PA, and Syria; while more than 36 percent of Jordan’s water 

is from surface sources shared with Israel, Syria, and the PA (Drake, 1997). 
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Table ‎6.5. Overview of riparians water resources and factors affecting water shortage at the national level 

 Israel Jordan Lebanon Palestinian Authority Syria 

Total available 

renewable water 

1,780 MCM/year a 937 MCM/year a 4,503 MCM/year a 

1,377 MCM/year h 

837 MCM/year a 

271 MCM/year j 

16,800 MCM/year a 

Per capita renewable 

water resources 

220.7 m3/capita/year a 123.4 m3/capita/year a 769.6 m3/capita/year a 179.3 m3/capita/year a 908 m3/capita/year a 

Per capita water 

consumption 
255 m3/capita/year b 

(2013) 

56.2 m3/capita/year e 

(2013) 

51 to 73 m3/capita/year i 

(2010) 
82 m3/capita/year l 

(2010) 

825 m3/capita/year m 

(2010) 

Water stress level 

(Falkenmark index) 

Absolute water scarcity Absolute water scarcity Water stressed Absolute water scarcity Water stressed 

Factors contributing to 

water stress 

Population growth and  

urbanization. c 

Economic growth and 

massive influx of refugees 

following wars in neighboring 

countries such as the Kuwait / 

Iraq wars and the Syrian 

crisis. f 

Population growth, 

urbanization, expansion 

of irrigated land and 

uncontrolled tapping of 
groundwater. i 

In addition, there is the 
stress of refugees. 

Population growth and 

restrictions to develop water 

resources from shared 

groundwater aquifers, the 

Jordan River, as well as 

rainwater harvesting. k 

Population growth, 

urbanization, and 
irrigation. 

Contribution of shared 

sources of water 

supply 

West Bank aquifers: 25% 

Jordan River Basin: ~30% 

Internal sources: ~45% a 

External: 27.2% a 

Transboundary: 40% e 

External:  1% a Purchased from Israeli Water 

Company: 18.5% of water 

consumed in 2014 l 

External: 72.3% a 

Non-conventional 
sources of water 

- Desalination provided ~13% of 2010 

water supply and a growing program 

of desalination plants has been 

initiated along Mediterranean Coast, to 

supply 23% of the country’s 2050 

water needs. c 

- Wastewater reuse is >80% of treated 
wastewater effluent. d 

Wastewater reclamation is 

significant (Wastewater Reuse 

Index = 38% for year 2007) g 

and desalination is being 

considered as part of the Red-

Dead Sea Water Conveyance 

project. 

No records on non-

conventional water 

resources such as 

wastewater reuse and 

desalination; both are 

negligible in total 

quantity. i 

- Wastewater reuse is almost 
non-existent. 

- Desalination is being 

considered to supply Gaza 
with potable water. 

- Wastewater reuse: 15, 55 

and 65% of water 

consumed in agriculture, 

municipal and industry. 
m 

- No desalination projects 

have been triggered to 

date. 

Additional comments Though a large portion of irrigation 

water is derived from treated domestic 

wastewater and brackish water, 57% is 

still blue water from the country’s 
natural water supply. d 

Groundwater over pumping is 

160 MCM and drawdown 

from static water level 
between 1-2 m yearly. e 

Problem of unlicensed 

wells and over pumping 
of groundwater. i 

- Palestinians purchase water 

from Israel water company, 
Mekorot. 

- Problem of groundwater over 

pumping in Gaza. 

 

a FAO, 2014; b ICBS, 2015; c Becker, 2012; d Angelakis and Snyder, 2015; e MWI (Jordan), 2013; f Hadadin et al., 2010; g Alfarra et al., 2011; h MoEW (Lebanon), 2010; i Ecodit, 2011;  
j PWA, 2010; k Abu Zahra, 2001; l PCBS, 2014b; m Mourad and Berndtsson, 2012. 
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The JRB contributes ~5 percent of the total water demand of the two upstream 

riparians, Lebanon and Syria. Jordan, with its serious water shortage and consequent 

over-pumping of groundwater resources, relies on the Jordan and the Yarmouk Rivers 

as the main surface water resources to satisfy major water needs specially to irrigate its 

Jordan Valley and to provide drinking water to its capital Amman, although this has 

become very difficult in recent years. With respect to Israel, it depends on the upper 

Jordan to provide around one quarter of its water consumption (Israeli Water Authority, 

2012). However, and in response to reduced water availability, Israel has also adopted a 

combination of conservation efforts and a growing desalination program. The Israeli 

national master plan for desalination encompasses the construction of seven plants 

along the Mediterranean with a capacity of 13 percent of Israel’s water supply by 

2010. The plan aims to increase the contribution of desalination to around 23 percent of 

Israel’s water supply by 2050 (Israel Water Authority, 2012; Feitelson et al., 2012), 

with projections to further increase reliance on desalination (Feitelson and Rosenthal, 

2012; Becker et al., 2012). Desalination is a more challenging option for Jordanians and 

Palestinians in the West Bank due to long distances from the coast. Still Jordan is 

aiming to increase its desalinated water dependency by pushing for the implementation 

of its local desalination program referred to as the Jordan Red Sea Project (JRSP) (GOJ, 

2011). 

 

6.3.3 Water Demand 

The riparians’ water demand is expected to increase in response to population 

growth, development, and potential climate change impacts. Israel, Jordan, and Syria 

divert over 90 percent (1,248 MCM/year) of the historic flow of the Lower Jordan River 
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for agricultural use (UN-ESCWA & BGR, 2013). Though water shortages have forced 

riparians to shift more of the water for municipal use, water for agriculture still 

consumes the greater fraction of the countries’ water resources (Figure ‎6.4). 

 

 
Figure ‎6.4. Riparian water consumption across three sectors of water use (country level estimates) 

 

The JRB has an estimated total irrigated area of 100,000 to 156,000 hectares 

(ha). The examination of national agricultural indicators (agricultural workforce, GDP 

contribution, and agricultural water consumption) shows that agriculture is more central 

to the economies of Syria and the Palestinian Authority. The Palestinian agricultural 

sector accounts for 12 percent of the labor force and 5 percent of the GDP while 

consuming 36 percent of the water supply. In Syria, agriculture’s contribution to the 

GDP reaches 16 percent and the sector employs ~17 percent of the nation’s workforce 

(Table ‎6.6). One may argue that Syria has higher labor working in agriculture due to its 

reliance on older technology and manual labor, as compared to Israel due to its reliance 

on mechanized agriculture and efficient irrigation systems. Though Syria’s agricultural 

sector consumes 89 percent of its water demand, most agricultural activities occur 

outside the JRB and do not use water from the JRB. On the other hand, when 
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considering the economic return per cubic meter of irrigation water, Israel and the 

Palestinian Authority emerge as having more efficient agricultural sectors (Table ‎6.6). 

Such indicators can be integral to allocation arguments and potential regional 

cooperation towards adopting more efficient irrigation techniques. 

 

Table ‎6.6. Agricultural indicators across riparians of the Jordan River Basin 

Parameter Israel Jordan Lebanon 

Palestinian 

Authority Syria 

Riparians share (%) of Jordan River 

basin total irrigated area (1,556.5 km
2
)

a
 

18.9 47 1.2 8.6 24.3 

Total national water consumption for 

irrigation (MCM/year) 
b
 

1,042  

(2011) 

700  

(2010) 

810  

(2010) 

119.2  

(2011) 

15,400  

(2010) 

Agriculture contribution to total 

national employment (%) 
c
 

1.6 

(2012) 

2.0 

(2012) 

7.2 

(2007) 

11.9 

(2011) 

17.0 

(2008) 

Country GDP (M US$/year)
d
 173,200 

(2011) 

26,500 

(2010) 

40,100 

(2011) 

10,465 

(2011) 

73,670 

(2010) 

Agriculture contribution to GDP (%)
d
 2.3 

(2011) 

2.9 

(2010) 

4.0 

(2011) 

5.97 

(2011) 

16.3 

(2010) 

National economic return from 

irrigation water based on agriculture 

contribution to a country’s GDP (US 

$/m
3
 of irrigation water) 

3.80 1.10 2.0 5.24 0.78 

a SIDA, 2016. 
b ICBS, 2013; MWI, 2011; Lebanese Ministry of Energy and Water, 2010; PCBS, 2012; Mourad & Berndtsson, 

2012. 
c ICBS, 2013; Jordan Department of Statistics, 2012; Lebanon Central Administration for Statistics, 2008; PCBS, 

2012; CIA, 2012. 
d ICBS, 2012; Jordan Department of Statistics, 2014 and 2013; Lebanon Central Administration for Statistics, 2013; 

PCBS, 2016; SCBS, 2011. 

 

6.4 Water Development Projects within the Basin 

During the past 50 years and with the failure of negotiated plans, riparians 

proceeded unilaterally with water projects within their own boundaries. Israel gained 

control over much of the Jordan River from the British mandate and through successive 

wars with neighboring countries, and was thus able to implement a series of 

developments that modified the hydrologic regime of the basin including the drainage 

of the Hulah swamps and the construction of the National Water Carrier diverting 

file:///H:/AUB-PhD%20Courses/JRB%20Review%20Paper/JRB%20Data/Data%20Refs/Israel%20Stat%20Abstract%20(2012).pdf
file:///H:/AUB-PhD%20Courses/JRB%20Review%20Paper/JRB%20Data/Data%20Refs/Jordan%20Stat%20Yearbook%20(2012).pdf
file:///H:/AUB-PhD%20Courses/JRB%20Review%20Paper/JRB%20Data/Data%20Refs/LebanonInFigures%20(2008).pdf
file:///H:/AUB-PhD%20Courses/JRB%20Review%20Paper/JRB%20Data/Data%20Refs/PCBS-Employment%20(2000-2011).htm
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around 420-450 MCM/year to meet water demands in the center and southern areas of 

Israel including irrigation demand in the Negev Desert (Gunkel and Lange, 2012; Mimi 

and Sawalhi, 2003; Rowley, 1993; Al-Kloub and Abu-Taleb, 1998). Similarly, Syria 

built several dams along the Yarmouk River and Jordan increased its exploitation of 

groundwater. Such developments reflect the level of dependency on and exploitation of 

the basin that led to an unsustainable pattern of use. Note that surface water remains 

inaccessible for Palestinians due to Israeli self-proclaimed security zone and their use of 

groundwater resources is highly controlled by the Israelis. On the other hand, Lebanon 

uses less than 1 percent of the Upper Jordan Basin and attempts to increase its use of 

water is faced by Israeli objections and threats to revert to the use of power as happened 

in 2002 upon the installation of the Wazzani pumping station for domestic water supply. 

 

6.5 Water Allocation Plans and Agreements 

6.5.1 Historic Water Allocation Plans 

1.1 In the 1950s, several plans were proposed towards a formal agreement over the 

utilization of water resources in the Jordan River Basin including the Main Plan (1953), 

the Cotton Plan (1954), the Arab Plan (1954), and the Johnston Plan (1955). These 

plans were based on allocating regional water resources towards agricultural 

developments in particular. At the time, the production of crops was considered the 

primary user of water in the region (Phillips et al., 2007; Kliot, 1993). Evidently, this 

approach is not in line with today’s principles of water allocation that aim to achieve a 

better understanding of the value of water and the demands of water users while still 

taking social needs and constraints into consideration to the extent feasible. Today’s 

approaches are more flexible, allowing for a balance between water rights and benefit 
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sharing. For transboundary water resources, the allocation schemes favor regional 

cooperation and are usually addressed as part of an integrated water resources 

management (IWRM) plan for the entire shared river basin (UN Water, 2008). 

Moreover, all these plans were used to allocate the surface waters of the JRB without 

considering the quantities of groundwater within this basin, their potential 

interconnectedness with surface waters of the basin, and eventually their scheme of 

allocation. This could be because groundwater was not used much at that time or 

because complete information about groundwater resources within the basin were not 

available especially in relation to the potential interconnectedness between groundwater 

resources originating from Lebanon and constituting a major portion of the Liddan and 

Banias rivers base flows (AFIAL, 2014). 

Water distribution by plan show a large variability, with the Johnston Plan 

(also referred to as the Unified Plan) considered as a compromise among the various 

plans. While the Johnston Plan was never ratified, riparians have effectively complied 

with its allocations and made reference to it during peace talks between Israel and 

Jordan, as well as between Israel and the Palestinian Authority (Phillips et al., 2007; 

Medzini and Wolf, 2004; Libiszewski, 1997; Kliot, 1993). Table ‎6.7 compares the 

allocations of the Johnston Plan with that of the Arab Plan, which allocated to Israel 20 

percent of its estimated total of 1,429 MCM/year. Both plans also factored 150-200 

MCM/year to the West Bank through Jordan, which formed the basis for the 

Palestinian’s assertion to receive that share (Phillips et al., 2007; Shuval, 2000). None 

of these plans accounted for groundwater and its influence on water allocation schemes. 
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Table ‎6.7. Jordan River Basin water allocations: Johnston versus Arab Plan (source: Phillips et al., 2007) 

Country 

Johnston Plan Arab Plan 

(MCM/year) Source of Water (MCM/year) 

Israel 616 25 MCM/year from Yarmouk River and the 

remainder includes from upstream and the 

salvaged water from Hulah swamps that were not 

part of the natural river resources. 

289 

Jordan 720 377 MCM/year from Yarmouk River 975 

243 MCM/year from local wadis and wells 

100 MCM/year from Upper Jordan River 

(including 15 MCM/year of saline water) 

Lebanon 35 35 MCM/year from Hasbani River 35 

Palestinian  

Authority 

- The West Bank was considered to be part of 

Jordan 
a
. 

The Johnston Plan proposed a West Ghor Canal to 

provide the West Bank with about 120-150 MCM, 

but this never materialized (Abu Zahra 2001; 

Sabel 2009). 

- 

Syria 132 90 MCM/year from Yarmouk River 132 

20 MCM/year from Banias River 

22 MCM/year from Upper Jordan River 

Total 1,503 - 1,431 

Arab Countries 

Share 

59% - 80% 

Israel Share 41% - 20% 

a Since the Disengagement Decision of 1988 (i.e., the separation of the West Bank from Jordan), water rights between 

the East Bank (i.e., Jordan) and the West Bank (i.e., Palestinians) were negotiated separately during the peace talks 

based on the amounts set in the Arab Plan before the Johnston Plan (Haddadin 2002). 

 

6.5.2 Peace Agreements 

Several historic points are recorded when some riparian countries signed 

bilateral agreements on water allocation, most notably the agreements between Jordan 

and Syria (in 1953, 1987 and 2001), the Israeli-Palestinian Declaration of Principles in 

1993, and the Israeli-Jordanian bilateral agreement of 1994. While other roadmap peace 

agreements were signed between the Israelis and Palestinians in the period between 

1995 and 2007, none contained details on water allocation. Hence, the utilization of 

water resources and the control over land and water are still awaiting resolution as part 

of the Final Status negotiations between the Israelis and Palestinians (Attili, 2004). 
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Yet, it is important to highlight that in the Israeli-Palestinian Declaration of 

1993, the Israelis allocated water rights for the Palestinians without a clear indication of 

the extent to which and how much water should be under Palestinian control during the 

interim period. The agreement proposed that a joint committee for economic 

cooperation will “…..specify the mode of cooperation in the management of water 

resources in the West Bank and Gaza Strip, and will include proposals for studies and 

plans on water rights of each party, as well as on the equitable utilization of joint water 

resources for implementation in and beyond the interim period” (UN, 1993). The water 

rights were recognized again in Annex III of the Interim Agreement of 1995, Article 40 

on Water and Sewage that indicates that “Israel recognizes the Palestinian water rights 

in the West Bank. These will be negotiated in the permanent status negotiations and 

settled in the Permanent Status Agreement relating to the various water resources” 

(UN, 1997a). 

Note that indirect negotiations between Israeli and Syrian officials occurred in 

an on-off manner in the late 1990s and 2000s but no agreement was reached on the 

allocation of shared water resources. Lebanon did not carry bilateral negotiations or 

water agreements with Israel. Hence, to date no comprehensive agreement exists among 

riparians and the allocation of the basin’s water resources remains to be part of both 

negotiations and peace treaties. 

To date the existing forms of cooperation have not resolved the water conflict 

(Zeitoun and Mirumachi, 2008), which is portrayed through the unsettled Israeli-

Palestinian dispute over water rights that are still pending the final status negotiations 

and through the Wazzani dispute incidence which occurred between Israel and Lebanon 

in 2002. However, under dire adversity, a solution to the challenges of water scarcity 
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can be achieved independently of a solution to the wider problem of regional peace over 

the land as was the case of India and Pakistan, who, despite their political conflict, were 

able to successfully maintain an active cooperation over the Indus River Basin for over 

40 years (Zawahri, 2009). If such comprehensive agreements are reached, then they 

may also assist in the overall Middle East peace negotiations. Water diplomacy efforts 

are argued to induce compromise and cooperation efforts that may provide a push 

forward to the region’s peace negotiations. Still one may counter-argue that since water 

was not the cause of the conflict, it is unlikely to be an effective catalyst for peace. This 

is supported by the fact that to date water did not contribute to the advancement of 

peace or the enhancement of the Arab-Israeli relations even with the signing of several 

bilateral peace treaties (Dolatyar and Gray, 2000). 

 

6.6 A Positive Apportionment Framework 

A new scheme is proposed with emphasis on benefit sharing “beyond the river” 

to widen the basket of benefits and establish a win-win management and planning 

framework that can attract the JRB riparians where, as water scarcity intensifies and 

energy requirements grow, cooperation over shared water resources and renewable 

energy projects may become significant for averting future water and energy shortages 

(Meisen and Tatum, 2011). This incentive scheme is based on a water-energy nexus 

with emphasis on renewable energy. 
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6.6.1 Benefit-Sharing 

This study argues for a new cooperation framework, which will be referred to 

as the “Positive Apportionment Framework”, and develops it with attractive incentives 

to bring riparians to a common ground and create the vision of cooperation. This 

framework revolves around three main pillars: (1) a positive-sum arrangement in the 

water reallocation scheme (Phillips et al., 2007a); (2) economic incentives to increase 

the chance of cooperation of riparians especially those having to replace current water 

use; and (3) benefits to third parties who may sponsor the projects/programs under this 

cooperation. Such elements will create the benefits to be able to achieve the vision of 

cooperation and penetrate into the cycle of transboundary water management 

(Figure ‎6.5). 

 

 

Figure ‎6.5. Water conflict resolution towards transboundary water management 
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A positive-sum arrangement entails water reallocation based on replacement, 

whereby the party that would “give up” water from the JRB is compensated with greater 

water quantities from alternative source(s) (Phillips et al., 2007a). Such a plan naturally 

requires securing additional sources or developing “new water” mainly through 

seawater desalination. The Red Sea-Dead Sea Conveyance project is promising in this 

regards and can enhance the cooperation between Jordan, Israel, and the PA through the 

construction of a 180-km conveyor within the Jordanian territory to transport seawater 

from the Jordanian Gulf of Aqaba on the Red Sea to the southern end of the Dead Sea 

area for desalination thus taking advantage of the 400 meter elevation difference 

between the Red Sea and Dead Sea to generate the power that operates the desalination 

plant and at the same time help raise and stabilize the level of the Dead Sea. The project 

is expected to add 850 MCM of new water to the basin (World Bank, 2012a & 2012b). 

However, securing “new water” may not be an adequate strategy for cooperation in the 

case of the JRB, given that Israel, which uses the largest share of the JRB water, has 

already developed several desalination plants to secure “new water”. As such, additional 

economic incentives emerge as vital elements towards attracting riparians into 

cooperation, especially Israel. The allocation results in this study reveal that Israel is the 

main riparian that will stand to relinquish some of its current water use from the JRB, 

particularly by stopping the out-of-basin diversion of water from Lake Tiberias. Yet, 

just securing “new water” to Israel might not be an attractive proposition given its well-

developed national desalination program. As such, providing economic incentives to the 

reallocation of the JRB waters might better bring forth the cooperation of the Israelis. 

Those incentives could be attained through the proposed development of a regional 

solar energy grid (World Now, 2014; Desertec Foundation, 2014). Such a grid allows 
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for efficient energy use, lower electricity cost, and additional energy supply that can be 

transmitted through existing interconnections proposed between the electrical grids of 

Egypt, Iraq, Jordan, Lebanon, Libya, Palestine, Syria, and Turkey (Meisen and Tatum, 

2011). In addition, several larger plans have been contemplated to interconnect power 

grids throughout the Middle East, North Africa, and Europe (Meisen and Tatum, 2011; 

MED-EMIP, 2010). Under such a framework, Israel can benefit from connecting to 

these energy grids in return for cooperating in the JRB water reallocation schemes. 

These benefits can also be in the form of providing Israel with inexpensive energy to 

run its desalination program since energy is known to account for 55% of a desalination 

plant’s operation and maintenance costs (Wateruse Association, 2012). Providing Israel 

with low cost renewable energy to feed its coastal desalination program may act as an 

attractive economic incentive. Similarly, renewable energy is critical for Jordan that is 

embarking on the development of the Jordan Red Sea Project to desalinate the Red Sea 

water and eventually pump it to Amman. Pumping the water to Amman is energy 

intensive due to elevation difference between the desalination location along the Dead 

Sea shore at around 400 meters below sea level to Amman City at an altitude starting 

from 700 meters above sea level. 

The technical feasibility of renewable energy-based a framework is high given 

that 1) the Gulf Cooperation Council and North African states already possess 

interconnected grids able to support systematic intra-regional electricity trade with 

Europe, 2) North Africa is already part of a grid that is connected to Europe, and 3) the 

vision for developing interconnected electric power transmission grids among 

Mediterranean countries is taking shape (i.e. the Mediterranean Ring project and the 

Desertec Industrial Initiative). Yet for the plan to succeed, a political clout formed from 



152 

international players remains critical. Europe’s desire to increase its reliance on 

renewable energy sources may encourage its commitment to provide financial subsidies 

towards the creation of such a framework and hence may be considered as a potential 

stakeholder (MRC, 2011). In this context, the GCC and the European Union (EU), 

being the main energy supply and demand centers respectively, can constitute a third 

party with inherent interest in achieving political stability and security (Figure ‎6.6) 

needed to safeguard energy routes passing through the JRB. The GCC interest in being 

third parties would stem from their aim to maintain their global role as a center for 

energy supply. Given the risks associated with energy routes (such as temporary 

failures, sabotage, accidents, etc.), the EU would have high interest in an exhaustive 

network passing throughout the whole MENA region including the JRB riparian 

countries in order to allow mitigating potential disruptions (Mills, 2016). Other parties 

may include the United Nations (UN) organizations and international banks such as the 

World Bank, as well as other regional players including United States, Russia, China, 

and Iran. With the increasing global policy power for Russia and China and regional 

power for Iran, their involvement would be useful especially for enhancing the Syrian 

cooperation in this framework. Similar to the GCC, such regional powers need to 

maintain their role in energy routes. Moreover, Europe would benefit from involving 

Russia and Iran since Russia is currently the greatest supplier of fuel to Europe and Iran 

is being considered for becoming a major supplier of natural gas to Europe. As such, 

they have an integral role in the energy consumption of Europe and an embedded 

interest of being involved in any regional energy grids. 
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Figure ‎6.6. Positive apportionment framework towards constructive engagement 

 

6.6.2 Energy Rationale 

The rationale behind using renewable energy as an economic incentive can be 

justified by examining the worldwide energy demand, which in turn maybe reflected 

from the electricity generation and consumption
17

 indicators. According to Table ‎6.8, 

Europe and the MENA (Middle East and North Africa) regions account for ~22% of 

electricity generation and consumption and 25% of installed worldwide electricity 

capacity (i.e., they account for more than one-fifth of the world's energy generation and 

consumption). On the other hand, the EU is considered to be the world’s largest energy 

importer with a dependency on energy imports (oil and gas) reaching 53.2% of its gross 

inland energy consumption (Eurostat, 2015; EU, 2014), thus qualifying Europe as one 

of the potential third parties with high interest in renewable energy. The EU sources of 

                                                 
17 U.S. Energy Information Administration (EIA) and the Institute of International and European Affairs 

(IIEA) 
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energy production are mainly crude oil and petroleum products (28.8%) and natural gas 

(16.7%), nuclear energy (28.7%), renewables (24.3%), and other (1.5%) (Eurostat, 

2015). Energy trends and developments show that although fossil-based hydrocarbon 

products continue to dominate the energy mix, the renewable energy share is growing 

with an increasing trend for solar energy contribution reaching 9% of the renewable 

electricity generation (EU, 2014). 

 

Table ‎6.8. Energy demand for JRB riparian countries, MENA region, and Europe for year 2012  

(source: EIA, 2016) 

Country 

Electricity Generation Electricity Consumption Installed Capacity 

B kW-h* Percent B kW-h* Percent GWe** Percent 

JRB Riparian Countries 122 0.57 111.3 0.57 28.8 0.52 

Israel 59 0.274 53 0.270 14 0.252 

Jordan 16 0.074 14 0.070 3.4 0.061 

Lebanon 14 0.065 13 0.070 2.3 0.041 

Palestine 4 0.019 5.3 0.027 0.1 0.002 

Syria 29 0.135 26 0.13 9 0.162 

MENA 1,202 5.58 1,048 5.32 297 5.35 

Middle East 907 4.21 792 4.02 235 4.23 

Africa 681 3.16 600 3.04 143 2.58 

Europe 3,582 16.64 3,313 16.81 1,075 19.37 

Eurasia 1,479 6.87 1,305 6.62 364 6.55 

Asia and Oceania 8,762 40.69 8,108 41.14 2,192 39.50 

Central & South America 1,177 5.47 999 5.07 280 5.05 

North America 4,944 22.96 4,592 23.30 1,261 22.72 

World 21,532 100.00 19,710 100.00 5,550 100.00 

* B kW-h: Billion Kilowatt hours ** GWe: Gigawatt electrical 

 

The MENA region is considered to have the world's greatest potential for solar 

power generation whereas Europe’s renewable energy resources are considered to be 

fluctuating in nature (Trieb et al., 2012; El-Husseini et al., 2009; ADIREC, IRENA & 

REN21, 2013). As such, solar electricity imports from MENA can provide the 

renewable energy needed by Europe to achieve a sustainable electricity mix especially 

that the development of the underlying technology is making it increasingly a reliable 
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source with a continuous decline in the cost of solar power (El-Husseini et al., 2009). In 

fact, there is an increased interest in an EU-MENA electricity grid interconnection due 

to significant improvements in concentrating solar power (CSP) technology and in 

power transmission technologies (Trieb et al., 2012; Jablonski et al., 2012; El-Husseini 

et al., 2009). This interest is evident through the several initiatives aiming to enhance 

renewable energy developments across MENA and to bring them together under a 

regional grid that will extend and transport electricity to Europe (including Turkey) 

(ADIREC, IRENA and REN21, 2013; Trieb et al., 2012; El-Katiri, 2014). The GCC 

states as well as North Africa already possess interconnected grids capable of 

supporting systematic intra-regional electricity trade to Europe, with North Africa 

already part of a grid that is connected to Europe. The initiative to have an 

interconnection of electric power transmission grids among Mediterranean countries has 

been equally contemplated through the Mediterranean Ring (MedRing) project and the 

Desertec Industrial Initiative. 

The interest in MENA’s renewable energy is further reflected in the creation of 

the Mediterranean Solar Plant (MSP) sponsored by the EU with the aim to boost energy 

efficiency and develop renewable energy sources in the Euro-Mediterranean region, and 

in the mandate provided by the Euro-Mediterranean finance ministers to the European 

Investment Bank to propose a roadmap for the deployment of renewable energy 

technologies in the Mediterranean region (Jablonski et al., 2012; Trieb et al., 2012; El-

Katiri, 2014; ADIREC, IRENA and REN21, 2013). This interest is further reflected in 

the rise of several regional institutions promoting renewable energy
18

. Finally, Europe 

                                                 
18 International Renewable Energy Agency (IRENA), Masdar, Regional Centre for Renewable Energies 

and Energy Efficiency (RCREEE), Qatar Foundation and Qatar National Food Security Programme 

(QNFSP), King Abdullah City for Atomic and Renewable Energy (K.A.CARE), and Mediterranean 

Renewable Energy Center (MEDREC). 
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and MENA would gain from the collaboration over the development of renewable 

energy resources with benefits that include (Trieb et al., 2012; El-Husseini et al., 2009; 

ADIREC, IRENA and REN21, 2013): 

 

 Helping Europe and MENA meet their growing energy demands while 

assisting both in equally meeting the goal of reducing carbon emissions from 

the energy system and decrease pollution levels and associated 

environmental concerns. 

 Reinventing the energy sector, achieving economic diversification, and 

creating new skilled-labor job opportunities within MENA countries. 

 Creating an opportunity for MENA to develop into a leader in renewable 

energy especially with the controversy over nuclear energy in Europe. 

 Generating economic benefits to Europe from marketing EU technologies 

and transferring it into the MENA region. 

 Creating an opportunity of collaboration between EU and MENA towards 

political stability. 

 Raising standards of living in MENA region, which in turn will help in 

addressing poverty and eliminating sources of instability. Consequently, 

Europe will be indirectly able to eliminate / reduce migration from MENA to 

Europe. 
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6.6.2.1. Energy within the JRB 

This section discusses the sources of energy, and its demand and cost as well as 

the status of renewable energy within the JRB riparian countries with the objective of 

highlighting the importance of renewable energy on water resources and population 

welfare within the basin. Table ‎6.9 summarizes the percentage of reliance of each 

riparian country on energy import, and its per capita electricity, and the planned 

renewable energy share in their overall energy consumption. 
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Table ‎6.9. Selected energy indicators for JRB riparian countries 

Riparian 

Country 

Energy 

production 

Net imports  Percentage reliance 

on energy imports 

Cost of 

imported 

energy 

Electricity 

consumption 

Calculated 

electricity 

consumption 

within the JRB h 

Household 

electricity 

tariff 

Planned renewable 

energy share in 

energy consumption j 

Feed-in tariff (FIT) 

for solar energy 

Mtoe a Mtoe % of energy use Million 

USD/year 

KWh/capita Giga-Wh USD/ kWh Percent USD/ kWh 

Israel b 7.48 16.53 54.7 - 6,604 4,679 - 13% by 2025 0.13-0.3 k 

(depending on 

system size) 

Jordan b 0.26 8.37 96.9  5,668 d 2,517 12,463 0.046-0.235 i 10% by 2020 0.19 (CSP) l 

Lebanon b 0.16 7.61 97.9  1,000 e 3,565 368 0.023-0.132 i 12% by 2020 N/A 

PA 0.5 c 0.47 c 93.9  709 f 1,232 g - 0.128-0.190 i 25% by 2020 0.18-0.23 (PV) m 

0.18-0.19 (CSP) m 

West Bank 0.37 c 0.37 c 100.0  537 1,496 g 850 - - - 

Gaza 0.13 c 0.1 c 76.9  172   817 g - - - - 

Syria b 5.64 5.43 - - 823 1,040 0.003-0.036 i - FIT scheme is 

hindered by war. n 

a Mtoe: Million Tons of Oil Equivalent. 
b IEA, 2016a. 
c PCBS, 2015. For Palestine, energy production and net imports are as electricity only. For remaining riparian countries, energy production and imports are in terms of oil, coal, natural 

gas and electricity. The electricity production and net imports for Palestine have been converted from MWh to Mtoe (1 MWh = 0.086 toe). 
d ElSagheer, 2013. 
e Houri, 2005. 
f MAS, 2014. 
g Calculated by dividing reported electricity consumption by population number reported by PCBS for year 2015. 
h Calculated by multiplying the per capita electricity consumption by the within basin population reported for each riparian country (see Table ‎2.2). 
i RCREEE, 2013a. 
j REN21, 2016. 
k PUA, 2013. 
l EMRC, 2017. 
n RCREE, 2013b. 
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Among the JRB riparian countries, Israel has the highest per capita energy 

consumption at 6,604 kWh/capita/year resulting in a within basin energy demand of 

around 4,679 GWh/year. At present, Israel relies on imported energy sources to meet 

around 55% of its energy demand. As such, Israel’s strategy of having 13% of its 

energy produced from renewable resources by year 2025, would contribute towards 

reducing its reliance on imported energy as well as towards providing cleaner and more 

economical energy that can promote economic development. Moreover, Israel has 

explored the presence of gas fields along its shores which would further reduce its 

reliance on imported energy. 

In Jordan, the dependence on imported energy is even higher reaching around 

97% of its energy consumption representing 18% of the country’s GDP. This constitutes 

a challenge for the country given growing energy demands and its limited energy 

sources. Though its per capita consumption (2,517 kWh/capita/year) is lower than that 

of Israel, Jordan’s within basin demand reaches 12,463 GWh/year since the majority of 

its population are residing within the basin area. As such, Jordan has been rapidly 

expanding its renewable energy portfolio in recent years with a target of reaching 10% 

renewable energy of the energy mix by 2020. This is estimated to save the country 

around 2.8% of the country’s GDP in addition to the environmental impact of reducing 

CO2 emissions (Kiwan, 2016; World Bank, 2015). Moreover, Jordan is planning to 

build a nuclear power plant which will further contribute towards reducing its demand 

on imported energy. 

In Lebanon, though exploration revealed the presence of gas fields especially 

offshore along the north and west coast of the country, at present it relies on importing 

oil for energy production (Houri, 2005). Moreover, its per capita energy consumption 
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(3,565 kWh/year) is relatively higher than most of the remaining riparian countries 

reflecting serious inefficiencies and placing an big economic burden on an already 

indebt country. In 2004, Lebanon passed the Decision N° 13 which adopts reducing 

energy imports and developing local energy, including renewable energy resources 

(World Bank, 2009). Lebanon’s renewable energy target will be mainly from 

hydropower (40-60%) and wind (30-40%) (RCREEE, 2013c). Still adopted policies 

remain in a developing stage. 

For Palestinians, and as noted in Table ‎6.9, they pay a high price for electricity 

consumption in the first category of the block tariff system compared to the rest of the 

riparian countries. Also, Palestinians within the JRB are totally dependent on imported 

energy. The combination of high dependency on imported energy and high prices is a 

major limitation to their economy as well as to their water supply and demand 

management since water treatment and pumping require energy. Though there are 

policies to have 25% of the energy demand from renewable resources, the Palestinians 

lack of control over their lands acts as major obstacle in the development of renewable 

energy projects. 

Finally, Syria has the lowest electricity tariff among the JRB riparians (Table 

6.9) which can be attributed to self-sufficiency in terms of energy needs. Still, this does 

not mean that Syria is not be interested in renewable energy since energy demands are 

continuously growing and its per capita energy consumption is among the lowest for the 

JRB riparian at 1,040 kWh/year. Investing in renewable resources would make it easier 

and cheaper to meet its growth in energy demands. 
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Overall, Jordan, Lebanon and PA depend on importing their energy demand, 

while Syria produces all of its energy demand and Israel produces less than half of its 

demand. Also noted is the low energy per capita consumption for Syria, PA, and Jordan 

as compared to Israel. This is similar to the water supply situation, where per capita 

water consumption especially for Palestinians and Jordanians are much lower than those 

for Israelis. Therefore, those countries can benefit from renewable energy production to 

meet and enhance energy demands which in turn would allow cheaper water supply 

development since a major portion of the water cost is related to energy needed for 

treating and pumping water in this water scarce region. Also, water is needed to create 

energy such as Jordan’s need for cooling water for its proposed nuclear energy plant. 

This symbolizes the water-energy nexus where this enhanced relation would in turn 

allow for improved economic development for both the agricultural and industrial 

sectors. Moreover, solar energy is growing into a reliable source with continuous 

decline in cost due to developments in its underlying technology where the IEA 

indicates that renewables (wind and solar) and natural gas will be the main energy 

sources to meet the growing energy demand up to year 2040 (IEA, 2016b). However, 

development of renewable energy will require the advocacy from government policies. 
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6.6.3 SWOT Analysis 

It is imperative to understand the internal
19

 and external
20

 factors affecting the 

proposed framework which was accomplished by carrying out a SWOT (Strengths, 

Weaknesses, Opportunities, Threats) analysis, a strategic planning tool that involves 

systematic thinking and comprehensive diagnosis of factors relating to a new product, 

technology, management, or framework (Gorener et al., 2012; Banihabib et al., 2015; 

Azarnivand and Banihabib, 2013; Özdemir.Fadim & Baycan-Levent, 2010; Osuna and 

Aranda, 2007). 

The SWOT analysis (Table ‎6.10) showed that the framework’s major strength 

relates to having a basket of economic benefits generated by linking cooperation over 

water allocation with cooperation over regional renewable energy grids to pass through 

the JRB riparian countries (S1). Such benefit-based arrangements have shown resilience 

to political changes as in the case of the Lesotho Highlands Water Project on the Senqu 

River through which South Africa purchased water rights from Lesotho and the latter 

used the payments towards developing the project (Wolf and Newton, 2008). The 

economic benefits to be generated can enhance the bargaining power of the weaker 

riparians and assist in managing the existing political discord (S2). In addition, the 

involvement of third parties with a vested interest in the generated benefits may reduce 

the existing Arab-Israeli political tension that is affecting the JRB (S3 and S4). Finally, 

a multi-lateral agreement involving JRB riparians could present a greater opportunity of 

facilitating integrated water resources management (IWRM) for the basin and 

consequently provides a prospect for addressing major challenges within the JRB, 

                                                 
19 Strengths and weaknesses pertaining to the structure and the management of the framework 
20 Opportunities and threats pertaining to riparians and third party conditions and influences on the 

framework 
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including the deteriorating water quality, the declining Dead Sea level, and the lack of 

agreement over management of its shared water resources (S5). 

 

Table ‎6.10. SWOT analysis for the positive apportionment framework 

Strengths 
What are the internal factors that give the framework 

advantage over other options? 

Weaknesses 
What are the internal factors impeding the development of 

the proposed framework? 

- S1: Benefit sharing among riparians and third 

parties through investment in solar energy. 

- S2: Equal bargaining power amongst riparians 

by linking cooperation over water and 

energy. 

- S3: Third party support may facilitate 

mediation of political discords. 

- S4: Existing trend of third parties seeking to 

develop investments in solar energy. 

- S5: Enhancing integrated water resources 

management and facing environmental 

challenges (i.e. water quality and Dead 

Sea declining level). 

- W1: Power asymmetry, economic disparity, 

regulatory and institutional discrepancies 

among riparians coupled with deep-rooted 

socio-political conflicts. 

- W2: Riparians refusal to negotiate over the 

reallocation of the JRB water resources. 

- W3: Unilateral approaches in water resources 

management. 

- W4: Bilateral agreements jeopardizing a multi-

lateral approach. 

- W5: Regional security jeopardizing third party’s 

willingness to investment. 

Opportunities 
What are the external factors that could be taken 

advantage of to support the framework? 

Threats 
What are the external factors that represent potential 

constraints to the framework? 

- O1: Riparians seeking to enhance water 

supply. 

- O2: Safe and sustainable renewable energy for 

riparians and third parties to meet 

growing energy demands. 

- O3: Relying on solar energy instead of 

controversial development of nuclear 

energy. 

- O4: Reduction in Europe’s carbon emissions. 

- O5: Increased investment in solar energy 

towards more affordable technology. 

- T1: Low efficiency of solar technology and storage 

challenges. 

- T2: Relatively high cost of solar technology 

compared to conventional oil & gas energy. 

- T3: Natural gas recently discovered by some 

riparian may weaken interest in cooperation. 

- T4: Political unrest threatening the integration of 

regional grids within safe corridors. 

- T5: Threat that political decisions might not support 

adoption of the Positive Apportionment 

Framework due to potential vagueness of 

political rational. 

 

On the other hand, weaknesses that may act against the success of the 

framework and hinder the willingness to cooperate include the economic disparity 

among riparians, where Israel is considered to have established the strongest economy 

in the region while other riparians are still struggling in building their economies 

especially within the JRB areas. Similar developmental differences are encountered at 
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the regulatory and institutional structures that are integral to the development of a 

regional renewable solar energy grid (W1). Developmental imbalances among riparian 

countries are further complicated by the Arab-Israeli deep-rooted socio-political 

conflict. To date, Syria and Lebanon were not able to negotiate with Israel (W2) and the 

riparians are proceeding unilaterally with addressing their water concerns with Israel 

investing in a local desalination program along its coastal areas and Jordan working 

towards the Jordan Red Sea Project (W3). Furthermore, existing bilateral agreements 

(Jordan-Syria, Israel-Jordan, and Israel-PA) might weaken the resolve of riparians 

especially in the lower JRB to enter into a new comprehensive multi-lateral agreement 

(W4). Last, but not least, third party support, a cornerstone in the framework structure, 

is tied to willingness to invest in shared renewable energy projects (W5). In the event 

that third parties do not perceive significant economic return on investment, they will 

inevitably not provide the requested support. 

Still, a variety of external factors are available to influence the framework’s 

success including the fact that all riparians are seeking to enhance their water supply 

resources (O1) and that third parties, especially Europe, are seeking alternative sources 

to meet their growing energy demand with emphasis on renewable sources as a safe and 

sustainable clean energy that is gaining ground in Europe (O2). Moreover, the 

possibility to invest in renewables can concurrently assist Europe in achieving its target 

emissions reductions from energy systems (O4). Moreover, solar energy is growing into 

a reliable source with a continuous decline in cost due to developments in its underlying 

technology (O5). This is noted from countries reported targets to increase the share of 

renewable sources (solar and wind) in their final energy consumption where Israel plans 

to reach 13% by 2025, Jordan 10% by 2020, Lebanon 12% by 2020, and the PA 25% by 
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2020 (REN21, 2016). 

The threats of external risks are mostly at the technical and political levels. 

Technically, developments in renewable energy to date do not allow the complete 

substitution of conventional energy sources because the efficiency of solar technology 

in generating electricity is still relatively low (reportedly at ~22% for solar panels) with 

limitations on storage capacity and the need to have in other emergency fuel-based 

generators in case of shortfall in output (T1). Moreover, renewable energy prices (solar 

and wind) are considered to be higher than the conventional oil and gas energy (T2). 

Still, reports from year 2016 indicate that renewable energy prices are now almost the 

same as that of fuel and would continue to decline with technological advancements. 

Gas energy in particular remains a strong competitor in the energy market with the 

Levant riparians along the eastern Mediterranean region (Israel, Lebanon, and Syria) 

recently exploring natural gas potentials, which might weaken their interest in 

cooperation (T3). The other source of concern is the fact that the integration within a 

renewable solar energy grid requires peace and safe corridors of passage. The 

persistence of current political unrest in the region in general and in Syria / Iraq in 

particular, can sabotage regional electricity grids and related infrastructure investments 

posing an eminent risk (T4). Besides, the political situation in the region at present is 

considered to be chaotic with a threat of irrational political decisions (T5). 

However, a main limitation of SWOT is that the importance of each factor 

cannot be quantified to determine which factor has the greatest influence on the 

framework (Saaty, 1980; Gorener et al., 2012; Kangas et al., 2001). To overcome this 

limitation, SWOT have been coupled with the analytic hierarchy process (AHP), which 

is a Multi-criteria Decision Analysis (MCDA) method to evaluate and prioritize the 
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SWOT factors (Banihabib et al., 2015; Rachid and El-Fadel, 2013; Gorener et al., 2012; 

Kangas et al., 2001; Kurttila et al., 2000). 

 

6.6.4 AHP-SWOT Analysis 

Of the various MCDA methods, the AHP was used in ranking of the SWOT 

factors and groups because of its simplicityand ability to make qualitative attributes 

commensurable for prioritising or for relative importance ranking by transforming the 

subjective judgments into objective evaluation (Kajanus et al., 2012; Sipahi & Timor, 

2010; Kurttila et al., 2000). Moreover, the AHP has the capability to check the 

consistency of the results by calculating a consistency index of the results (Banihabib et 

al., 2015). 

Around 42 experts in related fields were contacted to carry a pair-wise 

comparison to the SWOT groups and to the factors within each group according to a 

pre-defined rating system based on Saaty’s (1980) rating system (Table ‎6.11). 27 of the 

experts responded and the consistency of their comparisons was checked by calculating 

the random consistency index (CI) and the consistency ratio (CR) as developed by 

(Saaty, 1980) and expressed in Equations 6.1 and 6.2. Responses exceeding the 

specified limits of the CR were excluded. For the consistent responses, the geometric 

averages of the weights derived for the SWOT groups and factors from each respondent 

were calculated. Then, the ranking of the SWOT factors for relative importance was 

carried by multiplying the factors local weights by the specific SWOT group weight 

(Kurttila et al., 2000; Gorener et al., 2012). 
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Table ‎6.11. Rating system
21

 for pairwise comparison of the SWOT factors and groups 

Importance Linguistic of the Scale 

1/7 i is strongly less important than j 

1/3 i is less important than j 

1 i is equally important as j 

3 i is more important than j 

7 i is strongly more important than j 

 

𝐶𝐼 =  
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
 (6.1) 

 

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
 (6.2) 

 

Where CI = Consistency Index. 

n = Size of the square matrix (i.e. number of SWOT factors/groups). 

max = Largest eigenvector of the matrix. 

CR = Consistency Ratio. CR ≤ 9% for n=4 and ≤ 10% for n=5 (Saaty, 1980). 

RI = Random Index. RI = 0.90 for n=4; and RI = 1.12 for n =5 (Saaty, 1980). 

 

Of the 27 responses, 22 had a valid SWOT groups comparison (i.e., CI < 9%), 

19 respondents had a valid comparison of the weaknesses factors (i.e., CI < 10%), and 

22 respondents had valid comparison of factors within the strengths, opportunities and 

threats groups (i.e., CI < 10%). Table ‎6.12 presents the results of the weights obtained 

for each SWOT group, the local weight for each factor within its group, the overall 

weight that each factor got by multiplying the factor local weight with its corresponding 

group weight, and the ranking for each factor. The group weights revealed that external 

threats and internal strengths are perceived as the most influential SWOT elements. 

Based on the AHP ranking results, the most critical factors threatening the failure of the 

                                                 
21

 Saaty’s (1980) rating that uses a scale from 1 to 9 with their reciprocals (i.e., 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 

1/8, and 1/9). However, a pilot testing of the full scale pair-wise comparison proved to be too tedious 

for respondents and a simpler scale allowed for a smoother pair-wise comparison using the terms of 

“equally”, “slightly less/more”, or “strongly less/more”. These terms corresponded to 1, 1/3, 3, 1/7, and 

7 on Saaty’s scale and were adopted for the comparison with the scales referring to terms “more/less” 

(scale 5) and “absolutely more/less” (scale 9) dropped along with the intermediary terms represented by 

scales 2, 4, 6 and 8. 
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framework are the current political unrest in the region (T4) followed by whether or not 

political decisions would support adoption of the framework (T5). Though the two 

highest ranking factors were threats, they were followed by opportunities and strengths 

that tend to enhance the success of the framework. The third influencing factor was that 

riparians are seeking to enhance their water supply (O1). According to the AHP, this is 

one of the strongest advantages of the framework that could be argued to enhance its 

success. Other advantages ranking as 4
th

 and 5
th

 include the framework’s ability to 

achieve IWRM within the JRB (S5) and the equal bargaining power it can create among 

the basin’s riparians (S2). The most significant weaknesses affecting the framework 

ranked 6
th

 and 7
th

 and were the fact that the countries have varying degrees of 

development even in terms of regulatory and institutional structures (W1) and that the 

riparians refuse to negotiate (W2), respectively. 

 

Table ‎6.12. Priorities of comparison of the framework’s SWOT groups and factors 

SWOT Group 

Group 

Weight Score Priority Factors 

Local Weight 

Score 

Overall 

Weight Score Ranking 

Strengths 

(S) 
0.211 2 

S1: Benefit sharing among riparians 

and third parties through investment 

in solar energy. 

0.1236 0.0260 12 

S2: Equal bargaining power amongst 

riparians by linking cooperation over 

water and energy. 

0.1950 0.0411 5 

S3: Third party support may facilitate 

mediation of political discords. 
0.1408 0.0297 11 

S4: Existing trend of third parties 

seeking to develop investments in 

solar energy. 

0.1085 0.0229 18 

S5: Enhancing integrated water 

resources management and facing 

environmental challenges (i.e. water 

quality, and Dead Sea declining 

level). 

0.2208 0.0465 4 
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SWOT Group 

Group 

Weight Score Priority Factors 

Local Weight 

Score 

Overall 

Weight Score Ranking 

Weaknesses 

(W) 
0.188 3 

W1: Power asymmetry, economic 

disparity, regulatory and institutional 

discrepancies among riparians 

coupled with deep-rooted socio-

political conflicts. 

0.1992 0.0374 6 

W2: Riparians refusal to negotiate 

over the reallocation of the JRB 

water resources. 

0.1827 0.0343 7 

W3: Unilateral approaches in water 

resources management. 
0.1319 0.0248 15 

W4: Bilateral agreements 

jeopardizing a multi-lateral approach. 
0.1137 0.0213 19 

W5: Regional security jeopardizing 

third party’s willingness to 

investment. 

0.1580 0.0297 10 

Opportunities 

(O) 
0.176 4 

O1: Riparians seeking to enhance 

water supply. 
0.2919 0.0513 3 

O2: Safe and sustainable renewable 

energy for riparians and third parties 

to meet growing energy demands. 

0.1786 0.0314 8 

O3: Relying on solar energy instead 

of controversial development of 

nuclear energy. 

0.1311 0.0230 17 

O4: Reduction in Europe’s carbon 

emissions. 
0.0985 0.0173 20 

O5: Increased investment in solar 

energy towards more affordable 

technology. 

0.1432 0.0252 14 

Threats 

(T) 
0.250 1 

T1: Low efficiency of solar 

technology and storage challenges. 
0.0982 0.0246 16 

T2: Relatively high cost of solar 

technology compared to conventional 

oil & gas energy. 

0.1214 0.0304 9 

T3: Natural gas recently discovered 

by some riparian may weaken 

interest in cooperation. 

0.1019 0.0255 13 

T4: Political unrest threatening the 

integration of regional grids within 

safe corridors. 

0.2463 0.0617 1 

T5: Threat that political decisions 

might not support adoption of the 

Positive Apportionment Framework 

due to potential vagueness of 

political rational. 

0.2367 0.0593 2 

 

Overall, the AHP-SWOT results reflect the significance of political influence 

over such a framework. This implies that third parties, especially Europe whose main 

interest stems from its need to diversify sources of energy, need to take an active role in 

overcoming those threats. Assuming the threat of political will and the power 
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imbalances are overcome, the success of the framework still requires addressing the 

regulatory and institutional capacity differences among riparians and guaranteeing the 

effectiveness of regulatory systems. 

 

6.7 Conclusion 

In closure, the Jordan River basin continues to be subject to acute water 

scarcity with conflicting concerns over water flow, diversion, and allocation. The 

overexploitation associated with unilateral implementation of water development 

projects is causing serious adverse socio-economic and environmental impacts. The 

prospects of population growth and anticipated climatic variations are likely to 

exacerbate water shortage raising the need for regional cooperation and joint 

management. Bilateral agreements proved ineffective, emphasizing the importance of a 

basin-wide solution. In the absence of binding international laws, and taking into 

consideration riparians perspectives, current constraints, coupled with the imminent 

increase in future water demands/shortages, opportunities for cooperation and adopting 

integrated regional water management plans are imperative on the basis of a 

comprehensive multi-lateral agreement between all riparians. 

Under dire adversity, a solution to the challenges of water scarcity in the JRB 

is argued to be achieved independently of the wider problem of regional peace over the 

land as was the case of India and Pakistan, who, despite their political conflict, were 

able to successfully maintain an active cooperation over the Indus River Basin for over 

40 years (Zawahri, 2009). Such a solution has been proposed under a benefit-sharing 

framework that links cooperation over water with cooperation initiatives over renewable 

solar energy. While creating such a water-energy nexus provides incentives for all 
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riparians and for third parties to collaborate towards attractive benefits, the AHP-SWOT 

analysis shows that there are challenging weaknesses and threats to consider including 

the power asymmetry and difference in economic development of riparian countries as 

well as the political unrest witnessed throughout the region coupled with threat of lack 

of political support. Still, there are strengths and opportunities to build upon, especially 

if third party support succeeded in smoothing out the major challenges. The factors 

supporting the framework’s success related to the riparians need to enhance their water 

supplies and the opportunity for equalizing the bargaining power for all riparians to 

facilitate reaching an integrated transboundary river basin management plan for the 

JRB.  
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CHAPTER 7 

RESEARCH LIMITATIONS 

 

As with any other research, this study has its limitations and this chapter 

recaptures the main ones. 

 

7.1 Groundwater Estimation 

As discussed under section ‎2.2.1, the approach adopted in estimating the 

groundwater safe yield within the JRB is associated with several limitations. First, the 

approach assumed that the groundwater aquifers within the JRB are disconnected while 

in reality interconnectedness may exist between aquifers. This assumption was 

undertaken because the approach cannot differentiate between water from direct 

recharge over an aquifer’s surface catchment area or from lateral flows through other 

aquifers within or outside the basin. The second limitation relates to the fact that part of 

the safe yield within an aquifer does not necessarily mimic the aquifer’s surface area. 

This also raises another limitation which is the accuracy of the delineated catchment 

areas of the groundwater basins. However, with available information, the adopted 

assumptions were necessary to allow having a preliminary and indicative estimate of the 

significance of groundwater safe yield within the basin. 

 

7.2 Water Allocation as per International Water Law 

The quantification of the international water law (IWL) factors for determining 

the riparian countries legal entitlements is also associated with some limitations mainly 

the absence of a unified basin database and the absence of a quantifiable factor relating 
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to the water quality dimension. However, in the absence of such agreed upon database, 

every effort was made to rely and account for different sources of data and information. 

As for the water quality dimension, though it was not addressed, the factor relating to 

prevention of harm has incorporated within it the requirement for protecting the quality 

of water flows and preventing harm to lower riparians. Moreover, the requirement for 

an integrated river basin management assumes water allocation of adequate quality. 

On the other hand, the quantification process did not account for the potential 

changes in natural water supply due to climate change impacts including expected lower 

precipitation. As such, the allocation schemes were discussed in terms of percentages 

rather than fixed quantities of water. 

Last, but not least, groundwater resources were accounted for in the allocation 

process. However, the IWL did not include criteria for estimating groundwater safe 

yields belonging to a basin. Also, the study did not carry a review of groundwater laws. 

As such, future efforts may benefit from further review of groundwater transboundary 

laws and identifications of further factors that could enhance integration of groundwater 

safe yields in a river basin water allocation process. 

 

7.3 Evaluation to Changes in Water Storage 

The GRACE observational data is known to be associated with sources of error 

and uncertainty in the approach at the level of the input data (i.e., GRACE observations, 

GLDAS data, and surface water volume variation estimates) as well as at the level of 

outputs from the segmented regression model. The errors in the input data have been 

accounted for through the error analysis. Still, it is prudent here to refer to some of the 

limitations of GRACE data such as its large spatial resolution where GRACE data 
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provides high accuracy monthly estimates of total change in water storage (accuracy of 

1.5 cm equivalent water height) only for areas greater than 160,000 km
2
 (Famiglietti 

and Rodell, 2013). However, many aquifers and basins of interests, such as the 

transboundary JRB within the Levant region, are at a scale of only few 100 or 1000 

km
2
, which is much smaller than GRACE spatial resolution (Alley and Knikow, 2015). 

Such low spatial resolution of GRACE limits its ability to provide groundwater 

depletion data at a scale appropriate for effective use by water managers; GRACE only 

succeeds in providing the “big picture” which is still useful for setting broad regional or 

national policies or for providing insight and assessment in areas where data is lacking 

or where no or minimal monitoring networks exist (Alley and Knikow, 2015). It is also 

considered useful for hydrological studies and for separating hydrological components. 

The key issue is to combine it with other data sources in order to maximize the benefit 

of GRACE data (Becker et al., 2010). 

Moreover, care should be taken in interpreting the GRACE observations and 

results as not all groundwater depletion arises from well pumping (Alley and Konikow, 

2015). In some aquifers, declines in water table may be the result of climate such as 

normal base flow recession after precipitation events or wet weather periods end or may 

be due to extended drought period (Alley and Konikow, 2015). This is why this study 

has accounted for seasonality in the trend analysis and looked at rainfall data for the 

study region from GLDAS. 

 

7.4 Assessment of Joint Water Development Initiatives 

On the assessment of water supply development initiatives for the JRB, the 

study found that the RSDSC is a favorite option despite the fact that efforts for 
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implementing it as a regional project have been abandoned. However, this does not arise 

from a limitation in the MCDA approach that provides outputs based on objectives and 

criteria chosen. In the evaluation approach, the objective was to emphasize cooperation 

and therefore the RSDSC emerged as the favorable option. The fact that it was 

abandoned as a regional project but may be implemented as a Jordanian initiative 

reflects that the project is of need and beneficial for alleviating water scarcity in the 

lower JRB. The challenge is with regional politics that have a higher influence on 

decisions than that reflected in the MCDA criteria. In the approach, the political will 

was accounted for as the number of riparians willing to support the project 

implementation. However, it seems that accounting for the individual political power of 

involved countries is also an important dimension in reflecting regional politics. 

 

7.5 Evaluation of Water Supply-Demand Balance 

The major limitations relating to the water supply-demand balance include the 

limited discussion on agricultural water saving measures (enhancing irrigation 

efficiencies and changing cropping patterns). The literature discusses more aspects of 

improving water consumption within the agricultural sector to achieve reduced demand, 

water saving, higher yields per unit of water, or higher income for farmers (Pereira et 

al., 2002). However achieving higher water productivity is a process that requires the 

consideration of complex biophysical and socioeconomic factors (Molden et al., 2010). 

So, in this research, the water balance focused on reduced water demand which includes 

the higher irrigation efficiencies, deficit irrigation, and lower water consuming crop 

patterns). The balance could still present a more beneficial evaluation of policy tools by 

exploring measures that cover the remaining objectives such as relying on virtual water, 
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distribution uniformity of on farm water demand, selecting high cash crops, etc. 

Second, the water balance did not account for climate change impacts on both 

available natural water supply and on water demand accompanied by temperature 

changes especially for human water consumption and crop water requirement. This 

requires dedicated studies to down scale the global climate change estimates to the scale 

of the JRB and evaluate potential impacts on water demand due to temperature changes. 

For demand, special emphasis is needed on potential changes in crop water 

requirements since the agricultural sector is the greatest consumer of water within the 

basin. For water supply, there is a need to consider the potential climate change impacts 

on the seasonality and spatial aspects of water allocations. 

Third the water balance did not account for environmental water flows needed 

for the JRB (i.e., the natural flows of water needed to be maintained flowing through the 

rivers to preserve environmental services and maintain the sustainability of ecological 

systems). Still, water passing through a river system is considered to be a multi-use 

resource. As water passes through the landscape and water systems, it is actually used 

many times to achieve a range of benefits including providing support to ecological 

systems. 

 

7.6 Positive Apportionment Framework 

Under the Positive Apportionment Framework, discussions were carried to 

relate cooperation over water to cooperation over renewable energy grids within the 

MENA region to Europe. Under these discussions details on energy grids, losses, 

transitions, and storage were not discussed. However, the aim was to rationalize the 

basis for the framework rather than presenting a technical breakdown of the grids. 
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On the framework’s AHP-SWOT analysis, the deduction carried to Saaty’s 

scale are from 1 to 9 and their reciprocals (i.e., 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, and 1/9). 

However, a pilot testing of the full scale pair-wise comparison proved to be too tedious 

to respondents and did not yield good comparison responses. Respondents needed 

smaller scale that allowed them a smoother pair-wise comparison. As such, they needed 

to say equally, slightly less/more, or strongly less/more. These terms corresponded to 

scales 1, 3 and 1/3, and 7 and 1/7 on Saaty’s scale. As such, the “more/less” (scale 5) 

and “absolutely more/less” (scale 9) were dropped along with the intermediary terms 

represented by scales 2, 4, 6 and 8.  
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CHAPTER 8 

CONCLUSION AND RECOMMENDATIONS 

 

8.1 Research Problem and Study Approach 

The Jordan River Basin (JRB) continues to be subject to increased and acute 

water scarcity with conflicting concerns over water flow, diversion, and allocation. The 

overexploitation associated with unilateral implementation of water development 

projects has caused serious adverse socio-economic and environmental impacts. The 

prospects of population growth and anticipated climatic variations are likely to 

exacerbate an already stressed situation raising the need for regional cooperation and 

joint management. Bilateral agreements proved ineffective, emphasizing the importance 

of a basin-wide solution. In the absence of binding international laws, and taking into 

consideration riparians perspectives, current constraints, coupled with the imminent 

increase in future water demands/shortages, opportunities for cooperation and adopting 

integrated regional water management plans are imperative on the basis of a 

comprehensive multi-lateral agreement between all riparians. 

In response to this deadlock over TWM of the JRB, the research work explored 

the potential for a win-win framework with energy-based incentives to catalyze 

comprehensive cooperation among all riparians over water within the JRB and lead to a 

basin level integrated water resources management plan was argued. The benefit sharing 

was preceded by analysis of potential distributions of water shares within the basin. 

This was accomplished by compiling information on available water resources and 

existing rates of water abstraction within the basin including estimation of within basin 

groundwater resources. The reasonable shares for riparians were then evaluated based 
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on the allocation factors of the UN Convention of 1997 (UN, 1997b). Remote sensing 

data from GARCE observational satellites were used to evaluate changes in water 

storage within riparian countries and land use change within the JRB, and various water 

supply development options proposed for the JRB were prioritized based on multi-

criteria decision analysis approach. Afterwards, Landsat images were classified to 

evaluate land use changes and identify extent of irrigated areas within the JRB between 

1990 and 2014. The results of irrigated areas within the JRB were synthesized with 

additional information from the literature to develop a water supply-demand balance at 

the level of the JRB for the period between 2010 and 2050. Finally, the research work 

ended with developing and arguing for the “Positive Apportionment Framework”. 

 

8.2 Main Findings 

Despite ample studies and project databases available on the JRB, the lack of a 

unified established database was an issue of concern particularly in relation to the 

groundwater safe yield contributed by each riparian as part of the JRB. As such, the 

study estimated the groundwater safe yield of the JRB based on the assumption that the 

contribution of each riparian is proportional to the aquifer surface area available within 

the catchment of the JRB without accounting for potential lateral flows to or from other 

aquifers. This resulted in a total safe yield estimate of 513.6 MCM/year compared to 

635 MCM/year recently estimated through the “FEM21-02” project database (SIDA, 

2016)
22

. Taking an average of both estimates (574 MCM/year), groundwater safe yield 

was found to constitute nearly 27% of total available water in the JRB. 

                                                 
22

 Differences in estimates were mainly related to the deficiency of groundwater information for the upper 

JRB particularly for Lebanese portion of the basin. 
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As part of aiming towards a comprehensive Transboundary Water 

Management (TWM) plan for the JRB, a clear understanding of rightful and reasonable 

water shares (legal entitlements) was needed. This research relied on the UN 

Convention of 1997 as a platform for developing an understanding of surface and 

ground water allocation schemes within the basin while accounting for surface water 

alone and then for both, surface and groundwater resources. Considerations to both 

groundwater and surface water abstractions showed to be a more realistic representation 

that mellowed down the extent of perceived inequities in the case of the JRB. 

Accounting for groundwater resources also had a major impact with respect to Israel’s 

share where it attenuated the influence of the utilization factor (F4) and reduced Israel’s 

share by 1.9 to 10.8% depending on the weight assigned to F4. It is thus important to 

carry more detailed studies on groundwater resources within the basin in order to 

identify relevant quantities as well as any potential existing interconnectedness among 

aquifers and lateral flows that may influence the distribution of reasonable water shares 

within the JRB. Still, the carried evaluation reasonable allocations of the JRB water 

resources corroborated the reported fact that current allocations patterns in the JRB are 

skewed. Simulated scenarios indicate that irrespective of the assigned weights, the 

existing allocation pattern of Israel (38.5% of surface and ground water resources or 

58.6% of the JRB surface waters only) cannot be attained while the shares of Lebanon 

and the Palestinian Authority in particular should be augmented. Using the international 

law factors, Israel’s share of the JRB surface and ground water resources may range 

between 10.3-25.6%, Jordan’s between 16.8-43.6%, Lebanon’s 5.6-14.2%, the 

Palestinian Authority’s 13.0-35.2%, and Syria’s 18.0-39.9%. Since climate change 

potential impacts on available natural water supply within the JRB were not considered, 
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indicating water shares in terms of percentages is considered a better representation that 

would accommodate potential changes in water quantities. 

Given the reported environmental and water stresses in the JRB and the 

significance of groundwater for the majority of the JRB riparians, the study used 

GRACE satellite observations to estimate the variations in groundwater storage from 

January 2003 to December 2014 within the riparian countries of the JRB. The 

suggestion that the major drought of 2007 resulted in an abrupt change to the water 

storage in the region was tested. The results of the trend analysis on the GRACE 

derived transboundary water storage (TWS) anomalies did not support the presence of a 

segmented relationship. A constant change in water levels over time proved to be better 

supported by the data where the results revealed a declining groundwater trend of 3.08  

0.15 km
3
/year that is 1.15 times the combined amount of annual irrigation water 

consumed by Israel, Jordan, Lebanon and the Palestinian Authority. Such declines are 

attributed largely to increased anthropogenic abstractions. While riparian countries are 

embarking on expanding their sources of water by investing in non-conventional water 

projects, particularly desalination, the existing and proposed projects will supply only 

36% of the estimated potential annual drop in groundwater. This highlights the 

significance of demand management measures, especially in the agricultural sector, 

which is the major water consumer in the Levant. The countries are bound to consider 

water demand management and collaborate on issues related to shared water basins and 

the development of regional water supply projects. 

As part of addressing this increasing water stress within the JRB and its lower 

riparian countries, several regional water development alternatives were explored to 

supplement water supplies. While the implementation of such alternatives is anticipated 
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to serve mutual long-term interests and encourages regional collaboration, it is unlikely 

that all will be implemented. The most promising of these alternatives were identified 

using an MCDA approach and relying on social, environmental, and political 

considerations, as well as water quantity and quality. The RSDSC emerged as a 

favorable and comprehensive option in this context towards cooperation over water 

resources particularly in the lower JRB and at the same time saving the Dead Sea. 

To address the impact of water demand management measures and evaluate the 

JRB water demand and supply gap, scenario analysis were used to evaluate the JRB 

water balance. But first, and as agriculture is the major consumer of water within the 

JRB, agricultural areas including irrigated lands were classified using Landsat images. 

Towards this aim, the LU/LC classification revealed that areas of surface water bodies 

and forests are not witnessing significant changes within the basin and constitute a mere 

1% and 5%, respectively, of the basin’s area. Built-up areas have been increasing at a 

rate of 1% every 10 years. Rangelands are declining at a rate of 3% per year while 

barren areas are expanding at 0.8% per year mainly within the Jordanian, Palestinian 

and Syrian parts of the basin signaling the challenge of desertification in arid to semi-

arid regions. As for agricultural areas, they have been expanding to reach 10.5% of the 

JRB area by 2014 compared to 4.9% in 1990. The setback observed between 2009 and 

2014 is attributed to the Syrian civil war as well as the misclassification of agricultural 

greenhouses as built-up areas. The sub-classification of agricultural areas revealed that 

irrigated areas have been declining within Israel while increasing in Jordan and the 

Palestinian Authority. Despite increasing trend for Lebanon and Syria between 1990 

and 2009, the decline in their irrigated areas between 2009 and 2014 is attributed to the 

Syrian civil war. Currently, during the month of August, the JRB has 10.5% of its area 
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as agricultural lands of which 30% are irrigated, 37.7% as fallow area, 17.3% as 

rangelands, and 24.9% as barren lands. 

The consequent water supply-demand balance simulated 4 groups of scenarios 

that allowed comparing the impact of different water supply and demand management 

measures for within the basin water demand sectors. Under the extreme scenario of 

persistence of existing conditions with 25% expansion in irrigated areas (scenario 4), 

the results indicated a maximum deficit of 298 MCM/year by 2050 without considering 

climate change impacts on water supply and demand. According to the water balance, 

water shortages are already experienced in Jordan and Israel. However, Israel 

compensate for this shortage from unused flows of the Hasbani/Wazzani River and 

from the Palestinians inaccessibility to the Jordan River and the Golan Heights that are 

under Israeli control. For Syria, if any expansion occurs within its irrigated agricultural 

activities, water deficit within its JRB territories will onset by 2020. Again, these results 

emphasize that the available natural water supplies within the JRB will never be 

sustainable and developing alternative sources and adopting water demand management 

measures are significantly needed. Moreover, it shows that current water deficits within 

the basin are also strongly related to the current patterns of water allocation among the 

riparian countries and Israel’s transfer of water for out of basin use through the National 

Water Carrier. 

Under the identified conditions of adversity, attempts are made to address the 

water problem in the JRB independently of the wider regional peace over land conflict. 

Under this perspective, the new scheme of Positive Apportionment Framework offers 

the opportunity by relying on benefit-sharing to link cooperation over water with 

cooperation initiatives over renewable solar energy. While creating such a water-energy 
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nexus provides incentives for all riparians and for third parties to collaborate towards 

attractive benefits, the SWOT analysis shows that there are provoking weaknesses and 

threats to consider including the power asymmetry and differences in economic as well 

as institutional development of riparian countries. Equally constraining is the political 

unrest witnessed throughout the region coupled with unpredictability of political 

decisions. To take this framework further, the AHP-SWOT analysis was applied. The 

most critical factors related to external threats stemming from regional politics and 

current instability. These were followed by the weakness inherent to the framework 

itself which revolves around ability of the framework to operate under the existing 

economic disparity as well as the regulatory and institutional discrepancies available 

among the riparian states. This implies that the potential third parties, especially Europe 

whose main interest stems from its need to diversify its sources of energy, would need 

to tackle political threats. Succeeding in overcoming them would be a significant 

contribution towards resolution of the JRB conflict. Then, assuming the threat of 

political will and the power imbalance are overcome, the most significant concerns 

would relate to regulatory and institutional discrepancies among the riparians. To 

guarantee the success of the framework, a signed agreement over the framework need to 

be binding with a regulatory system available in each of the involved countries to 

enforce the agreement. Only under the rule of law will the framework be protected from 

political threats. 
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8.3 Conclusion and Recommendations 

Based on the research work and outcomes, it is concluded that: 

 

 Addressing the JRB water scarcity and environmental stresses requires an 

adjustment to the current patterns of water use with involvement of all the 

basin riparians for constructing effective cooperation over transboundary 

water management with within-basin demands given precedence over out-of-

basin water transfers. 

 Since the UN Convention on the Law of the Non-Navigational Uses of 

International Water Courses applies to groundwater systems that connect 

hydrologically to a system of surface waters situated in different countries, 

the JRB groundwater are theoretically subject to the UN Convention criteria 

for water allocation and should be considered together with the JRB surface 

water in allocation agreements. 

 Considerations to both groundwater and surface water abstractions provide a 

more realistic basis that can mallow down the extent of perceived inequities 

in the case of the JRB. Still, the results indicate that current allocations 

patterns in the JRB are skewed with Israel exceeding its reasonable share 

from surface and ground water resources by 135%. 

 The observed regional declining trend in groundwater resources within the 

Levant region emphasizes the significance of groundwater within the JRB. 

Preliminary estimates indicate that groundwater constitutes 27% of the JRB 

water resources. 
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 Though there is a strong need for water demand management measures 

within the JRB, the need to develop water supply projects is also imperative 

for the JRB. The Red Sea – Dead Sea Canal ranked the first for enhancing 

water supply within the JRB. 

- The agricultural sector is the greatest consumer of water in the region and is 

significant to society in terms of food security and employment but less so in 

terms of GDP contribution. There is still potential for the existing 1,383 km
2
 

of irrigated agricultural lands to expand into 7,929 km
2
 of fallow areas, the 

majority (81%) of which are within Jordanian and Syrian territories. 

 The problems of water shortages for the within basin water demands is 

related to current patterns of water allocation and the transfer of water for 

our of basin use especially by the Israeli National Water Carrier. 

 Agreements that lead to zero-sum games are non-effective with a need for 

measures that lead to attractive win-win or positive-sum arrangements. 

Therefore, “New Water” from water supply development projects such as 

desalination of seawater should be an integral part of any solution since 

available water supplies are not enough to meet the current and future water 

demands especially of the lower JRB riparian countries. 

 Desalination, as an alternative water source, is an expensive option for 

parties such as Jordan and Palestinian Authority due to the small costal 

access or high energy demand for pumping desalinated water to the centers 

of demand. 

 Potential conflict resolution efforts need to incorporate innovative measures 

on technical and policy levels with a major contribution role played by third 
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parties and/or international institutions as moderators of the cooperation 

process. Therefore, linkages between cooperation over regional energy and 

transboundary water management within a framework of benefit-sharing 

present a good opportunity for comprehensive cooperation with third party 

involvement. 

 Even if regional political stability is restored, the complete cooperation 

between concerned countries will not be attained as long as there are 

imbalances in the power scale and the bargaining strength. Third parties, like 

Europe, would be interested in averting the threat of political decisions and 

in overcoming the weaknesses stemming from power imbalances and 

development asymmetries. Succeeding in addressing those threats would be 

a significant contribution towards resolution of the JRB conflict. 

 Though the threats and weaknesses ranked as more influential on the 

framework, they are political in nature and may be managed especially with 

the proposed third party involvement. On the other hand, the framework’s 

strengths are considered a major driver that can achieve success 

 The success of the “Positive apportionment Framework” requires any signed 

agreement over the framework to be binding with a regulatory system 

available in each of the involved countries to enforce the agreement. Only 

under the rule of law will the framework be protected from political threats. 
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Moreover, the following recommendations are offered for further research: 

 

 Conduct studies addressing available groundwater resources within the basin 

especially the upper JRB are needed. At present, there is no clear 

understanding and estimation of groundwater resources within the JRB and 

groundwater resources have not been accounted for as part of previous water 

allocation efforts. It is believed that groundwater resources are a significant 

source of water within the JRB and studies need to account for it. The studies 

should delineate the aquifers that are part of the JRB and evaluate their 

sources of recharge and available safe yields. They should also identify 

interconnectedness among aquifers, if any, and quantify potential lateral 

flows between them as well as interconnectedness with surface water within 

the basin to estimate the relative contribution of each within the JRB. 

 Establish an agreed upon water resources database for the JRB. A fully 

developed and coherent database for the entire JRB needs to be shared. The 

data sharing could be achieved through a permanent official body for 

regional water management. It is also critical that the data be officially 

approved to obtain agreement of involved parties over disseminated results. 

 Address the issue of water rights for Palestinian refugees out of Palestinian 

territories whose right of return remains pending the final settlement talks 

between Israelis and Palestinians. 

 Investigate the existing conditions of virtual water within the JRB and its 

potential influence on the basin’s water supply-demand balance. 

 Carry downscaling of global climate change estimates to the scale of the JRB 
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and related studies on influence of climate change on water supply and 

demand within the basin. For demand, special emphasis is needed on 

potential changes in crop water requirements since the agricultural sector is 

the greatest consumer of water within the basin. For water supply, there is a 

need to consider the potential climate change impacts on the seasonality and 

spatial aspects of water allocations. 

 Revisit the Analytic Hierarchy Process (AHP) ranking the SWOT analysis 

factors influencing the positive apportionment with respect to potentials for 

overcoming the highest ranking threats and on means to capitalize on the 

factors that could strengthen the framework’s success. 
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ANNEX 1: MAJOR JRB WATER REALLOCATION AND 

CONFLICT RESOLUTION EFFORTS 

 

Over the past century, many attempts were made at addressing the JRB conflict 

mainly through water allocation plans and models. Between 1939 and 1956, several 

management plans were proposed of which the Johnston Plan was the latest and most 

recognized. Between 1987 and 1995, few bilateral agreements were signed mostly as 

part of peace treaties, but no comprehensive agreement for settling the equitable 

allocation of the JRB water among all riparians was ever reached. 

Since 1994, scientific studies began to be released on the reallocation of the 

JRB. There were studies allocating the basin’s water according to principles of 

international water law and using multi-criteria decision analysis (MCDA). Also, 

engineering based models were developed for optimizing the basin’s water allocation. 

However, many of those were rather indicative with no definite results provided 

regarding the potential allocation and implementation frameworks or they were limited 

to the lower JRB riparians. In recent years, and as water scarcity concerns intensified 

within the JRB riparian countries, greater efforts were exerted towards managing the 

conflict through developing comprehensive models that would reallocate the basin’s 

waters based on needs and economic criteria. Figure A1.1 summarizes these efforts that 

include the Water Allocation System (WAS) and Multi-Year WAS (MYWAS) models, 

the Global Change and the Hydrological Cycle (GLOWA) Jordan River project, and the 

Positive-Sum approach as outlined below. 
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1939-1956 

Water Allocation Management Plans 

(Main, Cotton, Arab, Unified or Johnston) 

 

1987-1995 

Israeli, Jordanian, and Palestinian Bilateral Peace Treaties 

Multilateral Working Group on Water Resource, and 

Regional Water Data Banks Project of 1995 

 

1994 - Present 

Studies using principles of international water law and 

mathematical models for water allocation 

 

Late 1990s - Present 

Water Allocation System (WAS) and Multi Year Water 

Allocation System (MYWAS) Models of Middle East 

Water Project 

 

2001-Present 

GLOWA Jordan River - WEAP Model 

 

2006 - 2007 

SMART project for lower JRB and the Positive-Sum 

Approach 

 

2012-2016 

Towards concerted sharing:  

Development of a regional water economy model in the 

JRB 

Figure A1.1. Summary of major initiatives for managing the Jordan River Basin waters 

 

A.1.1 Regional Water Data Banks Project of 1995 

This project was designed for the “enhancement of water data availability” as 

part of the agenda of the multilateral working group on water resources for the peace 

treaties signed between Israelis and Palestinians and Israelis and Jordanians during the 

period of 1992 and 1994. The project was launched in January 1995 and an Executive 

Action Team (EXACT) committee was established to manage the implementation of the 

project and its various activities. The project aimed at improving 1) the quality of water 
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resources data by adopting standardized data collection and storage techniques, and 2) 

communication among the scientific community in the region. As such the activities 

revolved around documenting water resources, developing data collection networks, 

standards and procedures, as well as providing training on hydrological data collection, 

storage and communication (EXACT, 2002). A limitation of this project is that its scope 

was restricted to the lower JRB riparians (Israelis, Jordanians, and Palestinians). 

 

A1.2 JRB Water Allocation Studies 

Several studies attempted to provide a starting point for the reallocation of JRB 

waters among riparian countries. They used different approaches including the Multiple 

Criteria Decision Analysis (MCDA) with criteria derived from the 1997 United Nations 

(UN) Convention on the Law of the Non-Navigational Uses of International Water 

Courses (Levner, 2006; Mimi and Swalhi, 2003; Sawalhi et al., 2001), optimization to 

maximize economic benefits from water use (Assaf, 2007; Al-Kloub and Abu-Taleb, 

1998), game theories (Atwi and Choliz, 2011), and market incentive mechanisms to 

facilitate voluntary water trading among countries (Zeitouni et al., 1994) with different 

reallocations (Table A1.1). 

 

Table A1.1. Existing and proposed allocations of Jordan River Basin surface waters 

Country 
Existing Allocation  

(%) 

Proposed Allocation  

(%) 
References 

Israel 40 - 60 17-50 

Levner, 2006 

Mimi and Sawalhi, 2003 

Sawalhi et al., 2001 

Jordan ~22 20-22 

Lebanon <1 4-11 

Palestinian Authority 0 14-20 

Syria 15-19 10-35 
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As mentioned earlier, those studies were generally qualitative or indicative of 

new approaches rather than conclusive and they emphasized surface water allocation 

often with no consideration to groundwater exploitations. As mentioned above, these 

water conflict resolution efforts focused on the application of MCDA, game theory, 

system dynamics and other techniques that quantify players’ (stakeholders’) preferences 

and maximize them to achieve consensus. The objectives were mainly to illustrate the 

use of mathematical models in determining preferred allocations or to develop a starting 

point for negotiations. Moreover, some of them (e.g., Zeitouni et al. 1994) were limited 

to the lower JRB riparians (Israel, West Bank and Gaza) as an illustrative case study. 

 

A1.3 WAS and MYWAS Models for Water Allocation 

The WAS (Water Allocation System) and MYWAS (Multi Year Water 

Allocation System) are models that address water usage based on economic value. 

Those models analyze water in terms of both quantity and value without addressing 

water ownership. The rationale is that water, as a scarce resource, has value and the 

upper bound on the value of water under dispute should be set by the cost of seawater 

desalination. This provides a way of measuring the value of water under dispute and 

consequently to arrive at a suitable system of voluntary trade in water permits. Reaching 

an agreement with voluntary trade in water permits is perceived to be a more flexible 

approach to an agreement involving a fixed water quantity (Fisher and Huber-Lee, 

2011a; Fisher, 2000). Overall, the strength of those models is that the concept of trading 

with water usage permits, provides water agreements the needed flexibility to adjust 

water allocations to the benefit of all parties (Fisher, 2000). All parties would gain from 

the trade. As water rights may not be settled yet, the money from water trade can be 
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deposited into an “Interim Escrow Fund” until water ownership is resolved or agreed 

upon (Fisher and Huber-Lee, 2011b). One of the main points that could be raised 

against such an allocation approach is that the need for water is part of national food 

security and cannot be traded for the higher economic return. 

 

A1.4 GLOWA Jordan River Project 

The Global Change and the Hydrological Cycle- Jordan River (GLOWA JR) 

project was initiated in 2001 to assess the impact of climate and global change on the 

water scarce JRB and evaluates climate change adaption policies. It involved teams of 

researchers from Germany, Israel, Jordan and the Palestinian Authority working on 

(GLOWA, 2013): 

 

 Regional climate change projections and their impacts on hydrological, 

ecological and agricultural systems. 

 JRB water balance and its interactions with land management. 

 Potential new water supply sources. 

 Analyses of climate adaptation strategies. 

 Use of the WEAP (Water Evaluation and Planning System) as a planning 

tool for the visualization of the effects of different climate change scenarios 

and corresponding adaptation strategies. 

 

Up to 2011, the WEAP quantitative modeling tool is the first to integrate 

spatially explicit and basin-wide (transboundary) assessments of land and water 

management options under global change. This WEAP tool allowed for testing various 
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unilateral and multilateral adaptation options under climate and socio-economic change 

and policies. Its results emphasize the importance of climate and socio-economic 

changes as key drivers of future water scarcity in the basin (Hoff et al., 2011). However, 

data used excluded Lebanon and Syria (Hoff et al., 2011). Moreover, to date, no 

detailed potential water reallocation schemes and frameworks for conflict resolution 

have been made available as part of this project. 

 

A1.5 SMART Project 

The SMART project is a multilateral, interdisciplinary research project 

targeting the study area of the Lower Jordan Valley shared between Israelis, Jordanians, 

and Palestinians (KIT, 2012). SMART stands for “Sustainable Management of 

Available Water Resources with Innovative Technologies” and was initiated in 2006 

under the sponsorship of BMBF (German Federal Ministry of Education and Research - 

Bundesministerium für Bildung und Forschung) with partners from universities, 

research establishments, and decision-relevant institutions in such as water ministries 

and water suppliers, as well as companies and external experts from Germany and the 

lower JRB riparians (KIT, 2012). The project’s ultimate objective is to develop the 

Lower Jordan River available water resources (i.e. groundwater and surface water as 

well as processed wastewater, salt water, brackish water, and flood water) to increase 

the amount of water supply within a framework of an integrated water resources 

management (IWRM) (KIT, 2012). Phases I and II of the SMART project were 

completed (Wolf and Hoetzl, 2011; King et al., 2015) and SMART-MOVE 

(Management Of Highly Variable Water REsources in semi-arid Regions) has started in 

June 2015 (http://www.iwrm-smart-move.de). 

https://www.bmbf.de/en/
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Though this research project emphasizes IWRM and enhancement of 

sustainable water supplies with involvement of multilateral parties, its main limitation 

with respect to transboundary water management and conflict resolution is that it does 

not encompass the whole of the JRB or all JRB riparians. 

 

A1.6 Positive-Sum Outcome Model 

This study by Phillips et al. (2007a) recommended a conflict resolution 

strategy by adopting a “Positive-Sum” approach. The underlying concept is that any 

reallocation of the available fresh water resources implies that “the volumes of water 

gained by one party are lost in equal amount by one or more of the other riparian 

countries”. This situation is referred to as the “Zero-Sum” dilemma and argued to be an 

obstacle towards reaching a sustainable agreement over water reallocation. To 

overcome such a problem, the co-riparians who have to give up water supplies are 

provided a transition period to develop “New Water” that would replace quantities 

ceded. Such an approach would allow the attainment of a “Positive-Sum” outcome and 

support the resolution of water-related issues. 

Accordingly, new efforts to reallocate the JRB waters need to be coupled with 

strategic/regional water development projects (Phillips et al., 2007a). Those regional 

water development initiatives, such as the re-use of wastewater, desalination of brackish 

or sea water, and import of fresh water, would have access to funding from donor 

countries and international institutions. Similar to other reallocation studies (e.g., 

Sawalhi et al., 2001; El Musa, 1998), Phillips et al. (2007a) emphasized the need to 

involve an international third party as an independent arbitrator. Though a positive-sum 

outcome strategy appears to be attractive, the approach lacked an analysis of incentives 
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to encourage all parties to cooperate over such a plan. This is a major aspect to consider 

especially that Israel, which is the strongest party dominating the JRB waters, has 

already launched its own national coastal desalination program with little remaining 

incentive for additional water through a positive-sum approach. 

 

A1.7 Development of JRB Regional Water Economy Model 

“Towards concerted sharing: Development of a regional water economy model 

in the JRB” is a project sponsored by the Swedish International Development 

Cooperation Agency (SIDA) and carried by the consortium of the Centre for World 

Food Studies of the Vrije Universiteit (SOW-VU) from Amsterdam, American 

University of Beirut from Lebanon, Al-Quds university from the Palestinian areas, the 

Jordan University of Science and Technology from Jordan, the Arab Center for the 

Study of Arid Zones and Dry Lands as regional partner. It extended from December 

2012 till August 2016. The project goal was to develop a regional water model that 

relates the scarce water resources to the economy in the JRB while accounting for social 

welfare and water quality in order to support decision makers in the evaluation of their 

policies. As part of the regional water model, a database of biophysical and socio-

economic factors related to water resources management was compiled from different 

sources with data down scaled to the level of the JRB districts. The model differentiated 

surface and ground water resources and uses the administrative districts as units of 

analysis. Finally, the model was formulated in GAMS (General Algebraic Modeling 

System) program with an interface linking it to the GRCP (Gridding Regression 

Classification and Polling) program for data harmonization, integration, and processing. 
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The development of this regional water model presents a good opportunity for 

understanding the interconnectedness of water resources and the implications of water 

use by each riparian on the remaining riparian parties as well as the implications of 

water quality at the administrative level of the JRB. However, though the model targets 

distribution of water resources based on magical value of water while accounting for 

social welfare, it does not address the problems of lack of cooperation and absence of an 

understanding for reasonable distribution of shares. 
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ANNEX 2: JORDAN RIVER BASIN WATER ALLOCATION 

ACCORDING TO MAJOR PLANS OF THE 1950S 

 
 Commissioned by the UNRWA (United Nations 

Relief and Works Agency) and developed by the 

company Chas. T. Main under the direction of 

Tennessee Valley Authority (TVA) in the US. 

 Main components: A series of dams in the upper 

and middle reaches of the tributaries of the River 

Jordan with a system of networks to irrigate land 

areas throughout the basin. 

 Major features: It accounted for irrigation 

requirements within the Jordan River basin and 

disregarded political boundaries between the co-

riparians (at that time only included Israel, Jordan, 

Lebanon, and Syria). 

 Basin estimated water resources:  

1,213 MCM/year 

 
 Produced on behalf of the Israeli Authorities. 

 Main components: Irrigation plans and sites for 

generating hydroelectric power. 

 Major features: Allocated some 810 MCM/year of 

the Jordan River water for out-of-basin uses 

without specifying applications, which implies that 

this plan anticipated the construction of the 

National Water Carrier by Israel. It also increased 

the total available water resources in the Jordan 

River basin to 1,895 MCM/ year by including 400 

MCM/year from the Litani River of Lebanon.  

* Lebanon’s allotted share of around 19% is the 

451 MCM/year from the Litani River. No share was 

allocated to Lebanon from the JRB. 

 Basin estimated water resources:  

1,496 MCM/year 

 
 Proposed and developed by the Arab League 

Technical Committee. 

 Main components: Utilization of the Yarmouk and 

Jordan Rivers and headwaters or tributaries north of 

Lake Tiberias for irrigation and hydroelectric 

schemes, utilization of the waters of the Jordan 

River to the south of Lake Tiberias mainly for 

irrigation, and optimization of the use of water 

derived from wadis and wells. 

 Major features: The water allocations were based 

on estimates of irrigable land areas. Political 

boundaries were recognized as a prime constraint to 

any development initiative, and the water resources 

were strictly for within basin use. 

 Basin estimated water resources:  

1,431 MCM/year 

 
 Negotiated and developed by the US. 

 Main components: The allocated Jordan River 

Basin waters are for within basin use except for 

“residual flows” allocated to Israel that allow for 

out of basin use, utilization of Lake Tiberias as a 

storage reservoir for Israel and (to some degree) 

Jordan, and development of hydroelectric power 

facilities. It also included establishment of a neutral 

authority to oversee the allocations of water to the 

riparians. 

 Major features: It aimed at defining an equitable 

allocation based on meeting the irrigation demand 

of each riparian. It did not consider the use of the 

Litani River. 

 Basin estimated water resources:  

1,503 MCM/year 

Note: Under all plans, the West Bank was considered to be part of Jordan. 
(source: Phillips et al., 2007b; Al-Kloub and Abu-Taleb, 1998; Rowley, 1993) 
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ANNEX 3: JORDANIAN GROUNDWATER MONITORING 

WELLS 

 

Table A2.1. Data from 25 groundwater monitoring wells in Jordan 

January 2003 till December 2014 (Source: Jordan Ministry of Water and Irrigation) 

No. Station ID Station Name 
Coordinates 

Long Lat 

1 CA1010 Numeira No 1 35° 31' 52.814" E 31° 8' 8.002" N 

2 CA1006 Mazra'a No 1 35° 31' 9.022" E 31° 15' 54.063" N 

3 DA1032 Khneizira No 5 35° 26' 17.521" E 30° 54' 5.421" N 

4 DA3037 Ghuweiba Monitoring 1 35° 17' 34.613" E 30° 41' 20.329" N 

5 AB1164 Adasiyya 19 35° 35' 11.742" E 32° 37' 30.054" N 

6 AE1003 Kufr Asad EXP 35° 42' 37.656" E 32° 37' 29.478" N 

7 DF1003 Um Mithla No 1B/HAQ 35° 18' 16.912" E 30° 28' 3.290" N 

8 EA3009 EOW17 Rahma 35° 7' 38.603" E 29° 52' 51.842" N 

9 DF1000 Um Mithla No 4 35° 19' 31.394" E 30° 25' 18.487" N 

10 EA1018 Wadi Yutum No 8 35° 4' 32.294" E 29° 34' 19.271" N 

11 AD1148 
E'layyan Miqbel 

MAHM.\Somaya1 
36° 12' 46.845" E 32° 25' 29.384" N 

12 AL1043 TW15 / N. Dhuleil (PP 160) 36° 14' 17.367" E 32° 7' 58.151" N 

13 F1043 AZ 12 (PP 195) 36° 49' 14.702" E 31° 55' 37.764" N 

14 F3755 Muwaqqar (KM 6) 36° 10' 16.886" E 31° 47' 54.289" N 

15 H3015 H3(OB) Wadi El Ghusein 37° 51' 26.591" E 32° 24' 18.072" N 

16 AL1444 Ain El Ruseifa 8 /Observation 36° 0' 48.642" E 32° 0' 54.737" N 

17 AD1233 Yamoun EXP 1 35° 54' 34.729" E 32° 23' 52.181" N 

18 K1000 Wadi Tabilah (S43) 36° 7' 9.187" E 29° 24' 20.852" N 

19 H2016 WADI GHUSAIN 37° 50' 38.443" E 32° 23' 37.447" N 

20 K3008 BH4B 35° 57' 6.179" E 29° 30' 51.719" N 

21 ED1202 Mneisheer MW-2 (OBS.) 35° 34' 54.423" E 29° 38' 48.867" N 

22 CD1152 Lajjun No 2 OBS. 35° 49' 18.162" E 31° 12' 28.865" N 

23 ED1204 Q'a EL Disi MW-4 (OBS.) 35° 28' 50.981" E 29° 39' 50.152" N 

24 G1341 J.O. 3 / Jafer OBS. Well 36° 15' 8.259" E 30° 31' 37.175" N 

25 G1210 Udruh 4 (S118) 35° 35' 32.938" E 30° 18' 56.583" N 
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ANNEX 4: JRB WATER-RELATED CHARACTERISTICS BASED ON VARIOUS REFERENCES 

Parameter Reference Unit Israel Jordan Lebanon Palestine Syria Golan Heights Total 

Riparian share of basin 

area 

Phillips et al., 2007b % 9.7 41.2 3.6 8.2 37.3 - 100 

SIDA, 2016 km2 2,032.3 6,764.0 740.0 1,879.5 5,409.9 1,230.4 18,056 

Comair et al., 2012 km2 3,033 (includes 

Golan Heights) 
7,183 606 1,542 5,740 - 18,103 

UN-ESCWA and 

BGR, 2013 

km2 
1,906 7,352 688 1,564 

6,775 (with 

Golan 

Heights) 
- 18,285 

Mimi and Sawalhi, 
2003 

km2 
1,867 7,663 664 2,344 

7,301 (with 

Golan 

Heights) 
- 19,839 

ICBS, 2013 km2 - - - - - 1,154 - 

Within Basin 

Population 

SIDA, 2016 Number 1,050,456 4,852,716 69,376 735,280 1,157,176 92,642 7,957,645 

UN-ESCWA and 

BGR, 2013 

Number 324,000 5,050,000 105,000 401,000 
“30,000 
Israeli settlers 

removed and 

added to 
Israeli 

population” 

1,300,000 - 
“20,000 Syrians 
live in the Golan 

Heights” 

7,180,000 

Zeitoun et al., 2012 Number - - 135,000 
(as residents of 
Hasbani basin) 

- - - - 

ICBS, 2013 Number - - - - - 44,100 
Arabs:23,900 

Jews: 18,900 

- 

Average annual 
precipitation 

SIDA, 2016 MCM/year 984.8 1,900.3 380.7 714.0 1,495.7 566.8 6,042.4 

Comair et al., 2012 mm/year 438 266 490 301 225 - - 

MCM/year23 1,328.5 1,910.7 296.9 464.1 1,291.5 - 5,291.7 

Mimi and Sawalhi, 
2003 

mm/year 184 222 508 361 508 - - 

Overland runoff in the 
Jordan River Basin 

SIDA, 2016 MCM/year 69.2 157.9 21.1 70.9 164.1 48.6 531.8 

                                                 
23

 Comair et al. (2012) precipitation rates converted from mm/year to MCM/year by multiplying the precipitation rate by JRB surface area. 
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Parameter Reference Unit Israel Jordan Lebanon Palestine Syria Golan Heights Total 

Surface water including 
spring water in the JRB 

SIDA, 2016 MCM/year 501.324 217.3 147.1 115.1 314.3 131.3 1,426.5 

PWA, 2012 MCM/year - - - - - - 1,400 

Phillips et al., 2007b 
and AFIAL, 2014 

MCM/year - - 12025 - - - - 

Proportional safe 
groundwater in the JRB 

SIDA, 2016 MCM/year 57.3 126.5 36.9 129.1 255.0 30.5 635.1 

This Study MCM/year 43.1 126.0 65.0 120.8 137.6 21.1 513.6 

Total average annual 

riparians’ contribution 

to JRB water supply 

SIDA, 2016 MCM/year 318.6 343.8 183.9 244.1 569.3 401.8 2,061.6 

Reported riparian 

surface water 
abstraction from JRB 

SIDA, 2016 MCM/year 591.5 243.2 5.9 5.3 163.1 34.6 1,043.6 

Zeitoun et al., 2012 MCM/year 550-800 290 8 to 11 0 200 to 260 - 1,361 

AFIAL, 2014 MCM/year 596 135 3.7 0 165 -  

PWA, 2012 MCM/year 800 235 5 0 160 - 1,200 

Mimi and Sawalhi, 
2003 

MCM/year 810 340 5 20 165  1,340 

UN-ESCWA and 
BGR, 2013 

MCM/year 583-640 - 4.4 
(as 9.5 – 5.1 = 

4.4) 

- - - - 

Reported riparian 

groundwater 

abstraction from JRB 

SIDA, 2016 MCM/year 28.7 354.7 9.7 74.6 277.4 4.0 749.1 

UN-ESCWA and 
BGR, 2013 

MCM/year - - 5.1 - - - - 

AFIAL, 2014 MCM/year 90.0 240.0 
(160 as usable 

recharge and rest 

as over 

abstraction) 

4.4 109 288 - 731.4 

Reported riparian 

surface and ground 

water abstraction from 

JRB 

SIDA, 2016 MCM/year 620.1 437.9 15.6 79.9 440.5 38.7 1,632.8 

UN-ESCWA and 
BGR, 2013 

MCM/year - 290 9-10 - 453 - - 

AFIAL, 2014 MCM/year 686-700 320-365 10-11 109 260-453 - 1,385 – 

1,638 

                                                 
24

 This includes 240 MCM/year as the Liddan River flow. 
25

 This number excludes groundwater transboundary flows (AFIAL, 2014) to feed Liddana and Banias rivers. 
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ANNEX 5: JRB LAND USE CLASSIFICATION 

 

A5.1 Introduction 

Anthropogenic activities such as urban development and agricultural expansion 

are considered as constantly ongoing activities that change the land use/ land cover 

(LULC) patterns, which affect water supply and consumption patterns within a 

hydrological basin. Understanding changes at that level is important because a basin is 

considered as a natural unit for physical, economic, industrial and social planning and 

development (Sharma et al., 2011).Obtaining an up-to-date land cover change 

information allows for an understanding of the dynamics of human induced changes in 

LULC and provides a better understanding of water demand patterns for policy and 

planning purposes at basin level. Monitoring land use/land cover changes has been 

enhanced by digital image processing of multi-temporal satellite data (Laba et al., 

1997). The satellite remote sensing imagery provides high spatial resolution and regular 

consistent measurement of earth surface conditions which allows for tracking the 

dynamics of land cover conditions of the area of interest over time (Masek et al., 2000). 

Several studies have used remote sensing and Geographical Information Systems (GIS) 

techniques as tools for change detection analysis of land use/land cover at the level of a 

water basin (Butt et al., 2015; Shukla et al., 2014; Almanasyeh et al., 2012; Sharma et 

al., 2011). 

There are two general approaches for carrying LULC change detection: the 

pre-classification method, and the post-classification method for change detection 

(Shukla et al., 2014). Pre-classification method for change detection techniques 

generate “change” versus “no-change” maps without specifying the type of change, 
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which is not really useful for providing an understanding of where this change has 

occurred. Post-classification change detection method depends on analyzing the pixel-

by-pixel change between two independently classified images of same area but different 

date allowing the determination of the “from-to change” information (Butt et al., 2015; 

Shukla et al., 2014). Moreover, relying on independently classified images minimizes 

the problems caused by variation in sensors and atmospheric conditions (Shukla et al., 

2014). 

Pixel-based classification techniques of Landsat images include the 

unsupervised classification or clustering, supervised classification, and hybrid 

classification using both unsupervised and supervised approaches (Bakr et al., 2010). 

The maximum likelihood supervised land use classification has been one of the most 

popular approaches adopted by land use classification studies and was found to provide 

good results for detecting the changes in LULC (Butt et al., 2015; Al-Ahmadi and 

Hames, 2008; Ahadnejad and Rabet, 2010). These studies were able to good overall 

accuracies where Butt et al. (2015) achieved an accuracy of more than 95 percent in the 

supervised classification of Simly watershed in India. Shukla et al. (2014) were able to 

achieve an overall accuracy of 87 percent in the supervised classification of the Upper 

Bhima river basin. 

Estimating the extent of irrigated areas in each water basin is a primary step 

towards sustainable natural resources management and better understanding of the water 

resources available for agriculture (Alexanadridis et al., 2008; Martinez-Beltran and 

Calera-Belmonte, 2001). Some studies has been carried to further sub-classify 

agricultural areas into irrigated and rain fed by relying on Landsat images and spectral 

indices (Jin et al., 2016; Ozdogan et al., 2010; Ozdogan et al., 2008). However, there is 



205 

no consensus on the best approach for mapping irrigated areas (Ozdogan et al., 2010). 

The normalized difference vegetation index (NDVI) is the most frequently used 

indicator of vegetative cover (Toomanian et al., 2004; Jin et al., 2016; Ozdogan et al., 

2008). However, in arid to semi-arid areas, where the vegetation is low and soil 

background influences reflections, the NDVI performance is improved by combining it 

with other indices such as land surface temperature (LST) (Bakr et al., 2010; Qi et al., 

1994; Julien et al., 2011), Enhanced Vegetation Index (EVI), and modified soil-adjusted 

vegetation index (MSAVI), which is shown to minimize the influence of soil in low 

vegetation areas (Qi et al., 1994). 

For the Jordan River Basin (JRB), the main objective of the land use 

classification was to gain an understanding about changes in the LULC during the past 

25 years with special emphasis on changes in area of irrigated agriculture and its 

implication on water demand within the basin and the potential for future expansion. 

Within this context, Landsat images for the period between 1990 and 2014 were 

classified in order to understand changes in irrigated lands and derive the extent of 

fallow areas available within the JRB for future expansion of irrigated lands. The land 

use classification approach, sub-classification of agricultural areas into irrigated and 

rain fed, and the results are discussed below. 

 

A5.2 Methodology 

A5.2.1 Imagery Selection and Reference Data 

The study region of the JRB is represented in four Landsat images of 30 meters 

x 30 meters resolution and having the path/row numbers: 174/37, 174/38, 173/37, and 

173/38. Two sets of images were selected to meet the study objectives: 1) one set for 
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detecting land use changes, and 2) another for purposes of classifying agricultural areas 

into irrigated and rain fed lands. These image sets were obtained via the USGS Earth 

Resources Observation and Science (EROS) Center Science Processing Architecture 

(ESPA) demand interface (https://espa.cr.usgs.gov/), which provides Landsat data as 

surface reflectance, land surface temperature, and derived spectral indices. 

For detecting land use change, Landsat images for the years 2014, 2009, 2005, 

2000, and 1990 were obtained for the month of August during which no precipitation is 

anticipated and for which images with cloud cover less than 10% were available for the 

selected years (Figure A5.1). For sub-classification of agricultural areas, images with a 

10% or less cloud cover for the period spanning the months of May or June as peak of 

summer growing seasons for crops (Figure A5.1) during the years 2014, 2009, 2005, 

2000, and 1990 and during which no precipitation is anticipated. Images for the year 

2014 were obtained from Landsat 8 Operational Land Imager (OLI), for years between 

2000 and 2009 the images were obtained from Landsat 7 Enhanced Thematic Mapper 

(ETM), and for the year 1990 from Landsat 5 Thematic Mapper (TM) collection (Table 

A5.1). 

 

Table A5.1. Landsat images used for study purposes 

Objective Month/Year Landsat Image Cloud Cover 

For purpose of land use change 
detection 

August 2014 LC81740382014220 
LC81740372014236 
LC81730382014213 
LC81730372014213 

0% 
3% 
0% 
0% 

June, July and 
August 2009 

LE71730372009175 
LE71730382009175 
LE71730372009191 
LE71730382009191 
LE71740372009182 
LE71740382009182 
LE71740372009214 
LE71740382009214 
LE71740372009230 
LE71740382009230 
LE71740382009230 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
1% 
0% 
0% 
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Objective Month/Year Landsat Image Cloud Cover 
June, July and 
August 2005 

LE71730372005212 
LE71730382005212 
LE71730372005228 
LE71730382005228 
LE71740372005171 
LE71740372005203 
LE71740372005235 
LE71740382005171 
LE71740382005235 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

August 2000 LE71740382000238 
LE71740372000238 
LE71730382000231 
LE71730372000231 

0% 
3% 
0% 
0% 

August 1990 LT51740381990234 
LT51740371990234 
LT51730381990243 
LT51730371990243 

0% 
10% 
0% 
10% 

For classification of agricultural 
areas into irrigated and rain-fed 
lands 

May and June 
2014 

LE71730372014141 
LE71730372014157 
LE71730382014141 
LE71730382014157 
LC81740372014124 
LC81740382014124 

1% 
0% 
2% 
0% 
0% 
0% 

May and June 
2009 

LE71730372009143 
LE71730372009175 
LE71730382009143 
LE71730382009159 
LC81740372009150 
LC81740372009166 
LC81740382009150 
LC81740382009166 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

May and June 
2005 

LE71730372005148 
LE71730372005164 
LE71730382005151 
LE71730382005180 
LC81740372005139 
LC81740372005171 
LC81740382005139 
LC81740382005171 

0% 
0% 
0% 
0% 
0% 
0% 
0% 
0% 

May and June 
2000 

LE71730372000135 
LE71730382000151 
LC81740372000134 
LC81740372000166 
LC81740382000134 
LC81740382000158 

0% 
0% 
0% 
0% 
0% 
0% 

May, July, and 
August 1990 

LE71730371990211 
LE71730381990243 
LC81740371990146 
LC81740381990146 

10% 
0% 
0% 
0% 

 

For reference data, high resolution imagery available through Google Earth 

was used. One limitation was that Google Earth images are available only starting May 

21, 2004 and, hence, for years 2000 and 1990 the reference data were obtained based on 

the processed Landsat images of those years. 
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Figure A5.1. Crop calendar for major crops cultivated within the Jordan River Basin 

 

A5.2.2 Image Pre-Processing 

For scenes downloaded from ESPA interface (espa.cr.usgs.gov), the image 

bands are provided as surface reflectance and land surface temperature with cloud cover 

mask file (referred to as “cfmask”) that is used for masking the effects of cloud cover on 
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the Landsat scene. The “cfmask” file has values from 1 to 4 where 1 implies clear, 2 is 

cloud shadow, 3 is snow, and 4 is cloud. As such, the “cfmask” is first reclassified into 

“NoData” for clouds and cloud shadows and into “1” for the other categories creating a 

mask file that can be applied to other surface reflectance bands to remove the cloud 

effect. 

Following, the surface reflectance bands, specified in Table A5.2 and used for 

land use classification, are multiplied by the reclassified “cfmask” and by a factor of 

0.0001 as specified in the images’ metadata file. Then the selected bands are merged 

and mosaicked using the “mean” option of the ArcGIS image analysis window into one 

image representing the study region. 

 

Table A5.2. Bands for use with false color composites and indices applied for satellite images analyses  

Landsat 

Collection 

Landsat 4-5 TM Landsat 7 ETM  

(Enhanced Thematic Mapper) 
Landsat 8 OLI 

(Operational Land Imager) 

Bands used Band 1 = Blue 

Band 2 = Green 

Band 3 = Red 

Band 4 = Near Infrared 

Band 6 = Thermal infrared 

Band 1 = Blue 

Band 2 = Green 

Band 3 = Red 

Band 4 = Near Infrared 

Band 5 = Shortwave Infrared 1 

Band 7 = Shortwave Infrared 2 

Band 2 = Blue 

Band 3 = Green 

Band 4 = Red 

Band 5 = Near Infrared 

Band 6 = Shortwave Infrared 1 

Band 7 = Shortwave Infrared 2 

Indices used Vegetation index: 

1. Normalized difference vegetation index (NDVI) as the chief indicator of agricultural activity 

NDVI = (NIR-RED)/(NIR+RED), where RED and NIR (Near Infrared) are the per pixel band 

values for red and near infrared respectively. 

2. Modified Soil Adjusted Vegetation Index (MSAVI) is defined as a vegetation signal" to "soil 

noise" ratio because it enhances the vegetation signal while minimizing the soil background 

influences, resulting in greater vegetation sensitivity (Qi et al., 1994). 

MSAVI = 
2∗𝑁𝐼𝑅+1−√(2∗𝑁𝐼𝑅+1)2−8∗(𝑁𝐼𝑅−𝑅𝐸𝐷)

2
 

False Color 

Composite 

(FCC) 

R,G,B set as 4,3,2 bands of Landsat 7, which is the standard FCC where vegetation appears in 

shades of red, urban areas as cyan blue, and soils from dark to light browns. 

R,G,B set as 1,4,7 bands of Landsat 7, which helps to identify urban land cover type. 
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A5.2.3 Classification Scheme 

The study adopted a classification scheme of nine Level I land cover (LC) 

types: snow, water, built-up, light forest, forest, agricultural land, fallow land, 

rangeland, and barren land. These LC types are mapped using the pre-set colour-coding 

scheme indicated in Table A5.3 (Anderson et al., 1976). 

 

Table A5.3. Land cover classes to be used, their definition and map color representation 

No. Class 
Definition  

(Anderson et al., 1976) 

Color 

Scheme 

1 Snow Land having a perennial cover of either snow or ice that survives 

the summer melting season and they persist as relatively permanent 

features on the landscape. 

White 

2 Water Includes lakes as non-flowing, naturally enclosed bodies of water, 

as well as reservoirs as artificial impoundments of water used for 

irrigation, flood control, municipal water supplies, recreation, 

hydroelectric power generation, and so forth. 

Dark Blue 

3 Built-up Areas of intensive use with much of the land covered by structures. 

Included in this category are cities, towns, villages, strip 

developments along highways, transportation, power, and 

communications facilities, and areas such as those occupied by 

mills, shopping centers, industrial and commercial complexes, and 

institutions that may, in some instances, be isolated from urban 

areas. 

Red 

4 Light Forest Land having a tree-crown areal density (crown closure percentage) 

of 10 percent or more, are stocked with trees capable of producing 

timber or other wood products. It includes deciduous, evergreen, 

and mixed forests. Forest land which is grazed extensively would be 

included in this category because the dominant cover is forest. 

Light Green 

5 Forest Land having a tree-crown areal density (crown closure percentage) 

of 10 percent or more, are stocked with trees capable of producing 

timber or other wood products. It includes deciduous, evergreen, 

and mixed forests. Forest land which is grazed extensively would be 

included in this category because the dominant cover is forest. 

Green 

6 Agricultural 

land 

Land used primarily for production of food and fiber. Land plots 

that are observed to have a green cover are designated as 

agricultural land. 

Yellow 

7 Fallow land Land used primarily for production of food and fiber. Land plots 

that are observed to be without a green vegetative cover are 

designated as fallow land. Includes also rain fed agricultural lands. 

Light 

Brown 

8 Rangeland Land where the potential natural vegetation is predominantly 

grasses, grass-like plants, forbs, or shrubs. 

Light 

Orange 

9 Barren land Land of limited ability to support life and in which less than one-

third of the area has vegetation or other cover. In general, it is an 

area of thin soil, sand, or rocks. Vegetation, if present, is more 

widely spaced and scrubby than that in the Shrub and Brush 

category of Rangeland. 

Gray 
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A5.2.4 Training Data, Testing Data and Image Classification 

The selected images were independently classified using the supervised 

classification method of maximum likelihood algorithm, which is one of the most 

commonly used supervised classification approach (Bakr et al., 2010; Al-Ahmadi and 

Hames, 2009; Ahadnejad and Rabet, 2011). The main purpose of this classification 

approach is to gather all pixels of the studied image into classes and signature themes 

(Lillesand et al., 1994). It assesses the variance and covariance of each pixel to be 

classified based on a set of predetermined classes whose statistical parameters are 

summarized in a single signature file; consequently the probability of each pixel to be 

related to a certain class is determined and then classified according to the highest 

membership probability (Shalaby and Tateishi, 2007). Such an independent 

classification of images minimizes the problems caused by variation in sensors and 

atmospheric conditions (Shukla et al., 2014). The maximum likelihood supervised land 

use classification has been reported to provide good results for detecting changes in 

LULC at an accuracy of ~95 percent in the supervised classification of Simly watershed 

in India (Butt et al., 2015) and ~87 percent in the supervised classification of the Upper 

Bhima river basin (Shukla et al., 2014). 

Training data for supervised classification was collected using false colour 

composites (FCC) and Normalized Difference Vegetation Index (NDVI) layers (as 

indicated in Table A6.1). Training samples were collected for each year and used to 

create corresponding signature files. Then, the mosaicked images for August of year 

2014, 2009, 2005, 2000, and 1990 were independently classified using the supervised 

classification method of maximum likelihood algorithm. The classified image is then 

generalized by using the “majority filter” followed by “boundary clean” tools of the 
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spatial analyst toolbox to generalize the edges of the land use classes. 

 

A5.2.5 Field Verification 

The field samples used to derive the NDVI and MSAVI threshold values have 

been used from field verification exercise during which samples were collected from 

each of the defined LULC classes across within the basin. The collection of field 

verification samples was carried in collaboration with the regional Water and 

Agriculture project (FEM21-02) conducted in partnership with the Centre for World 

Food Studies of the Vrije Universiteit (SOW-VU) and sponsored jointly by the Euro-

Mediterranean Forum of the Economic Institutes (FEMISE) and the Netherlands 

Ministry of Foreign Affairs (Division for Development Cooperation) (SIDA, 2016). The 

selected sites visited by team members have been documented using a field form that 

collected for each site 4 GPS readings, a description of the main land cover and main 

economic activity within the site, digital photographs for each visited area, and types of 

crops planted as well as irrigation methods used for agricultural sites. 

The field verification samples were collected from Jordan, Lebanon, and the 

PA. Given the situation in Syria and the fact that Israel is not part of the JRB project 

through which this field verification has been conducted, locations in both countries 

have not been considered. A total of 136 field sites across Jordan, Lebanon, and the PA 

were available for use and of those 32 were agricultural sites that were suitable for 

subsequent use in the development an algorithm to spectrally separate between irrigated 

and rain fed fields. 
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A5.2.6 Accuracy Assessment 

Randomly generated points were used for accuracy assessment and generation 

of error matrices. For each year, 300 random points were generated and their class 

identified by relying on visual interpretation of the mosaic images for the years 1985 

and 1990 and on Google Earth for years 2000, 2005, 2009, and 2014. These points were 

then used to evaluate the performance of the Maximum Likelihood classifier by 

showing the number of correctly classified points and the number of misclassified 

points per class and generating an error matrix for each classified year. The Kappa 

index of agreement was also derived from the error matrix to measure the difference of 

agreement between the classified and testing data and chance contributed agreement 

(Stenham, 1987). The kappa value has been generated using Equation A5.1. 

 

𝐾𝐴𝑃𝑃𝐴 =
𝑁 ∑ 𝑥𝑖𝑖

𝑟
𝑖=1 −∑ 𝑥𝑖+ × 𝑥+𝑖

𝑟
𝑖=1

𝑁2−∑ 𝑥𝑖+ × 𝑥+𝑖
𝑟
𝑖=1

 (A5.1) 

 

Where N = the total number of sites in the error matrix 

r = the number of rows in the error matrix 

xiii = the number in row i and column i 

x+i = the total for row i 

xi+ = the total for column i 

 

A5.2.7 Sub-Classification of Agricultural Land into Irrigated and Rain Fed Areas 

After the level I classification and accuracy assessment of the results, a second 

level of classification was applied to agricultural land with the objective of identifying 

two sub-groups: the irrigated and the rain fed areas. Studies sub-classifying agricultural 

areas into irrigated and rain fed have been conducted using Landsat images and spectral 

indices (Jin et al., 2016; Ozdogan et al., 2010; Ozdogan, 2008). However, there is no 

consensus on the best approach for mapping irrigated areas (Ozdogan et al., 2010). The 
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normalized difference vegetation index (NDVI) is a commonly used indicator of 

vegetative cover and reportedly the most the effective irrigation index with the choice of 

the image acquisition date being of a large impact on the interpretation of results 

(Toomanian et al., 2004; Jin et al., 2016; Ozdogan, 2008; Wu and Pauw, ICARDA; 

Ozdogan et al., 2006; Abuzar et al., 2001; Martinez-Beltran and Calera-Belmonte, 

2001). However, in arid to semi-arid areas, where the vegetation is low and soil 

background influences reflections, the NDVI performance is improved by combining it 

with other indices such as land surface temperature (LST) (Bakr et al., 2010; Qi et al., 

1994; Julien et al., 2011), enhanced vegetation index (EVI), and modified soil-adjusted 

vegetation index (MSAVI) shown to minimize the influence of soil in low vegetation 

areas (Qi et al., 1994). 

In this study, the NDVI supported by the MSAVI were used as indicators to 

establish irrigation presence. A range of NDVI and MSAVI values representing 

irrigated crop lands were determined using a number of sites from a field verification 

exercise that collected samples from all LULC classes across and within the basin along 

with relying on Google Earth images and visual interpretation of the satellite image 

itself. The collection of field verification samples was conducted in collaboration with 

the regional Water and Agriculture project (FEM21-02) conducted in partnership with 

the Centre for World Food Studies of the Vrije Universiteit (SOW-VU) and sponsored 

jointly by the Euro-Mediterranean Forum of the Economic Institutes (FEMISE) and the 

Netherlands Ministry of Foreign Affairs (Division for Development Cooperation). The 

samples were collected from Jordan, Lebanon, and the PA. Given the situation in Syria 

and the fact that Israel was not part of the project through which this field verification 

has been conducted, locations in both countries have not been considered for the 
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verification process. A total of 136 field sites across Jordan, Lebanon, and the PA were 

available for use and of those 33 were agricultural sites that were suitable for utilization 

in the development thresholds to spectrally separate between irrigated and rain fed 

fields. For other years, a smaller number of samples between 14 and 21 sites (Table 

A6.8) identified based on Google Earth images and visual interpretation of the satellite 

image itself were used. 

Based on the crop calendar (Figure A6.1), and availability of Landsat images 

with cloud cover less than 10%, the month of August was selected as the time period 

when irrigated crops have emerged but preceded the onset of winter rains, which would 

obscure the spectral differences between irrigated and non-irrigated areas (Abuzar et al., 

2001). However, since vegetables are reported to disappear from the Jordan Valley in 

July and August (Kafa’a 2004), the month of May was also classified for irrigated and 

rain fed areas to ensure that vegetable irrigated areas within Israel, Jordan and the PA 

are considered. The resulting NDVI and MSAVI indices are summarized in Table A5.4 

based on sample sites and selected months for all classified years. 

 

Table A5.4. NDVI and MSAVI thresholds used to identify irrigated areas within JRB 

Month and Year Number of sample sites NDVI Threshold MSAVI Threshold 

May 2014 Irrigated: 13 

Rain fed: 20 

> 0.37 > 0.25 

August 2014 > 0.35 > 0.26 

May 2009 Irrigated: 6 

Rain fed: 8 

> 0.38 > 0.23 

August 2009 > 0.33 > 0.21 

May 2000 and 2005 Irrigated: 10 

Rain fed: 11 

> 0.31 > 0.19 

August 2000 and 2005 > 0.25 > 0.19 

May 1990 Irrigated: 9 

Rain fed: 7 

> 0.33 > 0.23 

August 1990 > 0.27 > 0.18 
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A5.3 Results 

A5.3.1 JRB Land Use Classification 

Figure A5.2 illustrates the results of JRB the land use classification for years 

1990, 2000, 2005, 2009, and 2014 along with their Kappa index. Tables A5.5 to A5.9 

present the results of the accuracy assessment as error matrices for the classified years. 

 

 

(a) Kappa index = 0.66 

 

(b) Kappa index = 0.62 
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(c) Kappa index = 0.54 

 
(d) Kappa index = 0.56 

 
(e) Kappa index = 0.67 

Figure A5.2. Land Use classification of the JRB and their Kappa index for August of years  

(a) 1990, (b) 2002, (c) 2005, (d) 2009, and (e) 2014 
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Table A5.5. Error Matrix for the JRB classified image of 2014 
Classes Reference Total 

Built-Up Light Forest Forest Agricultural/ 

Fallow 

Rangeland Barren Land 

Built-Up 9   2 1 1 13 

Light Forest  5 1 2   8 

Forest  1 5    6 

Agricultural/ Fallow  4  120 28 4 156 

Rangeland 1 1  6 39 4 51 

Barren Land 1   4 6 57 68 

Total 11 11 6 134 74 66 302 

 

Table A5.6. Error Matrix for the JRB classified image of 2009 
Classes Reference Total 

Built-Up Light Forest Forest Agricultural/

Fallow 

Rangeland Barren Land 

Built-Up 10   2  2 14 

Light Forest  2  2 2  6 

Forest  1 4    5 

Agricultural/ Fallow 2 6 1 112 30 21 172 

Rangeland  1  8 41 5 55 

Barren Land    2 2 42 46 

Total 12 10 5 126 75 70 298 

Table A5.7. Error Matrix for the JRB classified image of 2005 
Classes Reference Total 

Built-Up Light Forest Forest Agricultural/

Fallow 

Rangeland Barren Land 

Built-Up 12      12 

Light Forest  2 1 3 4  10 

Forest   2 1 2  5 

Agricultural/ Fallow 7 1  84 40 11 143 

Rangeland    6 30 16 52 

Barren Land 3   2  70 75 

Total 22 3 3 96 76 97 297 

 

Table A5.8. Error Matrix for the JRB classified image of 2000 
Classes Reference Total 

Built-Up Light Forest Forest Agricultural/
Fallow 

Rangeland Barren Land 

Built-Up 4   4 1 1 10 

Light Forest  3 2 1 4  10 

Forest  1 2 1   4 

Agricultural/ Fallow 3 2  101 23 11 140 

Rangeland  2 1 8 41 10 62 

Barren Land    1  60 61 

Total 7 8 5 116 69 82 287 
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Table A5.9. Error Matrix for the JRB classified image of 1990 
Classes Reference Total 

Built-Up Light Forest Forest Agricultural/

Fallow 

Rangeland Barren Land 

Built-Up 6   2  1 9 

Light Forest 1 3 2 2 1  9 

Forest  1 3    4 

Agricultural/ Fallow 1 1  97 16 10 125 

Rangeland 3 3 1 17 60 6 90 

Barren Land 2   1 1 58 62 

Total 13 8 6 119 78 75 299 

 

According to the JRB LU/LC classification of August 2014, the majority of the 

basin’s water is consumed by agricultural activities where 48% emerged as 

agricultural and fallow areas, followed by barren areas covering 25% and rangelands 

17% (Table A5.10). Though they are expanding, built-up areas within the basin 

account for only 5% of the JRB land cover. The land cover of the basin reflected the 

scarcity of surface water resources where water was found to cover only 1% of the 

basin’s surface area. As for forests, they covered a mere 3.3% (see Figure A5.2.e). 

 

Table A5.10. Land use classification for the JRB over time period between 1990 and 2014 

Class 

Land Use Classification 

August 2014  
(Kappa=0.67) 

August 2009  
(Kappa=0.56) 

August 2005  
(Kappa=0.54) 

August 2000  
(Kappa=0.62) 

August 1990  
(Kappa=0.66) 

km2 % km2 % km2 % km2 % km2 % 

Snow 4.4 0.0 0.2 0.0 13.6 0.1 1.1 0.0 53.9 0.3 

Water 172.9 1.0 166.8 0.9 184.4 1.0 177.0 1.0 168.4 0.9 

Built-Up 955.4 5.3 818.3 4.5 577.7 3.2 618.0 3.5 455.9 2.5 

Light Forest 434.9 2.4 452.0 2.5 503.6 2.8 393.8 2.2 620.5 3.5 

Forest 153.7 0.9 125.5 0.7 345.0 1.9 258.1 1.5 148.0 0.8 

Agricultural 1894.7 10.5 2,550.9 14.2 770.2 4.3 688.7 3.9 871.5 4.9 

Fallow Land 6801.4 37.7 7,081.5 39.3 7,914.5 43.9 8,302.9 46.7 6,350.4 35.5 

Rangeland 3119.3 17.3 3,301.4 18.3 3,371.1 18.7 4,392.1 24.7 5,816.0 32.5 

Barren Land 4486.8 24.9 3,525.7 19.6 4,338.4 24.1 2,951.9 16.6 3,428.5 19.1 

Total* 18,023.6 100 18,022.2 100 18,018.4 100 17,783.6 100 17,913.1 100 

* The variations observed in total area of the JRB are due to the “No Data” regions caused by cloud cover. 
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With respect to the agricultural sector, the change in LU/LC within the JRB 

reveals that from 1990 to 2009, agricultural and fallow areas increased by 2,410 km
2
 

(Table A5.10). However, between 2009 and 2014 agricultural areas were observed to 

decline. This set back could be attributed to the decline in irrigated agricultural areas in 

Syria due to the onset of the Syrian civil war and/or the expansion in agricultural 

greenhouses within the Jordanian Balqa district of the Jordan Valley. In fact, the 

detection of greenhouses using remote sensing posed a limitation to the LU/LC 

classification as these were mostly misclassified as built-up areas. Forest areas in 

general did not witness major changes between 1990 and 2014 but rangelands declined 

from 32.5% in 1990 to 17.3% of the basin area in 2014. On the other hand, barren lands 

have increased by 1,058 km
2
 between 1990 and 2014, highlighting the challenge of 

desertification within the region. Nearly 56% of this increase occurred within Jordanian 

territories, 18.5% in Syrian, and 17.7% within Palestinian areas. 

 

 
Figure A5.3. Distribution of land use areas within the JRB for years 1990, 2000, 2009, and 2014 
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A5.3.2 Irrigated Agricultural Areas 

The results of the further sub-classification of agricultural areas into irrigated 

and rain-fed lands for years 1990, 2000, and 2014 are summarized in Table A5.11 for 

country levels and detailed for district levels under Table A5.12. 

 

Table A5.11. JRB agricultural areas by riparian country and based on land use classification 

Riparian Parameter 

Area in km
2
 

1990 2009 2014 

Israel Irrigated during the year 423 343 351 

Irrigated in August 335 280 223 

Cultivated in August 426 533 554 

Fallow in August 213 536 491 

Total in August 639 1,069 1,044 

Jordan Irrigated during the year 222 248 267 

Irrigated in August 163 209 188 

Cultivated in August 206 747 619 

Fallow in August 1,395 2,156 1,641 

Total in August 1,601 2,903 2,260 

Lebanon Irrigated during the year 21 54 44 

Irrigated in August 5 29 6 

Cultivated in August 12 158 72 

Fallow in August 50 95 104 

Total in August 62 254 176 

Palestinian 

Authority 

Irrigated during the year 63 41 76 

Irrigated in August 46 30 46 

Cultivated in August 67 99 132 

Fallow in August 204 547 359 

Total in August 271 646 491 

Syria Irrigated during the year 164 336 184 

Irrigated in August 83 208 65 

Cultivated in August 111 819 355 

Fallow in August 4,377 3,548 4,005 

Total in August 4,487 4,367 4,360 

Golan Heights Irrigated during the year 63 100 97 

Irrigated in August 36 67 34 

Cultivated in August 50 194 164 

Fallow in August 112 200 201 

Total in August 162 393 365 

Total for the Jordan 

River Basin 

Irrigated during the year 956 1,122 1,019 

Irrigated in August 668 824 561 

Cultivated in August 872 2,550 1,896 

Fallow in August 6,351 7,082 6,801 

Total in August 7,222 9,632 8,696 

* Cultivated areas are those observed to be under active cultivation at time of image classification. 
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Table A5.12. Irrigated areas by district within the JRB based on land use classification results 

District/Country Name Irrigated areas within the Jordan River Basin (km2) 

Year 2014 May-14 Aug-14 Year 2009 May-09 Aug-09 Year 2005 May-05 Aug-05 Year 2000 May-00 Aug-00 Year 1990 May-90 Aug-90 

Israel 351.4 306.8 223.2 342.7 289.2 279.9 324.4 240.3 302.9 375.6 341.0 252.2 422.7 302.1 335.4 

Golan Heights 97.0 94.0 33.8 100.4 91.6 67.5 74.5 54.7 64.4 92.0 81.4 39.4 62.9 46.6 35.9 

Amman 8.9 7.5 3.9 4.7 3.6 4.5 6.3 2.5 6.1 8.5 7.7 2.9 14.3 11.1 6.0 
Irbid 92.9 80.0 65.6 89.1 75.7 77.0 95.5 64.2 90.7 90.8 81.9 62.9 87.7 73.2 64.1 

Mafraq 48.7 20.3 44.6 37.4 21.3 32.2 40.6 21.5 38.4 41.2 22.9 29.9 19.0 3.6 18.3 

Balqa 83.6 61.3 54.9 58.5 47.6 40.5 79.2 36.0 75.0 90.1 74.7 49.4 67.6 48.2 52.1 
Zarqa 3.6 1.1 3.2 5.4 3.6 5.3 4.0 1.5 4.0 4.0 2.6 2.6 3.7 1.8 3.5 

Ajlun 19.4 18.3 9.3 47.6 41.6 44.7 29.4 14.1 26.2 6.3 5.6 3.9 20.0 15.5 12.1 

Jarash 7.0 4.8 5.4 5.0 3.1 4.6 7.7 3.5 7.1 5.6 4.4 3.9 8.2 4.7 6.0 
Madaba 3.4 3.1 0.6 0.5 0.4 0.4 0.9 0.2 0.8 2.1 1.9 0.5 1.8 1.5 0.7 

Jordan Total 267.4 196.3 187.6 248.3 196.9 209.3 263.7 143.6 248.5 248.7 201.6 156.1 222.3 159.7 162.7 

Jericho 36.7 29.7 28.7 20.4 16.9 16.0 28.7 12.5 27.6 34.6 30.1 24.2 30.8 23.9 25.4 
Jenin 2.9 2.6 0.6 0.9 0.7 0.3 0.6 0.2 0.5 4.1 4.0 0.9 5.6 5.1 3.0 

Jerusalem 1.7 1.5 1.2 0.9 0.7 0.8 1.3 0.6 1.2 1.5 1.4 0.7 1.9 1.6 1.2 

Nablus 13.0 12.1 3.9 5.7 4.6 3.4 5.1 2.9 4.8 8.0 7.3 4.0 7.6 6.6 4.2 
Ramallah 1.5 1.5 0.3 0.3 0.2 0.2 0.5 0.2 0.5 2.0 2.0 0.2 1.3 1.2 0.3 

Tubas 20.1 17.4 11.4 12.6 10.6 9.3 15.7 8.8 15.0 17.7 15.1 13.0 15.9 13.0 11.6 

Palestinian Authority Total 75.9 64.8 46.0 40.7 33.7 30.1 51.9 25.2 49.5 67.9 59.8 42.9 63.1 51.4 45.7 

Al_Qunaytirah 15.3 13.6 3.0 11.8 6.5 7.6 11.0 3.5 9.8 42.2 29.9 14.1 15.1 13.3 2.5 

As_Suweida 10.3 5.1 6.9 29.1 17.2 20.6 26.3 14.6 22.7 13.3 7.1 8.5 18.7 15.4 14.5 

Reef Damascus 72.7 59.5 17.4 127.8 93.4 62.6 70.6 35.6 62.7 168.9 135.6 44.2 44.4 25.6 22.3 
Dara 85.9 59.5 37.4 167.4 119.2 117.3 134.7 79.6 121.0 177.4 135.7 82.7 85.6 55.6 43.6 

Syria Total 184.3 137.7 64.7 336.0 236.4 208.2 242.6 133.4 216.2 401.8 308.3 149.4 163.7 109.9 83.0 

Marja'ayun 6.0 5.7 1.5 5.4 5.1 2.2 3.0 2.0 2.4 3.1 3.1 0.1 0.8 0.7 0.3 
Bent Jbayl 0.9 0.9 0.0 0.9 0.8 0.1 0.4 0.2 0.3 1.2 1.2 0.0 0.7 0.7 0.0 

Hasbayya 26.0 25.8 3.8 29.4 26.8 19.8 17.5 12.3 15.1 7.8 7.7 1.6 11.7 11.2 3.8 

Rashayya 10.0 9.5 0.8 16.5 14.6 6.4 12.4 5.4 11.1 8.6 6.4 2.6 7.2 6.7 0.9 
West Beqaa 0.6 0.6 0.0 1.4 1.3 0.5 1.9 0.8 1.8 0.4 0.3 0.3 0.4 0.3 0.3 

Lebanon Total 43.6 42.6 6.1 53.5 48.6 29.0 35.2 20.7 30.7 21.0 18.6 4.6 20.8 19.6 5.3 

Jordan River Basin Total 1,019.53 842.23 561.39 1,121.50 896.41 823.92 992.39 617.91 912.19 1,206.92 1,010.80 644.68 955.58 689.23 668.04 
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According to results illustrated in Figure A5.4, in general, irrigated areas have 

been increasing within the Golan Heights, Jordanian and Lebanese portions of the JRB, 

while it was decreasing in Israeli areas of the basin. The trend in Palestinian irrigated 

areas indicates no change. For Syria, the trend has been increasing between 1990 and 

2009, with a decreasing trend observed between 2009 and 2014. This decrease is 

believed to be due to the Syrian civil war. Similar observation was noted by Muller et 

al. (2016) where their analysis revealed a 47% reduction in irrigated land area in the 

Syrian portion of the Yarmouk basin due to the ongoing conflict and resulting refugee 

migration. In general, during the month of August 2014, the JRB had 10.5% of its area 

as agricultural lands of which 30 % are irrigated (Table A5.11). 

 

 

(a) JRB irrigated areas during May and August of years 1990, 2000, 2005, 2009, and 2014 
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(b) JRB irrigated areas by riparian country for years 1990, 2000, 2005, 2009, and 2014 

Figure A5.4. Irrigated areas within the JRB between 1990 and 2014 by riparian country 

 

The results for irrigated areas between 1990 and 2014 indicated that 17.4% 

increase in irrigated areas occurred between 1990 and 2009 followed by a setback of 

9.2% between 2009 and 2014 mainly due to decline in irrigated areas in the Syrian 

territories affected by war. 

 

A5.4 Conclusion 

The main objective of the land use classification was to gain an understanding 

about existing irrigated areas within the basin and the potential for their expansion. 

Within this context, the results for irrigated areas between 1990 and 2014 guided the 

water balance for the JRB to adopt an assumption of having a 25% increase in existing 

irrigated agricultural areas as a reasonable assumption for projecting irrigation water 

demands within the JRB by year 2050.  
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ANNEX 6: WATER BALANCE DATA 

Table A6.1. Conventional and non-conventional water sources for the Jordan River basin by riparian 

country 

Parameter Zone 2010 2020 2030 2040 2050 

Conventional Water Supply 

Total surface water exiting, in 

MCM/year 

I 261 169 156 149 143 

J 217 257 247 241 235 

L 134 127 121 117 114 
P 115 139 134 131 128 

S 314 299 284 276 268 

GH 371 353 336 326 316 
All 1,413 1,344 1,278 1,240 1,204 

Proportional safe groundwater 

in JRB, in MCM/year 

I 50 48 45 44 43 

J 126 120 114 111 108 
L 51 48 46 45 43 

P 125 119 113 110 106 

S 196 187 178 172 167 

GH 26 25 23 23 22 

All 574 546 520 504 489 

Total surface and ground water 
in JRB, in MCM/year 

I 312 216 202 193 185 
J 344 377 361 352 343 

L 185 176 167 162 157 

P 240 258 247 241 234 
S 511 486 462 448 435 

GH 397 378 359 349 338 

All 1,987 1,890 1,798 1,745 1,693 

Non-Conventional Water Supply 

Brackish water Desalination 

and Disi for Jordan after year 
2014 (MCM/year) 

I      

J 38 136 134 133 132 
L      

P      

S      
GH      

All 38 136 134 133 132 

Water Swapping agreement as 

part of the Israeli, Jordanian, 
Palestinian Agreement for 

Aqaba Desalination Plant 

(MCM/year) 

I  -80 -80 -80 -80 

J  50 50 50 50 
L      

P  30 30 30 30 

S      

GH      

All 0 0 0 0 0 

Treated Wastewater Reuse 
(MCM/year) 

I 17     
J 95     

L      

P      
S 25     

GH 2     

All 138 0 0 0 0 

Untreated Wastewater Reuse 

(MCM/year) 

I      

J      

L      
P      

S 28     

GH      
All 28 0 0 0 0 

Rainwater Harvesting 

(MCM/year) 

I 4 4 4 4 4 

J 6 6 6 6 6 
L 1 1 1 1 1 

P 4 4 4 4 4 

S 5 5 5 5 5 
GH 4 4 4 4 4 

All 23 23 23 23 23 

Regional Water Supply 
Development (RSDSC) 

(MCM/year) 

 
 

 

 

I  60 60 77 90 
J  230 310 387 490 

L      

P  60 60 77 90 
S      

GH      

All  350 430 540 670 
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Parameter Zone 2010 2020 2030 2040 2050 

Total non-conventional water 

in JRB in MCM/year 

I 22 -76 -76 -76 -76 

J 138 192 190 189 188 

L 1 1 1 1 1 

P 4 34 34 34 34 

S 57 5 5 5 5 

GH 5 4 4 4 4 

All 227 161 161 161 161 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 

 

Table A6.2. Irrigated and fallow areas within the JRB by riparian country as average of baseline data of 

SIDA (2016) project database and outcomes of the Land Use/Land Cover classification activity 

Riparian Irrigated Areas (km2) Fallow Areas (km2) 

LU/LC 

classification 

SIDA 

(2016) 
project 

database 

Average Protected 

agricultural 
areas from 

SIDA (2016) 

project 
database 

LU/LC 

classification 

SIDA 

(2016) 
project 

database 

Average 

Israel 343 287 315 8 536 520 528 

Jordan 248 686 467 46 2,156 2,660 2,408 

Lebanon 54 19 36 1 95 466 281 

Palestinian 

Authority 

41 101 71 32 547 849 698 

Syria 336 319 328 0 3548 4124 3,836 

Golan Heights 100 58 79 1 200 157 179 

Total 1,122 1,469 1,295 88 7,082 8,776 7,929 

 

Table A6.3. Expansion of irrigated areas within the JRB by riparian country 

Riparian 

Country 

Average available irrigated 

areas under Baseline Condition 

Assumed Irrigation Area Expansion Scenario 3 

(25% of available irrigated areas as 6.25% every 10 years) 

2010 2020 2030 2040 2050 

Area (km2) 

Israel 323.1 20.2 40.4 60.6 80.8 

Jordan 512.7 32.0 64.1 96.1 128.2 

Lebanon 36.9 2.3 4.6 6.9 9.2 

Palestinian 

Authority 
103.1 6.5 12.9 19.3 25.8 

Syria 327.7 20.5 41.0 61.4 81.9 

Golan Heights 79.6 5.0 10.0 14.9 19.9 

Total 1,295.5 86.4 172.9 259.3 345.8 
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Table A6.4. Crop distribution, crop water requirement, and estimated irrigation water for the Jordan River 

basin by riparian country 

Crops Crop Distribution  

km2 (=100 hectare) 

Crop Water Requirement 

(1000 m3 per hectare) 

Irrigation Water Requirement (MCM/year) based on Low 

Expansion Scenario (25% as 6.25% every 10 years) 

Irrigate

d 

Protecte

d 
Irrigated Protected 

Baseline 

Conditions 
(2010) 

2020 2030 2040 2050 

Israel  

.Almond 3.87 0.00 5.89 
 

2.28 2.43 2.57 2.71 2.85 

.Apple_pea

r 
8.54 0.00 6.17 

 
5.27 

5.60 5.93 6.26 6.59 

.Avocado 12.72 0.00 7.19 
 

9.15 9.72 10.29 10.86 11.43 

.Banana 4.38 0.00 8.55 
 

3.74 3.98 4.21 4.45 4.68 

.Barley 5.04 0.00 2.12 
 

1.07 1.13 1.20 1.27 1.33 

.Cabbage 2.59 0.54 5.22 4.68 1.60 1.70 1.80 1.90 2.01 

.Chickpea 4.15 0.00 2.72 
 

1.13 1.20 1.27 1.34 1.41 

.Cotton 3.71 0.00 6.45 
 

2.39 2.54 2.69 2.84 2.99 

.Cucumber 0.84 0.18 3.42 3.07 0.34 0.36 0.38 0.41 0.43 

.Datefruit 9.69 0.00 6.16 
 

5.96 6.34 6.71 7.08 7.45 

.Eggplant 0.45 0.09 4.51 4.04 0.24 0.26 0.27 0.29 0.30 

.Fig 1.36 0.00 5.76 
 

0.78 0.83 0.88 0.93 0.98 

.Grape 11.08 0.00 4.07 
 

4.50 4.79 5.07 5.35 5.63 

.Greenbean

s 
2.68 0.56 3.02 2.71 0.96 

1.02 1.08 1.14 1.20 

.Greenpepp 3.51 0.73 3.78 3.39 1.57 1.67 1.77 1.87 1.97 

.Groundnut 2.67 0.00 4.28 
 

1.14 1.21 1.29 1.36 1.43 

.Lentil 0.10 0.00 5.29 
 

0.05 0.06 0.06 0.06 0.07 

.Lettuce 0.91 0.19 3.24 2.90 0.35 0.37 0.39 0.42 0.44 

.Maize 2.81 0.00 3.97 
 

1.12 1.19 1.26 1.33 1.40 

.Olive 48.44 0.00 5.01 
 

24.29 25.80 27.32 28.84 30.36 

.Onionsdry 2.17 0.45 7.22 6.47 1.86 1.98 2.10 2.21 2.33 

.Orange 6.19 0.00 9.50 
 

5.88 6.24 6.61 6.98 7.35 

.Oth_citrus 8.15 0.00 9.50 
 

7.74 8.22 8.71 9.19 9.67 

.Oth_fruit 24.38 0.00 6.15 
 

14.99 15.93 16.86 17.80 18.74 

.Oth_grain 0.75 0.00 2.08 
 

0.16 0.17 0.18 0.19 0.20 

.Oth_nuts 2.71 0.00 6.97 
 

1.89 2.01 2.13 2.25 2.36 

.Oth_oilsd 3.27 0.00 5.79 
 

1.89 2.01 2.13 2.24 2.36 

.Oth_pulses 4.06 0.00 2.61 
 

1.06 1.13 1.19 1.26 1.32 

.Oth_roots 0.51 0.00 5.09 
 

0.26 0.27 0.29 0.31 0.32 

.Oth_veg_lf 18.32 3.83 2.88 2.58 6.27 6.66 7.05 7.44 7.83 

.Peach_plus 8.75 0.00 5.89 
 

5.15 5.47 5.80 6.12 6.44 

.Potato 15.68 0.00 4.40 
 

6.90 7.33 7.76 8.19 8.62 

.Pumpkin 0.21 0.04 3.23 2.89 0.08 0.09 0.09 0.10 0.10 

.Sesame 0.02 0.00 3.57 
 

0.01 0.01 0.01 0.01 0.01 

.Sorghum 6.18 0.00 1.97 
 

1.21 1.29 1.37 1.44 1.52 

.Strawberry 0.41 0.09 4.40 3.94 0.21 0.23 0.24 0.25 0.27 

.Sunflower 2.76 0.00 4.49 
 

1.24 1.32 1.40 1.47 1.55 

.Sweetmelo
n 

0.97 0.20 4.01 3.59 0.46 
0.49 0.52 0.55 0.58 

.Tangerine 7.90 0.00 9.50 
 

7.50 7.97 8.44 8.91 9.38 

.Tomato 3.86 0.81 5.19 4.65 2.38 2.53 2.67 2.82 2.97 

.Watermelo

n 
6.31 1.32 2.85 2.56 2.14 

2.27 2.41 2.54 2.67 

.Wheat 60.96 0.00 1.74 
 

10.61 11.28 11.94 12.60 13.27 

.Allcrops 314.04 9.03 
  

147.84 157.08 166.32 175.56 184.80 

Jordan  

.Almond 0.62 0.00 7.24 
 

0.45 0.47 0.50 0.53 0.56 

.Apple_pea
r 

11.18 0.00 7.69 
 

8.60 
9.14 9.68 10.22 10.75 

.Banana 7.54 0.00 10.36 
 

7.81 8.30 8.78 9.27 9.76 

.Barley 8.45 0.00 5.07 
 

4.28 4.55 4.82 5.08 5.35 

.Cabbage 15.61 0.02 4.72 4.25 7.37 7.83 8.29 8.76 9.22 

.Chickpea 0.67 0.00 1.70 
 

0.11 0.12 0.13 0.14 0.14 

.Cucumber 1.39 9.75 2.22 2.00 2.26 2.40 2.54 2.68 2.82 

.Datefruit 7.69 0.00 7.68 
 

5.90 6.27 6.64 7.01 7.38 

.Eggplant 19.21 1.29 3.41 3.07 6.94 7.38 7.81 8.25 8.68 

.Fig 0.50 0.00 7.20 
 

0.36 0.38 0.41 0.43 0.45 

.Grape 10.22 0.00 5.18 
 

5.29 5.62 5.95 6.29 6.62 

.Greenbean

s 
8.20 0.67 1.93 1.74 1.70 

1.81 1.91 2.02 2.13 
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Crops Crop Distribution  
km2 (=100 hectare) 

Crop Water Requirement 
(1000 m3 per hectare) 

Irrigation Water Requirement (MCM/year) based on Low 
Expansion Scenario (25% as 6.25% every 10 years) 

Irrigate
d 

Protecte
d 

Irrigated Protected 

Baseline 

Conditions 

(2010) 

2020 2030 2040 2050 

.Greenpepp 3.67 2.13 3.05 2.75 1.71 1.81 1.92 2.03 2.13 

.Hotpepper 4.20 0.60 3.05 2.75 1.45 1.54 1.63 1.72 1.81 

.Lentil 0.06 0.00 4.69 
 

0.03 0.03 0.03 0.03 0.03 

.Lettuce 4.74 0.00 2.06 
 

0.97 1.03 1.10 1.16 1.22 

.Maize 9.41 0.00 2.01 
 

1.89 2.01 2.13 2.24 2.36 

.Olive 120.57 0.00 6.22 
 

74.93 79.62 84.30 88.98 93.67 

.Onionsdry 6.19 0.00 8.41 
 

5.20 5.53 5.85 6.18 6.51 

.Orange 13.23 0.00 11.33 
 

14.99 15.93 16.86 17.80 18.74 

.Oth_citrus 9.92 0.00 11.33 
 

11.24 11.94 12.65 13.35 14.05 

.Oth_forage 20.24 0.00 5.35 
 

10.83 11.50 12.18 12.86 13.53 

.Oth_fruit 7.06 0.00 7.63 
 

5.39 5.72 6.06 6.40 6.73 

.Oth_grain 1.86 0.00 2.34 
 

0.44 0.46 0.49 0.52 0.54 

.Oth_roots 1.03 0.00 5.84 
 

0.60 0.64 0.67 0.71 0.75 

.Oth_spiceg 3.00 0.00 5.15 
 

1.55 1.64 1.74 1.84 1.93 

.Oth_veg_lf 15.85 1.33 2.85 2.56 4.85 5.15 5.45 5.76 6.06 

.Peach_plus 13.30 0.00 7.26 
 

9.65 10.26 10.86 11.46 12.07 

.Potato 26.61 0.20 4.99 4.49 13.36 14.19 15.03 15.86 16.69 

.Pumpkin 15.60 2.60 2.03 1.83 3.64 3.87 4.10 4.33 4.55 

.Sesame 0.03 0.00 2.36 
 

0.01 0.01 0.01 0.01 0.01 

.Sorghum 0.90 0.00 2.22 
 

0.20 0.21 0.23 0.24 0.25 

.Strawberry 0.61 0.04 3.69 3.32 0.24 0.25 0.27 0.28 0.30 

.Sweetmelo

n 
4.13 0.88 2.86 2.58 1.41 

1.50 1.58 1.67 1.76 

.Tangerine 9.92 0.00 11.33 
 

11.24 11.94 12.65 13.35 14.05 

.Tobacco 0.26 0.00 2.66 
 

0.07 0.07 0.08 0.08 0.09 

.Tomato 70.92 6.27 4.22 3.80 32.33 34.35 36.37 38.39 40.41 

.Vetch 5.35 0.00 5.16 
 

2.76 2.93 3.10 3.27 3.44 

.Watermelo

n 
6.72 6.20 1.65 1.48 2.03 

2.15 2.28 2.41 2.53 

.Wheat 14.05 0.00 1.95 
 

2.74 2.91 3.08 3.25 3.42 

.Allcrops 480.69 31.97 
  

266.80 283.48 300.16 316.83 333.51 

Lebanon  

.Almond 0.82 0.00 6.89 
 

0.56 0.60 0.63 0.67 0.71 

.Apple_pea
r 

1.55 0.00 7.35 
 

1.14 
1.21 1.28 1.35 1.42 

.Barley 0.64 0.00 1.77 
 

0.11 0.12 0.13 0.14 0.14 

.Cabbage 0.01 0.11 4.38 3.76 0.05 0.05 0.05 0.06 0.06 

.Chickpea 0.19 0.01 1.64 
 

0.03 0.03 0.04 0.04 0.04 

.Cucumber 0.01 0.05 2.13 1.85 0.01 0.01 0.01 0.01 0.01 

.Eggplant 0.00 0.01 3.21 2.77 0.00 0.00 0.00 0.00 0.00 

.Fig 0.48 0.00 6.13 
 

0.29 0.31 0.33 0.35 0.37 

.Foddercor
n 

0.29 0.00 2.30 
 

0.07 
0.07 0.08 0.08 0.08 

.Grape 3.79 0.00 5.01 
 

1.90 2.02 2.14 2.25 2.37 

.Greenbean
s 

0.38 0.20 1.86 1.64 0.10 
0.11 0.12 0.12 0.13 

.Greenpepp 0.01 0.07 2.83 2.46 0.02 0.02 0.02 0.02 0.02 

.Lentil 0.14 0.01 4.21 
 

0.06 0.06 0.06 0.07 0.07 

.Lettuce 0.02 0.11 1.97 1.72 0.02 0.02 0.02 0.03 0.03 

.Luzerne 0.35 0.00 13.39 
 

0.47 0.50 0.52 0.55 0.58 

.Maize 0.18 0.00 1.74 
 

0.03 0.03 0.04 0.04 0.04 

.Olive 11.66 0.00 5.25 
 

6.12 6.50 6.88 7.26 7.65 

.Onionsdry 0.04 0.05 6.41 5.34 0.05 0.06 0.06 0.06 0.07 

.Orange 0.18 0.00 9.33 
 

0.17 0.18 0.19 0.20 0.21 

.Oth_citrus 0.39 0.00 9.33 
 

0.37 0.39 0.41 0.43 0.46 

.Oth_forage 0.18 0.00 4.37 
 

0.08 0.08 0.09 0.09 0.10 

.Oth_fruit 2.73 0.00 6.91 
 

1.88 2.00 2.12 2.24 2.36 

.Oth_grain 0.12 0.00 1.90 
 

0.02 0.02 0.03 0.03 0.03 

.Oth_indust 0.77 0.00 6.41 
 

0.49 0.53 0.56 0.59 0.62 

.Oth_roots 0.03 0.04 4.90 4.22 0.03 0.03 0.03 0.04 0.04 

.Oth_spicef 0.00 0.01 2.42 
 

0.00 0.00 0.00 0.00 0.00 

.Oth_spiceg 0.00 0.00 4.77 3.84 0.00 0.00 0.00 0.00 0.00 

.Oth_veg_lf 0.03 0.28 2.48 2.08 0.07 0.07 0.07 0.08 0.08 

.Peach_plus 2.16 0.00 6.84 
 

1.48 1.57 1.66 1.75 1.84 

.Potato 0.08 0.05 4.97 3.87 0.06 0.06 0.07 0.07 0.08 

.Pumpkin 0.01 0.04 1.94 1.70 0.01 0.01 0.01 0.01 0.01 
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Crops Crop Distribution  
km2 (=100 hectare) 

Crop Water Requirement 
(1000 m3 per hectare) 

Irrigation Water Requirement (MCM/year) based on Low 
Expansion Scenario (25% as 6.25% every 10 years) 

Irrigate
d 

Protecte
d 

Irrigated Protected 

Baseline 

Conditions 

(2010) 

2020 2030 2040 2050 

.Sesame 0.12 0.00 2.18 
 

0.03 0.03 0.03 0.03 0.03 

.Strawberry 0.00 0.01 3.47 2.97 0.00 0.00 0.00 0.00 0.00 

.Sweetmelo
n 

0.00 0.03 2.70 2.34 0.01 
0.01 0.01 0.01 0.01 

.Tobacco 0.72 0.00 2.45 
 

0.18 0.19 0.20 0.21 0.22 

.Tomato 0.01 0.08 3.97 3.42 0.03 0.03 0.03 0.04 0.04 

.Vetch 0.40 0.00 4.35 
 

0.18 0.19 0.20 0.21 0.22 

.Watermelo

n 
0.01 0.10 1.58 1.41 0.02 

0.02 0.02 0.02 0.02 

.Wheat 7.14 0.00 1.64 
 

1.17 1.24 1.31 1.39 1.46 

.Allcrops 35.65 1.26 
  

17.30 18.38 19.46 20.55 21.63 

Palestinian Authority  

.Almond 0.17 0.00 6.87 
 

0.11 0.12 0.13 0.14 0.14 

.Anise 0.00 0.00 4.44 
 

0.00 0.00 0.00 0.00 0.00 

.Apple_pea

r 
0.13 0.00 7.39 

 
0.10 

0.10 0.11 0.12 0.12 

.Banana 1.30 0.00 10.30 
 

1.34 1.42 1.51 1.59 1.67 

.Barley 0.04 0.00 4.89 
 

0.02 0.02 0.02 0.02 0.02 

.Cabbage 3.37 0.05 5.92 5.23 2.02 2.15 2.28 2.40 2.53 

.Chickpea 0.00 0.00 3.00 
 

0.00 0.00 0.00 0.00 0.00 

.Cucumber 8.65 5.27 3.75 3.40 5.04 5.35 5.67 5.98 6.30 

.Datefruit 5.86 0.00 7.50 
 

4.39 4.67 4.94 5.22 5.49 

.Eggplant 8.13 1.05 5.08 4.55 4.61 4.90 5.19 5.47 5.76 

.Fig 0.12 0.00 6.92 
 

0.08 0.09 0.09 0.10 0.10 

.Grape 0.59 0.00 5.01 
 

0.30 0.31 0.33 0.35 0.37 

.Greenbean
s 

4.52 1.51 3.34 3.01 1.96 
2.09 2.21 2.33 2.46 

.Greenpepp 0.77 0.90 4.28 3.86 0.68 0.72 0.76 0.80 0.85 

.Hotpepper 1.75 0.49 4.26 3.85 0.93 0.99 1.05 1.11 1.17 

.Lentil 0.00 0.00 5.74 
 

0.00 0.00 0.00 0.00 0.00 

.Lettuce 0.05 0.04 3.58 3.29 0.03 0.03 0.04 0.04 0.04 

.Luzerne 0.01 0.00 13.77 
 

0.01 0.01 0.01 0.01 0.01 

.Olive 2.54 0.00 5.99 
 

1.52 1.62 1.71 1.81 1.90 

.Onionsdry 1.42 0.00 8.02 
 

1.14 1.21 1.28 1.35 1.42 

.Orange 1.07 0.00 10.94 
 

1.17 1.24 1.31 1.39 1.46 

.Oth_citrus 1.65 0.00 11.01 
 

1.82 1.93 2.04 2.16 2.27 

.Oth_forage 0.04 0.00 5.14 
 

0.02 0.02 0.02 0.02 0.03 

.Oth_fruit 0.44 0.00 7.28 
 

0.32 0.34 0.36 0.38 0.40 

.Oth_grain 0.87 0.00 2.41 
 

0.21 0.22 0.24 0.25 0.26 

.Oth_pulses 0.04 0.00 2.86 
 

0.01 0.01 0.01 0.01 0.01 

.Oth_roots 1.00 0.00 5.56 5.01 0.56 0.59 0.63 0.66 0.70 

.Oth_spicef 0.34 0.00 2.97 
 

0.10 0.11 0.11 0.12 0.13 

.Oth_spiceg 0.11 0.05 5.59 5.04 0.09 0.09 0.10 0.10 0.11 

.Oth_veg_lf 9.54 2.16 3.02 2.72 3.47 3.68 3.90 4.12 4.33 

.Peach_plus 0.06 0.00 7.04 
 

0.04 0.05 0.05 0.05 0.05 

.Potato 8.06 0.01 4.76 4.28 3.85 4.09 4.33 4.57 4.81 

.Pumpkin 8.65 9.62 3.58 3.23 6.21 6.60 6.98 7.37 7.76 

.Sesame 0.00 0.00 3.82 
 

0.00 0.00 0.00 0.00 0.00 

.Sorghum 1.42 0.00 2.30 
 

0.33 0.35 0.37 0.39 0.41 

.Sweetmelo

n 
0.73 0.48 4.54 4.03 0.52 

0.56 0.59 0.62 0.66 

.Tangerine 0.21 0.00 10.90 
 

0.23 0.24 0.25 0.27 0.28 

.Tomato 4.22 3.27 5.87 5.24 4.19 4.45 4.71 4.97 5.24 

.Vetch 0.00 0.00 
  

0.00 0.00 0.00 0.00 0.00 

.Watermelo

n 
0.15 0.03 3.16 2.85 0.06 

0.06 0.06 0.07 0.07 

.Wheat 0.21 0.00 2.02 
 

0.04 0.05 0.05 0.05 0.05 

.Allcrops 78.24 24.91 
  

47.51 50.48 53.45 56.42 59.39 

Syria  

.Almond 7.24 0.00 7.61  5.51 5.85 6.20 6.54 6.89 

.Anise 3.05 0.00 4.83  1.47 1.57 1.66 1.75 1.84 

.Apple_pea

r 

8.08 0.00 8.09  6.53 6.94 7.35 7.76 8.16 

.Banana 0.00 0.00 10.82  0.00 0.00 0.00 0.00 0.00 

.Barley 69.22 0.00 5.06  35.01 37.20 39.39 41.58 43.77 

.Cabbage 0.65 0.00 5.45 4.93 0.36 0.38 0.40 0.42 0.44 
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Crops Crop Distribution  
km2 (=100 hectare) 

Crop Water Requirement 
(1000 m3 per hectare) 

Irrigation Water Requirement (MCM/year) based on Low 
Expansion Scenario (25% as 6.25% every 10 years) 

Irrigate
d 

Protecte
d 

Irrigated Protected 

Baseline 

Conditions 

(2010) 

2020 2030 2040 2050 

.Chickpea 3.10 0.00 3.35  1.04 1.10 1.17 1.23 1.30 

.Cucumber 1.73 0.01 4.15 3.76 0.72 0.77 0.81 0.86 0.90 

.Datefruit 0.05 0.00 8.07  0.04 0.05 0.05 0.05 0.06 

.Eggplant 1.11 0.01 5.13 4.65 0.57 0.61 0.64 0.68 0.71 

.Fig 1.43 0.00 7.58  1.08 1.15 1.22 1.29 1.36 

.Grape 7.70 0.00 5.43  4.18 4.44 4.70 4.96 5.23 

.Greenbean
s 

1.59 0.01 3.60 3.26 0.58 0.61 0.65 0.68 0.72 

.Greenpepp 0.71 0.00 4.10 3.71 0.29 0.31 0.33 0.35 0.37 

.Groundnut 0.21 0.00 4.94  0.11 0.11 0.12 0.12 0.13 

.Hotpepper 0.09 0.00 4.10 3.71 0.04 0.04 0.04 0.05 0.05 

.Lentil 5.94 0.00 5.72  3.40 3.61 3.83 4.04 4.25 

.Lettuce 0.43 0.00 3.96 3.60 0.17 0.18 0.19 0.20 0.21 

.Maize 1.72 0.00 4.51  0.78 0.82 0.87 0.92 0.97 

.Olive 95.42 0.00 6.52  62.17 66.06 69.94 73.83 77.72 

.Onionsdry 0.88 0.01 6.74 6.10 0.59 0.63 0.67 0.71 0.74 

.Orange 3.42 0.00 11.85  4.05 4.30 4.56 4.81 5.06 

.Oth_citrus 2.22 0.00 11.85  2.63 2.79 2.95 3.12 3.28 

.Oth_forage 0.00 0.00 5.13  0.00 0.00 0.00 0.00 0.00 

.Oth_fruit 5.28 0.00 8.01  4.23 4.49 4.75 5.02 5.28 

.Oth_grain 0.07 0.00 1.95  0.01 0.01 0.01 0.02 0.02 

.Oth_nuts 0.50 0.00 9.13  0.46 0.49 0.51 0.54 0.57 

.Oth_oilsd 0.03 0.00 6.08  0.02 0.02 0.02 0.02 0.02 

.Oth_pulses 1.17 0.00 3.42  0.40 0.42 0.45 0.47 0.50 

.Oth_spiceg 0.82 0.01 5.27 4.77 0.44 0.46 0.49 0.52 0.55 

.Oth_veg_lf 5.60 0.04 3.08 2.80 1.74 1.85 1.96 2.06 2.17 

.Peach_plus 3.63 0.00 7.61  2.76 2.93 3.11 3.28 3.45 

.Pistachio 5.55 0.00 9.13  5.06 5.38 5.70 6.01 6.33 

.Potato 5.11 0.00 5.30  2.71 2.88 3.05 3.22 3.39 

.Pumpkin 1.34 0.01 3.97 3.60 0.54 0.57 0.60 0.64 0.67 

.Sesame 0.31 0.00 4.38  0.13 0.14 0.15 0.16 0.17 

.Sorghum 0.06 0.00 1.82  0.01 0.01 0.01 0.01 0.01 

.Soybean 0.10 0.00 3.32  0.03 0.03 0.04 0.04 0.04 

.Sunflower 0.35 0.00 5.20  0.18 0.19 0.20 0.21 0.23 

.Sweetmelo

n 

0.79 0.01 4.69 4.25 0.37 0.40 0.42 0.44 0.47 

.Tangerine 0.19 0.00 11.85  0.23 0.24 0.26 0.27 0.28 

.Tobacco 0.59 0.00 4.72  0.28 0.29 0.31 0.33 0.35 

.Tomato 2.72 0.02 5.73 5.18 1.57 1.67 1.76 1.86 1.96 

.Vetch 0.80 0.00 5.06  0.40 0.43 0.45 0.48 0.50 

.Watermelo

n 

4.02 0.03 3.56 3.23 1.44 1.53 1.62 1.71 1.80 

.Wheat 72.51 0.00 1.72  12.47 13.25 14.03 14.81 15.59 

.Allcrops 327.52 0.15   166.81 177.23 187.66 198.09 208.51 

Golan Heights  

.Almond 1.44 0.00 6.34 
 

0.91 0.97 1.02 1.08 1.14 

.Apple_pea

r 
3.17 0.00 6.67 

 
2.11 

2.24 2.37 2.51 2.64 

.Avocado 4.71 0.00 7.67 
 

3.62 3.84 4.07 4.29 4.52 

.Banana 1.62 0.00 9.13 
 

1.48 1.57 1.67 1.76 1.85 

.Barley 0.82 0.00 2.12 
 

0.17 0.18 0.20 0.21 0.22 

.Cabbage 0.31 0.06 5.35 4.82 0.20 0.21 0.22 0.23 0.25 

.Chickpea 0.68 0.00 2.83 
 

0.19 0.20 0.22 0.23 0.24 

.Cotton 0.60 0.00 6.69 
 

0.40 0.43 0.45 0.48 0.50 

.Cucumber 0.10 0.02 3.52 3.17 0.04 0.04 0.05 0.05 0.05 

.Datefruit 3.59 0.00 6.65 
 

2.39 2.54 2.69 2.84 2.99 

.Eggplant 0.05 0.01 4.63 4.17 0.03 0.03 0.03 0.04 0.04 

.Fig 0.50 0.00 6.23 
 

0.31 0.33 0.35 0.37 0.39 

.Grape 4.11 0.00 4.41 
 

1.81 1.93 2.04 2.15 2.27 

.Greenbean
s 

0.32 0.06 3.12 2.81 0.12 
0.13 0.13 0.14 0.15 

.Greenpepp 0.42 0.08 3.91 3.52 0.19 0.21 0.22 0.23 0.24 

.Groundnut 0.43 0.00 4.46 
 

0.19 0.21 0.22 0.23 0.24 

.Lentil 0.02 0.00 5.51 
 

0.01 0.01 0.01 0.01 0.01 

.Lettuce 0.11 0.02 3.33 2.99 0.04 0.05 0.05 0.05 0.05 

.Maize 0.46 0.00 4.16 
 

0.19 0.20 0.21 0.23 0.24 
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Crops Crop Distribution  
km2 (=100 hectare) 

Crop Water Requirement 
(1000 m3 per hectare) 

Irrigation Water Requirement (MCM/year) based on Low 
Expansion Scenario (25% as 6.25% every 10 years) 

Irrigate
d 

Protecte
d 

Irrigated Protected 

Baseline 

Conditions 

(2010) 

2020 2030 2040 2050 

.Olive 17.95 0.00 5.40 
 

9.70 10.30 10.91 11.51 12.12 

.Onionsdry 0.26 0.05 7.38 6.64 0.23 0.24 0.26 0.27 0.28 

.Orange 1.48 0.00 9.96 
 

1.48 1.57 1.66 1.75 1.84 

.Oth_citrus 1.95 0.00 9.96 
 

1.94 2.06 2.19 2.31 2.43 

.Oth_fruit 9.03 0.00 6.63 
 

5.99 6.36 6.74 7.11 7.49 

.Oth_grain 0.12 0.00 2.08 
 

0.03 0.03 0.03 0.03 0.03 

.Oth_nuts 1.01 0.00 7.53 
 

0.76 0.80 0.85 0.90 0.95 

.Oth_oilsd 0.53 0.00 6.01 
 

0.32 0.34 0.36 0.38 0.40 

.Oth_pulses 0.66 0.00 2.71 
 

0.18 0.19 0.20 0.21 0.22 

.Oth_roots 0.06 0.00 5.21 
 

0.03 0.03 0.04 0.04 0.04 

.Oth_veg_lf 2.21 0.44 2.94 2.65 0.77 0.81 0.86 0.91 0.96 

.Peach_plus 3.24 0.00 6.34 
 

2.05 2.18 2.31 2.44 2.57 

.Potato 1.87 0.00 4.50 
 

0.84 0.90 0.95 1.00 1.05 

.Pumpkin 0.03 0.01 3.32 2.99 0.01 0.01 0.01 0.01 0.01 

.Sesame 0.00 0.00 3.72 
 

0.00 0.00 0.00 0.00 0.00 

.Sorghum 1.01 0.00 1.97 
 

0.20 0.21 0.22 0.24 0.25 

.Strawberry 0.05 0.01 4.51 4.06 0.03 0.03 0.03 0.03 0.03 

.Sunflower 0.45 0.00 4.68 
 

0.21 0.22 0.24 0.25 0.26 

.Sweetmelo
n 

0.12 0.02 4.12 3.71 0.06 
0.06 0.06 0.07 0.07 

.Tangerine 1.89 0.00 9.96 
 

1.88 2.00 2.12 2.24 2.35 

.Tomato 0.46 0.09 5.33 4.80 0.29 0.31 0.33 0.35 0.36 

.Watermelo
n 

0.76 0.15 2.94 2.65 0.26 
0.28 0.30 0.31 0.33 

.Wheat 9.93 0.00 1.74 
 

1.73 1.84 1.95 2.05 2.16 

.Allcrops 78.55 1.03 
  

43.40 46.11 48.82 51.54 54.25 

* Crop distribution and crop water requirements are adopted from SIDA (2016), which is the “FEM21-02” baseline data. 
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ANNEX 7: JRB WATER SUPPLY AND DEMAND BALANCE 

BY RIPARIAN COUNTRY 

Table A7.1. Water Balance results for scenario 1 by riparian country 

Parameter Riparian Year 
2010 2020 2030 2040 2050 

Scenario 1 - Baseline Conditions to persist the same into the future 
Within basin population 
by riparian country 
(Number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 
J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 
P 568,140 756,152 1,006,382 1,339,419 1,782,668 
S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 
Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 105.0 128.0 156.1 
J 265.7 336.8 426.9 541.2 686.0 
L 9.6 10.8 12.2 13.7 15.5 
P 14.9 19.9 26.4 35.2 46.8 
S 93.3 120.6 155.9 201.5 260.5 
GH 7.0 9.1 11.8 15.2 19.6 
Sub-total 461.2 583.3 738.2 934.8 1,184.5 

Industrial Demand 
(MCM/year) 

I 5.1 6.2 7.5 9.2 11.2 
J 9.0 11.4 14.5 18.4 23.3 
L 2.9 3.3 3.7 4.2 4.7 
P 4.8 6.4 8.5 11.3 15.0 
S 28.7 37.1 47.9 61.9 80.0 
GH 0.5 0.7 0.9 1.1 1.4 
Sub-total 51.0 65.0 83.0 106.0 135.7 

Agricultural Demand 
(MCM/year) 

I 172.9 173.2 173.4 173.5 173.7 
J 354.9 356.6 358.2 360.1 362.3 
L 35.0 35.1 35.2 35.3 35.4 
P 60.7 61.0 61.3 61.7 62.1 
S 337.5 338.5 339.4 340.4 341.7 
GH 55.0 55.0 55.1 55.1 55.1 
Sub-total 1,016.1 1,019.5 1,022.5 1,026.1 1,030.3 

Total Water Demand 
(MCM/year) 

I 248.7 265.6 285.9 310.7 341.0 
J 629.6 704.8 799.6 919.6 1,071.6 
L 47.5 49.2 51.0 53.2 55.5 
P 80.4 87.3 96.3 108.2 124.0 
S 459.5 496.1 543.2 603.8 682.2 
GH 62.5 64.8 67.7 71.4 76.2 
Total 1,528.3 1,667.8 1,843.7 2,066.9 2,350.5 

Existing Natural Water 
Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 
J 343.6 343.6 343.6 343.6 343.6 
L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 
S 510.6 510.6 510.6 510.6 510.6 
GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 
Resources (MCM/year) 

I 21.5 2.0 18.9 39.7 64.9 
J 138.2 328.3 364.3 410.0 468.0 
L 0.9 0.9 0.9 0.9 0.9 
P 3.8 33.8 33.8 33.8 33.8 
S 57.2 52.9 67.0 85.3 108.8 
GH 5.5 11.9 14.3 17.4 21.4 
Sub-total 227.2 429.8 499.3 587.1 697.9 

Total Water Supply 
(MCM/year) 

I -42.0 -61.5 -44.6 -23.8 1.4 
J 481.8 671.8 707.9 753.6 811.5 
L 185.5 185.5 185.5 185.5 185.5 
P 243.9 273.9 273.9 273.9 273.9 
S 567.8 563.5 577.6 595.9 619.4 
GH 402.6 409.0 411.4 414.5 418.5 
Total 1,839.5 2,042.1 2,111.7 2,199.4 2,310.2 

Water Balance by 
country of JRB 
(MCM/year) 

I -290.6 -327.1 -330.5 -334.6 -339.6 
J -147.9 -33.0 -91.7 -166.1 -260.1 
L 138.0 136.3 134.4 132.3 129.9 
P 163.4 186.6 177.6 165.7 149.9 
S 108.3 67.4 34.5 -8.0 -62.7 
GH 340.0 344.2 343.7 343.1 342.3 
Basin 311.2 374.4 268.0 132.5 -40.3 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.2. Water Balance results for scenario 2.i by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 2.i – Improving irrigation efficiency without any expansion in irrigated areas 

Within basin population 

by riparian country 
(Number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 

L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 

GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 

(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 

J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 

S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 

P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 

Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 
(MCM/year) 

I 172.9 172.1 172.2 172.4 172.6 

J 354.9 334.0 335.6 337.5 339.7 

L 35.0 35.1 29.4 25.4 22.4 

P 60.7 61.0 61.3 61.7 62.1 

S 337.5 338.5 283.8 245.1 216.6 

GH 55.0 55.0 55.1 55.1 55.1 

Sub-total 1,016.1 995.7 937.4 897.1 868.4 

Total Water Demand 
(MCM/year) 

I 248.7 269.7 267.1 286.2 309.1 

J 629.6 730.4 1,182.6 1,349.8 1,554.4 

L 47.5 48.9 42.9 40.4 39.1 

P 80.4 85.7 162.4 196.1 241.1 

S 459.5 530.2 530.1 515.0 560.9 

GH 62.5 64.8 65.4 68.4 72.3 

Total 1,528.3 1,729.6 2,250.5 2,456.1 2,776.8 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 

P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 

Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 2.0 -1.0 15.3 35.2 

J 138.2 395.6 658.2 745.8 852.4 

L 0.9 7.4 8.1 9.0 10.0 

P 3.8 45.8 88.9 107.2 131.4 

S 57.2 77.0 137.9 149.9 192.5 

GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 539.7 904.1 1,041.7 1,239.2 

Total Water Supply 

(MCM/year) 

I 333.0 313.5 310.5 326.8 346.7 

J 481.8 739.2 1,001.8 1,089.3 1,195.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 285.8 329.0 347.2 371.5 

S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,527.0 2,891.5 3,029.0 3,226.5 

Water Balance by 
country of JRB 

(MCM/year) 

I 84.4 43.8 43.3 40.6 37.6 

J -147.9 8.8 -180.8 -260.5 -358.5 

L 138.0 143.1 149.8 153.2 155.5 

P 163.4 200.1 166.6 151.1 130.4 

S 108.3 57.4 118.4 145.5 142.2 

GH 340.0 344.2 343.8 343.2 342.4 

Total 686.2 797.4 641.0 573.0 449.7 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.3. Water Balance results for scenario 2.ii by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 2.ii – Changing cropping pattern without any expansion in irrigated areas 

Within basin population 

by riparian country 
(Number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 
J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 
S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 
P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 
Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 

(MCM/year) 

I 172.9 166.6 166.7 166.9 167.0 

J 354.9 343.2 344.8 346.6 348.9 
L 35.0 33.1 33.2 33.3 33.4 

P 60.7 59.9 60.2 60.6 61.0 

S 337.5 333.1 334.0 335.1 336.3 
GH 55.0 53.1 53.2 53.2 53.2 

Sub-total 1,016.1 989.1 992.1 995.7 999.9 

Total Water Demand 
(MCM/year) 

I 248.7 264.2 261.6 280.7 303.5 
J 629.6 739.6 1,191.8 1,359.0 1,563.6 

L 47.5 46.9 46.7 48.3 50.1 

P 80.4 84.6 161.3 195.0 240.0 
S 459.5 524.9 580.3 605.0 680.6 

GH 62.5 62.9 63.5 66.5 70.4 

Total 1,528.3 1,723.0 2,305.2 2,554.6 2,908.2 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 2.0 -1.0 15.3 35.2 

J 138.2 395.6 658.2 745.8 852.4 
L 0.9 7.4 8.1 9.0 10.0 

P 3.8 45.8 88.9 107.2 131.4 

S 57.2 77.0 137.9 149.9 192.5 
GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 539.7 904.1 1,041.7 1,239.2 

Total Water Supply 
(MCM/year) 

I 333.0 313.5 310.5 326.8 346.7 
J 481.8 739.2 1,001.8 1,089.3 1,195.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 285.8 329.0 347.2 371.5 
S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,527.0 2,891.5 3,029.0 3,226.5 

Water Balance by 

country of JRB 

(MCM/year) 

I 84.4 49.3 48.8 46.1 43.1 

J -147.9 -0.4 -190.0 -269.7 -367.6 

L 138.0 145.0 145.9 145.2 144.5 

P 163.4 201.2 167.7 152.2 131.5 
S 108.3 62.8 68.2 55.5 22.5 

GH 340.0 346.1 345.7 345.1 344.3 
Total 686.2 804.0 586.3 474.4 318.3 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.4. Water Balance results for scenario 2.iii by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 2.iii – Water supply and demand management measures without any expansion in irrigated areas 

Within basin population 

by riparian country 
(Number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 
J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 
S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 
P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 
Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 

(MCM/year) 

I 172.9 165.5 165.6 165.8 165.9 

J 354.9 321.4 323.0 324.9 327.1 
L 35.0 33.1 27.8 24.0 21.2 

P 60.7 59.9 60.2 60.6 61.0 

S 337.5 333.1 279.3 241.3 213.2 
GH 55.0 53.1 53.2 53.2 53.2 

Sub-total 1,016.1 966.2 909.1 869.7 841.7 

Total Water Demand 
(MCM/year) 

I 248.7 263.1 260.5 279.6 302.4 
J 629.6 717.8 1,170.0 1,337.3 1,541.8 

L 47.5 46.9 41.3 39.0 37.9 

P 80.4 84.6 161.3 195.0 240.0 
S 459.5 524.9 525.6 511.2 557.5 

GH 62.5 62.9 63.5 66.5 70.4 

Total 1,528.3 1,700.2 2,222.2 2,428.7 2,750.0 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 62.0 59.0 91.9 125.2 

J 138.2 625.6 968.2 1,132.4 1,342.4 
L 0.9 7.4 8.1 9.0 10.0 

P 3.8 105.8 148.9 183.8 221.4 

S 57.2 77.0 137.9 149.9 192.5 
GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 889.7 1,334.1 1,581.7 1,909.2 

Total Water Supply 
(MCM/year) 

I 333.0 373.5 370.5 403.4 436.7 
J 481.8 969.2 1,311.8 1,476.0 1,685.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 345.8 389.0 423.9 461.5 
S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,877.0 3,321.5 3,569.0 3,896.5 

Water Balance by 

country of JRB 

(MCM/year) 

I 84.4 110.4 109.9 123.8 134.2 

J -147.9 251.4 141.7 138.7 144.1 

L 138.0 145.0 151.4 154.6 156.7 

P 163.4 261.2 227.7 228.8 221.5 
S 108.3 62.8 122.9 149.3 145.5 

GH 340.0 346.1 345.7 345.1 344.3 
Total 686.2 1,176.9 1,099.3 1,140.4 1,146.5 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.5. Water Balance results for scenario 3.i by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 3.i – 25% Irrigated Agricultural Areas Expansion with improving irrigation efficiency 

Within basin population 

by riparian country 
(number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 
J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 
S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 
P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 
Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 

(MCM/year) 

I 172.9 182.5 193.1 203.7 214.3 

J 354.9 354.3 376.3 398.5 421.0 
L 35.0 37.2 33.0 30.0 27.8 

P 60.7 64.8 68.8 72.8 77.0 

S 337.5 359.3 318.5 289.8 268.7 
GH 55.0 58.4 61.8 65.3 68.7 

Sub-total 1,016.1 1,056.6 1,051.5 1,060.1 1,077.5 

Total Water Demand 
(MCM/year) 

I 248.7 280.1 288.0 317.6 350.8 
J 629.6 750.7 1,223.3 1,410.9 1,635.7 

L 47.5 51.1 46.5 45.0 44.5 

P 80.4 89.4 169.8 207.3 255.9 
S 459.5 551.1 564.8 559.7 613.0 

GH 62.5 68.2 72.1 78.6 85.9 

Total 1,528.3 1,790.5 2,364.6 2,619.0 2,985.9 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 2.0 -1.0 15.3 35.2 

J 138.2 395.6 658.2 745.8 852.4 
L 0.9 7.4 8.1 9.0 10.0 

P 3.8 45.8 88.9 107.2 131.4 

S 57.2 77.0 137.9 149.9 192.5 
GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 539.7 904.1 1,041.7 1,239.2 

Total Water Supply 
(MCM/year) 

I 333.0 313.5 310.5 326.8 346.7 
J 481.8 739.2 1,001.8 1,089.3 1,195.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 285.8 329.0 347.2 371.5 
S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,527.0 2,891.5 3,029.0 3,226.5 

Water Balance by 

country of JRB 

(MCM/year) 

I 84.4 33.4 22.4 9.2 -4.1 

J -147.9 -11.6 -221.5 -321.5 -439.8 

L 138.0 140.9 146.2 148.5 150.1 

P 163.4 196.4 159.2 139.9 115.6 
S 108.3 36.6 83.6 100.8 90.1 

GH 340.0 340.8 337.0 333.0 328.9 
Total 686.2 736.5 526.9 410.0 240.7 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.6. Water Balance results for scenario 3.ii by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 3.ii – 25% Irrigated Agricultural Areas Expansion with changing cropping pattern 

Within basin population 

by riparian country 
(number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 
J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 
S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 
P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 
Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 

(MCM/year) 

I 172.9 176.7 186.9 197.2 207.4 

J 354.9 364.1 386.6 409.4 432.5 
L 35.0 35.2 37.3 39.4 41.6 

P 60.7 63.6 67.5 71.5 75.6 

S 337.5 353.6 375.0 396.6 418.4 
GH 55.0 56.4 59.7 63.0 66.3 

Sub-total 1,016.1 1,049.5 1,113.1 1,177.1 1,241.8 

Total Water Demand 
(MCM/year) 

I 248.7 274.2 281.8 311.0 343.9 
J 629.6 760.5 1,233.6 1,421.8 1,647.2 

L 47.5 49.0 50.8 54.4 58.3 

P 80.4 88.2 168.5 206.0 254.5 
S 459.5 545.4 621.3 666.6 762.7 

GH 62.5 66.2 70.0 76.3 83.5 

Total 1,528.3 1,783.5 2,426.1 2,736.1 3,150.2 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 2.0 -1.0 15.3 35.2 

J 138.2 395.6 658.2 745.8 852.4 
L 0.9 7.4 8.1 9.0 10.0 

P 3.8 45.8 88.9 107.2 131.4 

S 57.2 77.0 137.9 149.9 192.5 
GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 539.7 904.1 1,041.7 1,239.2 

Total Water Supply 
(MCM/year) 

I 333.0 313.5 310.5 326.8 346.7 
J 481.8 739.2 1,001.8 1,089.3 1,195.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 285.8 329.0 347.2 371.5 
S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,527.0 2,891.5 3,029.0 3,226.5 

Water Balance by 

country of JRB 

(MCM/year) 

I 84.4 39.2 28.6 15.8 2.8 

J -147.9 -21.3 -231.8 -332.4 -451.3 

L 138.0 143.0 141.9 139.1 136.3 

P 163.4 197.6 160.4 141.2 117.0 
S 108.3 42.2 27.1 -6.0 -59.6 

GH 340.0 342.8 339.1 335.3 331.2 
Total 686.2 743.5 465.3 293.0 76.3 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.7. Water Balance results for scenario 3.iii by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 3.iii – 25% Irrigated Agricultural Areas Expansion with water supply and demand management measures 

Within basin population 

by riparian country 
(number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 82.8 101.0 123.1 
J 265.7 336.8 774.4 920.4 1,098.1 

L 9.6 10.8 11.9 13.5 15.2 

P 14.9 19.9 91.8 122.2 162.7 
S 93.3 120.6 222.0 242.1 313.0 

GH 7.0 9.1 9.3 12.0 15.5 

Sub-total 461.2 583.3 1,192.3 1,411.1 1,727.4 

Industrial Demand 

(MCM/year) 

I 5.1 11.4 12.1 12.9 13.4 

J 9.0 59.6 72.6 92.0 116.7 

L 2.9 3.0 1.5 1.5 1.5 
P 4.8 4.8 9.2 12.2 16.3 

S 28.7 71.1 24.3 27.8 31.3 

GH 0.5 0.7 1.0 1.3 1.7 
Sub-total 51.0 150.6 120.8 147.8 180.9 

Agricultural Demand 

(MCM/year) 

I 172.9 170.5 180.5 190.5 200.6 

J 354.9 332.3 351.9 371.4 391.0 
L 35.0 34.7 30.6 27.7 25.5 

P 60.7 61.9 65.6 69.2 72.9 

S 337.5 348.8 307.7 278.4 256.5 
GH 55.0 55.6 58.9 62.2 65.4 

Sub-total 1,016.1 1,003.8 995.2 999.5 1,011.8 

Total Water Demand 
(MCM/year) 

I 248.7 268.1 275.4 304.4 337.1 
J 629.6 728.7 1,198.9 1,383.8 1,605.7 

L 47.5 48.5 44.1 42.7 42.2 

P 80.4 86.6 166.6 203.7 251.8 
S 459.5 540.5 554.1 548.4 600.7 

GH 62.5 65.4 69.2 75.5 82.7 

Total 1,528.3 1,737.8 2,308.3 2,558.4 2,920.2 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 62.0 59.0 91.9 125.2 

J 138.2 625.6 968.2 1,132.4 1,342.4 
L 0.9 7.4 8.1 9.0 10.0 

P 3.8 105.8 148.9 183.8 221.4 

S 57.2 77.0 137.9 149.9 192.5 
GH 5.5 11.9 12.0 14.5 17.6 

Sub-total 227.2 889.7 1,334.1 1,581.7 1,909.2 

Total Water Supply 
(MCM/year) 

I 333.0 373.5 370.5 403.4 436.7 
J 481.8 969.2 1,311.8 1,476.0 1,685.9 

L 185.5 192.0 192.7 193.6 194.6 

P 243.9 345.8 389.0 423.9 461.5 
S 567.8 587.6 648.5 660.5 703.1 

GH 402.6 409.0 409.1 411.6 414.7 

Total 2,214.5 2,877.0 3,321.5 3,569.0 3,896.5 

Water Balance by 

country of JRB 

(MCM/year) 

I 84.4 105.4 95.0 99.1 99.6 

J -147.9 240.4 112.8 92.2 80.2 

L 138.0 143.5 148.5 150.9 152.4 

P 163.4 259.2 222.4 220.2 209.7 
S 108.3 47.1 94.4 112.2 102.3 

GH 340.0 343.6 339.9 336.1 332.1 
Total 686.2 1,139.2 1,013.2 1,010.6 976.3 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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Table A7.8. Water Balance results for scenario 4 by riparian country 

Parameter Riparian Year 

2010 2020 2030 2040 2050 

Scenario 4 – 25% Expansion in Irrigated Agricultural Areas under “Business As Usual” conditions 

Within basin population 

by riparian country 
(number) 

I 687,228 837,727 1,021,185 1,244,818 1,517,427 

J 4,951,358 6,276,592 7,956,526 10,086,094 12,785,644 
L 103,125 116,190 130,911 147,496 166,183 

P 568,140 756,152 1,006,382 1,339,419 1,782,668 

S 1,228,588 1,588,107 2,052,832 2,653,549 3,430,052 
GH 68,371 88,378 114,240 147,670 190,883 

Total 7,606,810 9,663,147 12,282,076 15,619,047 19,872,855 

Municipal Demand 
(MCM/year) 

I 70.7 86.2 105.0 128.0 156.1 
J 265.7 336.8 426.9 541.2 686.0 

L 9.6 10.8 12.2 13.7 15.5 

P 14.9 19.9 26.4 35.2 46.8 
S 93.3 120.6 155.9 201.5 260.5 

GH 7.0 9.1 11.8 15.2 19.6 

Sub-total 461.2 583.3 738.2 934.8 1,184.5 

Industrial Demand 

(MCM/year) 

I 5.1 6.2 7.5 9.2 11.2 

J 9.0 11.4 14.5 18.4 23.3 

L 2.9 3.3 3.7 4.2 4.7 
P 4.8 6.4 8.5 11.3 15.0 

S 28.7 37.1 47.9 61.9 80.0 

GH 0.5 0.7 0.9 1.1 1.4 
Sub-total 51.0 65.0 83.0 106.0 135.7 

Agricultural Demand 

(MCM/year) 

I 172.9 183.7 194.4 205.1 215.7 

J 354.9 378.4 401.7 425.3 449.3 
L 35.0 37.2 39.5 41.8 44.0 

P 60.7 64.8 68.8 72.8 77.0 

S 337.5 359.3 381.1 403.0 425.1 
GH 55.0 58.4 61.8 65.3 68.7 

Sub-total 1,016.1 1,081.9 1,147.3 1,213.2 1,279.8 

Total Water Demand 
(MCM/year) 

I 248.7 276.1 307.0 342.3 383.0 
J 629.6 726.6 843.1 984.9 1,158.6 

L 47.5 51.3 55.4 59.6 64.2 

P 80.4 91.0 103.7 119.3 138.8 
S 459.5 517.0 584.9 666.4 765.6 

GH 62.5 68.2 74.5 81.6 89.7 

Total 1,528.3 1,730.1 1,968.4 2,254.1 2,600.0 

Existing Natural Water 

Supply (MCM/year) 

I 311.5 311.5 311.5 311.5 311.5 

J 343.6 343.6 343.6 343.6 343.6 

L 184.6 184.6 184.6 184.6 184.6 
P 240.1 240.1 240.1 240.1 240.1 

S 510.6 510.6 510.6 510.6 510.6 

GH 397.1 397.1 397.1 397.1 397.1 
Sub-total 1,987.4 1,987.4 1,987.4 1,987.4 1,987.4 

Non-Conventional 

Resources (MCM/year) 

I 21.5 2.0 18.9 39.7 64.9 

J 138.2 328.3 364.3 410.0 468.0 
L 0.9 0.9 0.9 0.9 0.9 

P 3.8 33.8 33.8 33.8 33.8 

S 57.2 52.9 67.0 85.3 108.8 
GH 5.5 11.9 14.3 17.4 21.4 

Sub-total 227.2 429.8 499.3 587.1 697.9 

Total Water Supply 
(MCM/year) 

I -42.0 -61.5 -44.6 -23.8 1.4 
J 481.8 671.8 707.9 753.6 811.5 

L 185.5 185.5 185.5 185.5 185.5 

P 243.9 273.9 273.9 273.9 273.9 
S 567.8 563.5 577.6 595.9 619.4 

GH 402.6 409.0 411.4 414.5 418.5 

Total 1,839.5 2,042.1 2,111.7 2,199.4 2,310.2 

Water Balance by 

country of JRB 

(MCM/year) 

I -290.6 -337.6 -351.5 -366.1 -381.6 

J -147.9 -54.8 -135.2 -231.3 -347.1 

L 138.0 134.2 130.1 125.8 121.3 

P 163.4 182.9 170.2 154.6 135.0 
S 108.3 46.5 -7.2 -70.5 -146.1 

GH 340.0 340.8 336.9 332.9 328.7 
Total 311.2 312.0 143.3 -54.6 -289.8 

* I: Israel J: Jordan L: Lebanon P: Palestine S: Syria GH: Golan Heights 
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