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ABSTRACT

In this paper, the potential for conflict in the Middle East due to the depleting of regional water
reserves is explored, and the implications for regional policy making, in the light of other tensions, are
investigated. The authors use system dynamics to develop a model for water resources management
and explore via simulation issues that emerge as important in order to highlight required policies.
This analysis validates part of the existing thinking and policies in place and signifies further the
need for transboundary cooperation and emphasis on areas that may not be viewed traditionally as
key priorities (e.g., demand management, as opposed to continuity of supply).
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INTRODUCTION

There is increasing realization amongst the international community that water scarcity can have impact
over countries’ security and overall stability. Several factors affect the amount of water available on
the planet such as variation of natural phenomena, population boom, as well as political instability
in several countries. The process of climate change is also a major driver for physical and political
developments related to natural resources, including water (Naugle et al., 2019). According to the FAO
(2012) estimates, the rate of water use is doubling the rate of population growth worldwide, while the
number of areas approaching ‘risk limit’ of water scarcity are increasing. Recent studies conducted
by the UN research group on demand projections indicated that demand on water is anticipated to
raise noticeably by almost 40% above the amount of water available in the coming two decades
(Rapacioli and Malone, 2012). When assessed in conjunction with the rising drought conditions, the
variability in rainfall caused by climate change (Abdulla et al. 2018, Givatia et al. 2019), as well as
other uncontrollable factors such as intractable conflicts and refugees flows (Hussein et al. 2020),
demand is further expected to rise. This would impose higher stress on water resources; thus, triggering
tension among countries that share water bodies. In this context, several studies in the literature
acknowledge that hydro-political conflict existed throughout history. Wolf et al. (2003b) found that
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little incidents were turned into a serious ‘water war’ condition. A number of real-life case studies,
instead, presented good examples on how tension and dispute turned into productive tool to achieve
sustainability in water supply. Wolf et al. (2003b); yet, argued that tension can still be identified.

Water and water-related challenges draw significant attention amongst politicians worldwide as
a main subject on top of their agendas. The former UN Secretary General Kofi Anan, for instance,
stressed in many locations that the potential of conflict over fresh water and ‘water—wars’ are
anticipated as they are driven by fierce competition over water resources (Carius et al., 2004). The
late King Hussein of Jordan also warned that water is predicted to initiate a war between neighbor
courtiers in the long term (Wolf et al., 2009). This debate raised during the severe drought recorded
in the region in the late nineties, when Israel claimed that rainfall was not sufficient to provide Jordan
with the amount of water as stated in the water agreement between Jordan and Israel, as a component
of the Peace Treaty signed in 1994 (Brown and Crawford, 2009; Wolf et al., 2009). Individuals, on
the other hand, augment the stress over water. People believe that water is a ‘human right’ and a
commodity to be provided for granted. This argument encourages people to negatively react in cases
of water shortage or a decrease in the supply and justify their actions by claiming that securing water
is a right. Intrastate tension accordingly takes place, which eventually increases dispute between
riparian countries and expands interstate conflict.

Responding to the growing potential of water dispute, conflict management is becoming a vial
component that governments need to incorporate in the water management strategies for countries.
Admittedly, the Middle East is a vulnerable region to limited water resources, rainfall, and hydro-
geopolitical tension, to name a few risks. Vulnerability also exists to internal political insecurity as
well as external threats from neighbors (Van Der Molen and Hildering, 2005). Most countries in the
Middle East region and North Africa endure severe water scarce conditions. Jordan is a resource-
deprived country with limited water, rainfall, and energy resources. Due to its location in a semi-arid
region, rainfall in Jordan is very limited and ranges from 30 mm to 600 mm annually. Less than 1.0%
of the country receives an annual rainfall of more than 500 mm, while the majority of the areas have
arainfall rate of less than 200 mm per annum (UNESCO 2012). Prolonged drought periods that have
been hitting the country and the impacts of climate change exacerbate water burden in Jordan. Other
factors that influence water scarcity conditions are mainly related to the mismanagement of water
sector in the country. Those include the disconnect between environmental and economic policies,
besides the lack of effective cooperation between several institutions, which indicate that plans are
proposed but not implemented. Those challenges compound the pressure on water resources in the
absence of proactive plans and approaches, as well as generate negative consequences in the form of
transnational dispute between neighboring countries over water. Similar analyses with respect to the
security of water as a scarce resource and examined with SD are relatively less well established in
the literature than food (e.g. Guma et al., 2018), electricity (e.g. Gholizad et al., 2017), or other key
resources and/or utilities (e.g. e-waste, Nikabadi & Hajihoseinali, 2018).

Problem Formulation

Key objective of this paper is to examine the extent by which water vulnerability in the Jordan River
Basin (JRB) could form a reason for hydro-geopolitical conflict between riparian countries; in this
case Jordan and Israel, and how such dispute, if exists, could be managed. To answer this question,
a systems approach for conflict management was applied. In the water sector a number of other
approaches have been developed that align with generic principles of the systems approach. For
example, Biswas ed. (1976) argued that any water systems approach is undertaken by developing a
water system model. Water system models are built by identifying water volume (availability) and
probability. Each of the two components further entails modeling structure and modeling objectives.
Examples on modeling structure cover water resources, government, public, and utilities and their
relationships, whereas the modeling of objectives entails e.g. avoiding conflict by proposing best
water use strategy.
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Simonovic (2009) claimed that applying the systems approach in conflict resolution plans produces
advantageous outcomes. Among those outcomes are improved decision-making and management
policies, as well as identifying best options available for projects improvements. This work, which
is based on principles of ‘Object-oriented modeling’, is a simple comprehensive approach used to
identifying water resource system modeling problems (Nandalal and Simonovic, 2003). Albeit the
application of this concept is relatively new in the water resource sector, considerable number of cases
presented in the literature stressed its significance. Examples cover cases on “river basin management
and planning”, “long-term water resource planning and policy” for water analysis, and “reservoir
operation” (Nandalal and Simonovic, 2003). As opposed to the functional mathematical models
developed by more analytical system approaches, the object-oriented model helps to effectively review
and present any case resembling a ‘real-world situation’ in order to propose viable alternatives to face
its challenges. Moreover, the method follows a comprehensive approach in solving any situation by
dealing with several stakeholders and parties involved such as social, economic, and political sectors
thus, increasing the quality of the outcome of the analysis (Nandalal and Simonovic, 2003). To better
achieve the goals of any conflict resolution process in terms of eliminating tension between parties,
the process shall meet the requirements of all stakeholders involved (Nandalal and Simonovic, 2003).
Within this context, Nandalal and Simonovic (2003) identified a number of activities needed before
commencing, and during the application of, any conflict resolution plan. The key activities include
“communication support”, problem identification, data collection, information production, information
sharing, and assessment of the outcomes of the actions taken. During the process of developing a
resolution policy, those activities are required to be followed in sequence so that a mutual agreement
between all parties engaged in the process is approved and accepted.

In this paper we aim at employing systems dynamics as a fundamental approach to investigate
the casual relationship between three main indicators: water scarcity in Jordan and in the JRB in
particular, a number of factors that affect water quantities in the river basin, and the potential for
geopolitical conflict over the JRB between Israel and Jordan accordingly. The findings would help
Jordan to identify shortcomings in water sector policies related to dispute assessment and resolution;
thus, adopt systematic and organized plans that are proactive and preventive to reduce or eliminate
the geopolitical impacts of transboundary resources.

The water situation in Jordan is further worsened given that the JRB — the main surface water
resource in the country — is shared by four riparian countries on the borders. Syria and Lebanon are
bordering the basin from the north, whereas Israel and Palestine are bordering the lower southern part
of the basin. In addition to the increasing demand, expanding population, urbanization, and natural
water-deficit catalysts such as limited rainfall and high temperatures, certain national practices on the
river basin may escalate tension between the riparian counties. Ragab and Prudhomme (2002) argue
that physical water sacristy and retaining freshwater resources near the Israeli side, besides the drainage
of Jordan River aquifers by Israeli boreholes toward Israeli territories has been augmenting tension
between Israel and its neighbors over water (Van Der Molen and Hildering, 2005). In this respect,
the JRB has been gaining a particular attention in the literature from local as well as international
researchers in order to assess the hydro politics of the river basin, and identify reasons accountable
for geopolitical dispute over the water-deprived and politically unstable water resource. The focus
in the literature, though, was mainly concerning with conflict resolution through improving water
supply and increasing water resources as well as water share. The objective of this paper, instead, is
to emphasize the importance of water demand management approach for conflict resolution. That
is, demonstrate how strategies and actions that entail a proper utilization for the available water,
hence; decrease conflict among countries and escalate peace and productive collaboration between
various parties.

Notwithstanding the significance of identifying actual status of water conditions in the JRB with
regards to water scarcity and increasing demand, and the importance of collaboration between the
basin’s riparian countries in light of the aforementioned challenges, there is still much work to be
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done. According to Allan (2002), water agreements and collaboration conventions have been lacking
among riparian countries, throughout history. The JRB is not an exception. The sole agreement between
Jordan and Israel regarding water is the one incorporated in the Peach Treaty signed between both
countries in 1994. Albeit some of its clauses are debatable, the agreement provides a considerable
example for potential cooperation among nations. The significance of studying the case of the JRB,
as the main theme in this paper, is therefore two-dimensional. First, the study aspires identifying
natural and induced key factors that affect water availability in the basin and understanding their
impacts as catalysts for water conflict. Better understanding of these is expected to support and
enhance collaboration efforts between Jordan and Israel, as stated in the agreement, to effectively
manage the shared water resource. Moreover, propose modifications and improvements for some
of the debatable clauses in the agreement, in correspondence to the changing environment and
variable impacts. Second, Jordan, as a main water- beneficiary for the JRB, is a small economically
disadvantaged country that endures severe climate, modest natural resources, and high influxes of
refugees from troubled neighboring countries, mainly Syria and Iraq. The combination of those
factors and others are deteriorating water security level in the country; thus, make it vulnerable to
dispute over natural resources. Accordingly, discussing the potential for cooperation, information and
knowledge sharing, and capacity building in water between countries are key factors to be considered
in any water resolution plan. Furthermore, shedding the light on the success that has been achieved so
far between Jordan and Israel in turning hydro-political conflict into an instrument for collaboration
is anticipated to present the JRB as a model for countries of similar conditions and share the same
challenge of water dispute both in the region and worldwide.

Paper Outline

This paper is divided into five sections. Section two reviews the prior literature about water as a scarce
resource and the impact of water scarcity on generating tension towards geopolitical conflict among
nations. Section three presents the proposed methodology used in exploring the inter-relationships
between several factors such as water scarcity, economy and conflict. Section four discusses the model
used and presents the assumptions and considerations for modeling the problem. It also introduces the
scenarios examined and our simulation results. The paper finally concludes with a section discussing
the main findings of the model and evaluates the relationship between various factors as it relates to
water scarcity and conflict. Additionally, it proposes strategies to reduce the risk of conflict over water
in Jordan and suggests prospects for proper water management policies and cooperation in the region.

PRIOR WORK

Water availability is significantly impacting humans, industrial activities, and environment. Fresh water
accounts for only 2.5% of the available water on earth, of which merely 0.3% is left for extraction and
human consumption (Rapacioli and Malone, 2012). In absolute term, water quantities are constant.
Wolf et al. (2003a), Wolf (2007), and Ofori-Amoeh (2004), yet, argued that spatial distribution of
water differs. Significant variations exist for water availability between states, countries, and regions.
Water variability is attributed to, amongst other factors, natural cycles of physical weathering such as
freezing and thawing, and variations in temperature. Other natural factors include rainfall variations,
humidity, evapotranspiration, various runoff patterns, and climate change impacts. On the other
hand, population boom combined with continuous and constant human activities besides rapid
economic developments, all have exacerbated the pressure on sustainable resources, including water,
particularly in arid and semi-arid regions (UNESCO, 2009; and FAO, 2012). In this context, water
has increasingly becoming a ‘unique’ substance; and thus, water has been gaining an economic and
political influence (Narasimhan, 2008).

Population growth adversely affects the availability of freshwater and its consumption. Hinrichsen
etal. (1997) predicted an annual increase in the population by nearly 80 million people, which implied
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rising the demand on freshwater to around (64 billion cubic meters-bcm) annually (UNESCO, 2009).
According to the estimates of the 2030 Water Resources Group, a research organization supported
by the World Bank and private corporations, water demand would significantly outstrip the available
water supply in 2030 by more than 40%. According to Rapacioli and Malone (2012), this debate
has been risen as water consumption patterns are growing among all sectors including domestic,
industrial, and agriculture, where the latter has been already consuming a large share of water. This
dilemma imposes challenges on governments and international organizations to achieve basic water
needs aligned with increasing demand and attain sustainable water allocation to overcome water
scarcity in the long term.

Water as a Scarce Resource

‘Water scarcity’ generally occurs when demand exceeds supply. Simply put; water resources such
as rivers, lakes, or groundwater aquifers become no longer adequate to sustain the rising demand;
thus, deficit occurs. Adversely, water deficit, in turn, would lead to rivalry between various parties
expected to benefit from the water resource (UNESCO, 2009). Moreover, water scarcity is dynamic
in nature. In this respect, water become scarce when demand increases and/or a decline in water
quantity and/or quality exists. In contrast, scarcity might decrease considerably when proper water
management approaches are considered (FAO, 2012). Examples on water management approaches
include Integrated River Basin Management, Decision Support System analysis for water management,
and other similar approaches, particularly in countries that are already facing water shortage.

In order to define water-scarce areas and assess water scarcity levels, hydrologists observe the
per capita allocation of water. Areas with yearly per capita water allocation below 1,700 m?* are
expected to face ‘water stress’ conditions, whereas areas or regions with annual per capita water
supply below 1,000 m? are likely to experience ‘water scarcity’. If the annual per capita allocation
drops significantly below 500 m?, then, ‘absolute scarcity’ conditions take place (UNESCO, 2012).
Figure 1 shows freshwater availability and water scarcity levels worldwide. As the figure depicts,
nearly more than half of the world’s population approach water scarcity (Corcoran et al., 2010). This
percentage is expected to increase by the year 2025. According to the United Nations estimates, 1,800
million inhabitants are expected to be living under ‘absolute’ water scarcity conditions, while nearly
two-thirds will be experiencing ‘water stress’ conditions (Rapacioli and Malone, 2012; FAO, 2012;
Uitto and Duda, 2002). Those figures tend to be higher in the Arab World countries, where most of
the water bodies are shared.

Figure 1. Freshwater Availability Worldwide in 2011 (m3/personl/year). Source: UNESCO.

0 500 1000 1700 2500 7500 15000 50000

Smakhtin et al. (2004) debated that many river basin systems and aquifers are currently under
water stress conditions. Smakhtin et al. debate further considered that the high rate of extraction from
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those water systems does not only impact water availability in countries that share the water body,
but also severely impact ecosystems (Smakhtin et al., 2004). On the other side, the lack of water
availability in those water-scarce basins boosts competition between users to satisfy the demand
(UNESCO, 2009), a case to convert into a serious dispute or conflict over water resources.

Countries in the Middle East and North Africa Regions are classified as water-scarce areas
(League of Arab States, 2009; Uitto and Duda, 2002). As Figure 1 indicates, most Middle Eastern
countries such as Jordan suffer from ‘physical water scarcity’, a term reported by Rapacioli and Malone
(2012) when more than 75% of water available from rivers is allocated to agriculture, industries,
or domestic purposes. On the other hand, some countries in North Africa are endowed with water
resources to accommodate their needs; yet, are suffering from ‘economic scarcity’, where less than
25% of water from rivers is withdrawn for human purposes (Rapacioli and Malone, 2012). To justify
this paradox, it can be argued that a number of aquifers in the Arab World, for instance, are passing
through sandstone rocks, namely Egypt, Libya, and Sudan. Some experts admit that although the
volume capacity of such reservoirs is greater than the water replenished annually in the region by
twenty times, water restoration rate does not surpass 2.5%; therefore, water is insufficiently available
(League of Arab States, 2009). Furthermore, some of the water resources in the Arab Region are
shared by and regulated under Israeli occupation such as in the Syrian Golan and the Palestinian
territories (League of Arab States, 2009); a situation that compounds the stress to managing those
resources from a political viewpoint.

Water problem in the aforementioned regions is accredited to the lack of human and financial
capacity, inefficient water institutional capacity, as well as unrest conditions and corruption in those
regions. Accordingly, collaboration between highly and less developed countries, in terms of water
resource management, would result in more effective water use; and thus, decrease water scarcity
levels. Nevertheless, it can be claimed that generally when foreign countries engage in managing water
resources in other countries, tension may exist, particularly if it is associated with political agendas.
Consequently, increasing the level of dialogue between collaborative countries, again, would lead to
less conflict between the various parties engaged in drawing the policies for sustainable development.

Water-Related Conflict

Throughout history, water has been symbolizing settlement, security, and stability both for countries
and individuals. The current 276 watersheds that are shared by nearly 40% of the population, as
reported by Furr et al. (2011), impose huge challenges on countries to manage water scarcity issues
efficiently (Wolf et al., 2003a; Bach et al., 2012; and UNESCO, 2012). According to the Organization
for Economic Co-Operation and Development (OECD), the increasing demand on water would
intensify water rivalry among nations by 2030, where around 47% of the population is expected to
face water stress conditions (UNESCO, 2009). Furthermore, Davidson-Harden et al. (2007) proposed
that the rise in population, particularly in areas that are already facing water stress conditions such as
Asia and Africa, would further maximize tension between countries on water resources.

Nevertheless, Wolf et al. (2003b) argued that, historically, most of the water disputes have not
turned into an actual ‘water war’ or formed a reason for militarized conflict. Instead, Wolf et al.
(2003b) indicated that during the past five decades cases of collaboration exceeded water conflict,
where only 37 cases of critical hydro-political dispute were recorded- mostly between Israel and
its neighbors. Hensel et al. (2006), on the other side, claimed that water-deprived regions are more
vulnerable to armed conflict, especially if water resources have a strategic or a political significance
for the country (Voza et al., 2012). The main two examples that clarify this debate, according to Voza
et al. (2012), are: “the conflict over Jordan River diversion projects” amongst Syria and Israel, as
well as dispute between “Syria and Turkey over the Euphrates”.

Nearly 90% of water-dispute cases between riparian countries discussed in the literature were
over water quantity and water share (Wolf et al., 2005). Ohlsson (2000) identified two types of
water-related conflict. The first type, according to Ohlsson (2000), is the conflict attributable to
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water scarcity, owing to the natural decrease in the quantities of water available for use. The other
type of conflict is the one happens when inadequate strategies to manage and minimize the adverse
impacts of water scarcity are followed, particularly in water-stressed countries. Examples on the
latter type of conflict include constructing hydraulic storage structures as dams, which would result
in negative social impacts such as displacement or resettlement of people (Van Der Molen and
Hildering, 2005). This, in turn, would yield to major negative consequences on parties engaged in
the planning process. This includes countries, on the international level, or internal stakeholders in
charge of internal management policies within the state, on the state or country level. Wolf (1998),
supported this debate and argued that the basis of dispute on transnational river basins mainly stems
when one of the riparian countries initiate water-related developments within its jurisdictions. Such
developments would affect other riparian countries during water scarcity periods, and ultimately
initiate water disputes between neighbors. The main indicators for such dispute, according to Wolf,
are linked to a number of factors such as water quantity and quality, management of multiple uses,
and political agendas and partitions (Wolf et al., 2005). Other factors include geopolitical setting,
level of national development, as well as undergoing hydro-political issues and institutional control
of water resources (Nandalal and Simonovic, 2002).

Relationship between Water Scarcity and Conflict

It can be argued that water scarcity imposes macro impacts on the county’s overall security and stability.
In this respect, water deficiency forces governments to look for alternative resources for water, which
increase tension with neighboring countries over resources (Fardous et al., 2004). Kirschbaum (1997)
reviewed Gleick’s framework about the interconnection between water scarcity and trans-boundary
security. In that model, Gleick presented two arguments as drivers for transnational hydro-political
conflict. The first argument considered the asset of water as a vital political and economic strength;
and thus, securing its supply is a necessity to ensure security. In other words, securing water resources
could motivate a militarized conflict in the case of water deficiency. This argument has been clarified
by a number of factors to initiate or trigger armed dispute (Kirschbaum, 1997). According to Gleick,
those factors include water scarcity level in the country, the amount of shared water supply among
riparian states, political and economic influence of the neighbor countries, in addition to the ease of
access to auxiliary sustainable water bodies (Kirschbaum, 1997).

The other argument discussed by Gleick identified water resource systems as a tool for dispute.
Arguably, water resource systems such as water treatment plants, storage structures and facilities, as
well as access to water resources like straits and rivers, can be used to enforce and support any political
agenda or debate adopted by the strongest country (Kirschbaum, 1997). Recently, for instance, tension
is rising on the boundary of the Strait of Hormuz between the Iranian side and the rest of the Arab
State countries, namely in the Gulf area. The issue is escalating with the constant Iranian pressure
to close or delay the access to the Strait of Hormuz, which represents the lively portal for most Gulf
States” imports, including water. Given that most of the Gulf Cooperation Council (GCC) countries
depend totally on this path for their water imports, such practices of controlling the access of a water
resource from one side would cause water-related problems and intensify tension between countries;
hence, produce undesirable consequences (Al Fathi, 2012).

International Water Conventions on Conflict Management and its Effectiveness

The rise of hydro-political tension amongst riparian countries on transnational water resource basins
has trigged the formulation of various national and international water conventions, agreements, and
collaborative institutions (Haftendorn, 2000; Raadgever and Mostert, 2005). Although approximately
450 agreements on international waters have been signed since the mid of the nineties of the past
century, it has been claimed that around 60% of river basins and shared watercourses are still lacking
to any effective and legal frameworks for collaboration (De Stefano et al., 2010; UNESCO, 2012).
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Two key conventions in this respect are the ‘Helsinki Convention’ (1992) on “The Protection
and Use of Transboundary Water courses and International Lakes”, and the “1997 United Nations
Convention on the Law of the Non-Navigational Uses of International Watercourses” (Haftendorn,
2000, Chenoweth 2011). The general principle of the two conventions is to secure an equitable water
allocation, for all neighboring countries, from the shared water resource. According to the UN Water
Convention, the equitable water amount shall not negatively cause undesirable impacts to the other
states on the border of the watercourse. The right of one country to use water in such a way, however,
could be harmful to some of the riparian countries, since the impact or damage caused by using the
obligated amount of water cannot be assessed. This issue could be resolved through collaboration
and information sharing to ensure justifiable water share (Chenoweth 2011; Haftendorn, 2000;
International Law Commission, 1997). A further principle that controls the relationships between
riparian countries on transnational water bodies involves respecting the formally agreed rights of
water share and utilization for other neighbor countries. Other principles include negotiating any
water development initiatives, proposed by any of the riparian countries and aimed at increasing its
share of water, besides increasing the collaboration between countries to protecting and conserving
the quality of the water bodies (League of Arab States, 2009).

Arguably, water conventions have proven its effectiveness to manage water dispute over shared
water resources. A number or international agreements, the Rhine River regime agreement for instance,
have increased the collaboration and understanding between riparian countries in order to sustain the
reliability of any developments on the shared watercourse between them. Moreover, many commissions
have been established, and are actively involving, in resolving water related issues. This is being
conducted by placing water challenges on top of their agendas to increase the institutional capacity
and knowledge share, which in turn help to settle any dispute (Haftendorn, 2000). Nevertheless,
Chenoweth (2011) critiqued many water international conventions, as they do not precisely identify
how countries could define ‘the justifiable water allocation’ among parties. Instead, many of these
conventions such as the UN Water Convention, stresses on the importance of considering all other
issues and challenges related to water use and demand, socio-economic needs for instance, the degree
of dependency on the water source, and the feasibility of other water resources (International Law
Commission, 1997; Chenoweth, 2011).

Cases of Water Conflict and Lessons on Cooperation and Conflict Prevention

Wolf et al. (2005) and others claimed that conflict over water resources occurs on different geographical
scales. Simply put; conflict could occur between two or more countries sharing the political borders
(international dispute), or among intrastate parties (national dispute), in which tension could happen
amongst various provinces and different groups inside the same country. Additionally, dispute could
have a local indirect nature, where deviations in water allocation augment the instability inside cities;
therefore, lead to a higher level of conflict. Water variability issue in Tajikistan represents an example
on ‘local dispute’ over water. It can be argued that challenges of climate change and its consequences
such as snow melting are likely to shift parts of the country toward water scarcity. Yet, parts of
Tajikistan are already suffering from flash floods and landslides. Based on such geographical and
water availability variations inside one country, potential for conflict between parties becomes higher.

As for international dispute that results when watercourses pass through various countries,
additional pressure exists. Efforts, therefore, shall be concentrated on increasing the collaboration
between all riparian countries. This has particular value in the case of most African and Asian countries.
Among the noticeable examples of international hydro-political dispute in Africa is the Somali-
Ethiopian case. Studies have indicated that as a consequence of the frequent argues and conflicts
between Somalia and Ethiopia, mainly with regards to the border issues, there has been a dearth
in bilateral agreements that govern water exploitation and deployment of the Jubbah and Shebelle
Rivers. Accordingly, increasing dialogue between the two parties with regard to the Somalia’s most
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vital natural resources becomes a necessity, which would secure a sustainable life for the coming
generations in that poor country (League of Arab States, 2009).

On the contrary, a good example of countries collaboration over water is between the Iraqi and
the Iranian sides. In corresponding to the Iranian individual exploitation of the river-water resources
shared with Iraq, and the latter disagreement, which presented before the international water law, an
equitable share of the shared rivers was attained for the two countries. Specifically, the agreement
admitted for both countries that are sharing the bank of the river to utilize a fair amount of water,
without compromising the interests and rights of other riparian countries on the same river basin
(League of Arab States, 2009). Further examples of successful cooperation over shared water are the
Nile Basin Initiative, commenced in 1999, as well as the establishment of the Rhine Commission.
Jaspers (2003) indicated that the Nile Initiative, adopted by the ten riparian countries along the
Nile, has paved the road to formulate a joint base in order to implement a ‘Shared Vision” approach
aiming at managing water efficiently. That included the use of water, its resources, and the interaction
between various parties for the benefit of the Nile (Jaspers, 2003). Other factors such as bridging
the gap between neighboring countries, as well as supporting transnational investments with regards
to shared water developments were considered (Nile Basin Initiative, 2010). On the other hand, the
Rhine Commission, concerned mainly with the quality of water, was initiated to further controlling
the dispute between upstream and downstream riparian countries (Jaspers, 2003; and Mostert, 1999).
The commission has therefore been acting as catalyst for dispute resolution and has been resulting
in better management of the shared water resources amongst countries.

The Jordan River Basin Case

Covering a total area of almost 18,300 km? and passing through different riparian countries of Jordan,
Israel, Palestine, Syria, and Lebanon, the JRB is one of the most critical international rivers to be
managed. The basin system (the upper basin and the lower basin) has a total renewable volume of
around 1,280 million cubic meters-mcm/year (Chenoweth, 2011). The basin consists of three major
tributes: the Jordan, the Yarmouk, and the Zarqa Rivers (Courcier et al., 2005; Green Cross, 2006).
The combination of the three river tributes makes the JRB the largest surface water resource in its
region (Green Cross, 2006).

Currently, the total population served by the JRB on both the Jordanian and Israeli sides is
approximately 13 million inhabitants. Of this total population, nearly 6.2 million are served in
Jordan whereas around 7.1 million in Israel (Chenoweth, 2011). The three main rivers, the Dan, the
Banias, and the Hasban Rivers, which are situated to the northern borders of Israel, formulate the
beginning point of the Jordan River. The ‘Upper River Basin’, starting from Lebanon north of Lake
Tiberias, is endowed with an average rainfall rate higher than 1,400 mm per year; thus, accounts for
the lion’s share of water in the river. The ‘Lower Jordan River Basin’ area covers around 83% of the
total population in Jordan, besides 80% of agricultural activities including irrigation (Courcier et al.,
2005; Stérk, 2007). Despite its significance in terms of securing water for most of the population in
Jordan, the ‘Lower Basin’, particularly at the southern end, faces the challenge of low rainfall, with
an annual average of less than 100 mm (Green Cross, 2006).

The Yarmouk River is the largest source of water in the basin (Green Cross, 2006; Fardous et al.,
2004; Chenoweth, 2011). It formulates the hydro-political borders between Jordan and Israel from one
side, as well as Jordan and Syria from the other (Courcier, 2005). With a total area of around 6,790
km?, mostly in Syria, around 1,160 km? of the Yarmouk River lies in Jordan (Green Cross, 2006).
According to Johnston plan (1955), the distribution of the river’s total amount of (492 mcm/year) is
divided between Jordan, Syria, and Palestine, with annual amounts of (337, 90, and 25 mcm/year),
respectively (Fardous et al., 2004).

The quality of water in the two river basins varies considerably. Despite the ‘Upper Basin® has
a relatively good water quality, the quality of the ‘Lower Basin’ water, which stretches from the
Lake Tiberias until downstream, is considered poor (Chenoweth, 2011). Reasons for the low quality
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Figure 2. Jordan River Basin.
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of water in the ‘Low Basin’ are attributed to natural as well as anthropogenic factors. Specifically,
high salinity of water that results from the natural diversion of saline springs into the Lake Tiberias
toward the downstream river affects the quality of water for consumption. On the other hand, Al
Naem (2012) reported that wastewater effluent generated from the Israeli side to the southern part of
the river impose drastic decline in the water quality. Chenoweth (2011) claimed that further induced
factors such as irrigation discharge into the river deteriorate the quality of water in the ‘Low Basin’.

Given the river’s location in the middle of one of the most water-deprived regions, as well as
highly politically unstable, in addition to many non-sustainable water practices involving water
abuse and illegal groundwater abstraction, a dramatic decline in the available amount of water in the
river system is recorded. Moreover, other factors including the increase in physical water scarcity
besides climate change are all adversely impacting water resources in the countries bordering the
river. According to Waslekar (2011), and based on recent findings on the impacts of climate change
on water scarcity, Jordan River is expected to dry out to nearly 80% of its capacity in the coming
few decades (Brown and Crawford, 2009). Continuous drought conditions that are happing all over
Jordan are further exacerbating the problem (Tarawneh, 2011). Consequently, serious water challenges
between the riparian countries on the basin are likely to occur; thus, countries’ water share is likely
to be contentious.

PROPOSED METHODOLOGY AND THE SYSTEMS APPROACH

System dynamics was applied to assess the vulnerability of the JRB and the impacts of water scarcity
in Jordan on potential hydro-geopolitical dispute between Jordan and Israel. The assessment was
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conducted based on reviewing the number of water-beneficiaries in each country and projecting the
total number of population to be served by the river basin in the coming 28 years (until 2042). In
addition, the assessment considered evaluating the fresh water availability in Jordan and per capita
water availability, as well as projecting the demand, deficit, and per capita water consumption for the
horizon year. This aimed at finding the interrelationship between population growth, the increasing
demand, and consumption of water, and the likelihood of potential conflict between the neighboring
countries over the water resource.

In order to build the model, work entailed studying the causal relationship between numbers of
factors that are believed to significantly affect water levels in the JRB, directly and indirectly. Relevant
actions and alternatives were later proposed to achieve sustainable water resource management.
Adopting those actions aims at avoiding dispute over the basin and ensuring continuous supply of water
over time. To develop the model that represents the causal relationship between different variables
and its impacts on water resources and conflict, Wilner model (2005) about the hydro-conflict and
riparian politics was reviewed and modified for the case at hand. Wilner (2005) model essentially
considers the following:

@ Current and predicted scarcity levels within the region. This is based on finding the total amount of
water available and the projected population, to assess the relationship between riparian counties,

@ The level of reliance on the shared water resource to sustains consumption needs, and

@ The degree of collaboration between the riparian countries to finding new water resources, as well
as adopting bilateral agreements and developing projects.

Correspondingly, VensimPLE® software was used to build the causal loop and stocks and flows
models of the study. A positive sign between variables indicates that the change in one variable is
directly proportional to the other, and leading to an even change, while the negative sign implies an
adverse relationship. Both controllable and uncontrollable factors are included in the analysis.

It is worth mentioning that variables proposed in such predictive models are usually chosen
subjectively by the model builder. This implies that chances of models to be missing significant
variables become higher and cannot be eliminated afterword. In contrast, Biswas ed. (1976) believed
that if the model constructed appropriately, it would present the future case in a way that can be
evaluated extensively for various perspectives. Moreover, it can be utilized to analyze the sensitivity
of response to any particular policy variable. Biswas ed. (1976) claimed that generally in water
management analysis, environmental quality factors and economic efficiency criteria are determined
or dealt with objectively as they are related to and deal with tangible and quantifiable factors.

In the light of this debate, to support our model, other variables were tested to reflect the actual
status of the water problem in Jordan. This helped in studying in detail the relationship between the
several factors identified in the model such as population, water availability, rainfall, and per capita
freshwater availability, with water dispute. The following data and sources were consulted:

@ The World Bank database for population census was consulted to find the total population figures in
Jordan between 1992 and 2018. Population data for Jordan were verified by reviewing census data
advertised on the official website of the Department of Statistics for the same period. Population
growth rates for Jordan were also obtained from the aforementioned sources.

@ Data on per capita renewable fresh water availability, demand, and total water availability in Jordan
for 2010, 2030, and 2040 were acquired from Waslekar (2011) review about water in the Middle
East, with specific focus on the JRB and its neighboring countries.

Linear regression was used to project total number of population, fresh water availability per
person, and demand for the coming years up to 2042, to shed the light on factors believed to trigger

1"



International Journal of System Dynamics Applications
Volume 10 - Issue 4

conflict in the long-term. Deficit was further calculated by taking the difference between the total
water availability in Jordan and demand projected for the study period (from 2018 to 2042). This
factor alongside other factors such as climate change, drought, and increasing influx of refugees
were discussed as they are considered to increase water scarcity levels in Jordan and in the JRB in
particular; thus, trigger water dispute unless proper strategies are taken.

Additionally, rainfall data were analyzed to assess the long-term trend of rainfall in Jordan. Data
were collected from the Jordan Metrological Department for the years 1976 to 2005, and for 2014.
Linear regression was used to project rainfall for the coming years, until 2042; thus, measure rainfall
and its variations in leading to scarcer water conditions.

Lastly, it is vital to mention that the model developed for the JRB is a general model that can
be applied to any of the riparian countries on the basin. That is, any country could use this model to
assess whether serious consequences for its water conditions exist or anticipated, in order to analyze
and figure out best solutions to eliminate its water shortage problems and the potential for dispute,
if expected. Nevertheless, the analysis in the coming section is mainly covering Jordan as one of the
riparian countries of the JRB.

System Model, Simulations and Results

It can be argued that population growth and the high demand for water are the two utmost factors that
lead to tension over water resources. Population growth is positively connected to demand and water
consumption. That is, the higher the population, demand for water becomes higher to meet water
consumption needs. Water consumption and demand are negatively connected to the water availability
in the JRB. This explains that the higher the demand for water, the less is the water available in the
basin, where the latter factor is negatively connected to the geopolitical conflict factor in the model.
Simply put; the potential for conflict augments when less water is available in the basin, whereas the
abundance of water in the basin eliminates hydro-conflict.

To assess the impact of population growth on the available water resources in Jordan, the number
of indigenous population in the country was obtained for the base year (2018) and projected for the
long-term period of 2042. According to research findings, the general population in Jordan is expected
to overcome the 10 million inhabitants by 2042. This implies that population plays a vital role in
affecting water availability, knowing that an increase in population is associated with an increase in
demand. Furthermore, given that the capacity of freshwater in Jordan is constant, around (550 mcm)
as reported by Waslekar (2011), demand is expected to reach up to (1,887 mcm) in 2042, while a
considerable decline in the per capita water supply to around (52 mcm) in the country is envisioned
for the same period. As the demand continuous to outstrip the constant freshwater availability, water
deficit is estimated to escalate and reach to (1,337 mcm) in the horizon year. This suggests that the
amount of water available will not sustain the growing demand of indigenous population. This case
would trigger government to secure additional water quantities; consequently, tension might escalate
over the already water-deprived basin- that is, the fist type of conflict that happens due to natural
water scarcity as proposed by Ohlsson (2000).

Similarly, population is positively linked to many other factors that contribute to its growth and
add challenges on the indigenous population such as urbanization and immigration influxes, to name
a few. The highly unstable conditions and turmoil around the JRB geographical perimeter, and in
some of its riparian countries, have been adversely influencing water problem in Jordan. Abnormal
influxes of immigrants and refugees entering Jordan further compounded the issue. The cases of
conflict in Palestine, Iraq, and more recently on the Syrian borders, for instance, have been increasing
the pressure on the limited water resources in the country. This calls for increasing water allocation
to meet growing demand and water consumption patterns; hence, declining the amount of water
available in the JRB. Consequently, tension might initiate on the borders between Jordan and Israel
owing to the fact that each country believes it has the right to use the shared water.
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Figure 3. Rainfall Pattern in Jordan from 1976-2042 (from Jordan Metrological Dept., 2012).
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Another important factor that is significantly linked to water consumption, water availability,
and geopolitical conflict is rainfall. Rainfall is positively related to water consumption, while the
latter factor is negatively connected to the water available in the basin. The lower the rainfall amount,
the scarcer the basin becomes; thus, less water is available for consumption. Figure 3 depicts the
time series curve for rainfall in Jordan from 1976 to 2042. The figure indicates that rainfall pattern
is highly changeable with time, as the relation is best fitted with an order six polynomial trendline.
This uncertainty in rainfall pattern negatively impacts the availability of water in the basin, and boosts
water scarcity levels in the long term. Drought, on the other hand, has been immensely impacting the
rainfall pattern in Jordan, and has been causing more stressed water conditions (Tarawneh, 2011).
Chenoweth (2011) argued that high temperatures and the effects of evaporation reduce runoff and
infiltration; thus, decline the amount of water available in both ground and surface water resources.
This would also trigger reasons for tension between countries, which could turn into conflict over
water resources. In this regard, Chenoweth (2011) concluded that no long-term rainfall model
perspective, water model, or water strategy is considered complete unless it involves climate change
in its assessment. Although such models may not provide ‘accurate’ estimations; yet, they could be
of considerable importance.

Implicit within the consumption exist factors such as meeting demands of e.g. farming, which
play a crucial role in affecting water availability in Jordan and enhancing the potential of conflict.
Fardous et al. (2004) reported that agriculture consumes the lion’s share of water in Jordan, nearly 67%
of the country water resources. Indeed, the rise in water allocated for supporting irrigation reduces
water quantities and the share of water that are supposedly allocated for domestic use. This shortage
in water supply coupled with an increasing demand will compound the burden of water availability
in the JRB; therefore, increase hydro-political dispute between countries. Similarly, intrastate conflict
could augment due to the shortage in domestic water allocation. Based on the model, water allocation
is negatively related to customer satisfaction. Given that people believe that water is ‘a right’ that
should be provided, balancing the domestic water allocation accordingly is a challenge that requires
government to allocate a fair amount of supply to sustain the demand between several sectors.

Other factors such as deteriorated infrastructure are indirectly impacting the water availability
in the JRB. Unaccounted for Water (UFW), that is water lost through leakage and poor distribution
systems and /or illegal use of water, is also indirectly contributing to the problem. Nearly 35% of the
water systems distributed in Jordan is lacking adequate infrastructure, and consequently resulting
in a water shortage (Waslekar, 2011). According to the Ministry of Water and Irrigation estimates
(2012) in Jordan, around 16% of the total water supplied is lost through unaccounted for water. Based
on the model, the factor of inadequate infrastructure and leakage is negatively related to the water
available in the JRB. This relation, however, is indirect. To illustrate, the increase in leakage and
infrastructure deterioration decrease the amount of water supplied for customers; thus, decrease the
satisfaction among them with regards to the service provided, in the model reflected as an implicit
contributing factor to increasing regional tension, as this imposes pressure on water authorities to
sustain expanding demand.
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Figure 4. System Dynamics model of water resource management and tension in the JBR
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Therefore, increases the pressure on the JRB and drops water levels in the basin accordingly.
Several reasons are responsible for the deteriorated infrastructure and inappropriate water distribution
systems in Jordan. Institutional capacity, corruption, as well as poor management strategies trigger
this situation, among other reasons. Consequently, building institutional capacity through continued
training programs, and improving collaboration between national and international institutions for
proper water system management promise to contribute to a solution. Furthermore, implementing
monitoring systems to control illegal use of public water facilities, and enforcing laws govern this
issue lead to better management strategies; and thus, decrease tension between regions, cities, and
countries as well. This discussion is captured in Figure 4 as a stocks and flows System Dynamics
model, derived from the earlier causal mapping exercise.

Based on this model we simulate 3 basic scenarios of duration from 2018-2028.

1) Without any demand management/institutional capacity building policy in place.
2) With a 200 MCM/year water allocation policy for both; and
3) With a 200 MCM/year water allocation policy for both and 25% reduced demand.

We see that tension decreases when we apply allocation policies, but as soon as the water is
depleted, tension (and hence the potential for conflict) rises again. However, when we apply the
demand management policy, people use less water preserving sustainability (there is still some
available water in 2025).

We also ran 2 more simulations to see what happens beyond 2028 (period: 2018-2042), with
policies of

1) 200mcm/year water allocation for both and 25% reduced demand; and

2) 200mcm/year water allocation for both and 35% reduced demand. In our experiments the policies
are similar for both international parties for simplicity; we see that the more effective the demand
management policies are, the better the impact on lowering the tension/potential for geopolitical
conflict, as seen in the plots of Figure 5. Clearly, policy making on the understanding of water
scarcity and thus giving emphasis on the demand management side of things (sustainability
awareness, user behaviour, wastewater treatment and reuse etc.) has the potential for significant
impact, whilst simple allocation policies without any further consideration produce worse results.
Further analysis and interpretation of the results are then introduced in the following section.
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Figure 5. Simulation results
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CONCLUSION

Jordan is undergoing water stress conditions. The decline in water status in Jordan and in the JRB in
particular is owed to several reasons prominently, rainfall variations, population growth, and rising
demand. Population and demand projections for the long-term period indicated a rise in population and
demand up to year 2042. Turmoil and political unstable conditions around the JRB are indirectly linked
to the water burden in Jordan. The increase in indigenous population associated with immigration
influxes are further expected to raise the total number of inhabitants to be served by the JRB; hence,
raise water supply and allocation needs. Demand for water in the country is further expected to
exceed the available water supply; thus, water deficit is estimated to escalate in the horizon year. This
suggests that the amount of water available will not sustain the bourgeoning demand of indigenous
population. To accommodate water population needs in this respect, government needs to guarantee
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additional water quantities from the already water-stressed basin and propose alternative resources;
consequently, tension might escalate over time.

In this paper, system dynamics modelling was used to investigate the relationship between water
vulnerability in the JRB and the potential for geopolitical conflict between two riparian countries,
Jordan and Israel. The causal relationships between several factors that are believed to augment water
scarcity in the JRB were firstly identified in a causal loop diagram and later turned to a dynamics
model. The model provides illustrations on how water quantities in the basin, and thus potential
related conflict, are influenced by those factors. Each factor presented in the model can be turned
into a tool to apply productive water management approaches and effective collaboration strategies
that will ultimately attain sustainable water allocation.

Rainfall variability is expected to compound the problem. Scarce water conditions, which are
augmenting by low rainfall amounts, decrease water quantities available for abstraction. The analysis
suggested that rainfall variations are further worsening due to climate change, temperature variations,
and drought. This implies that tension between countries could turn into conflict over water resources.
In the case of the JRB, considerations of abnormal risks such as climate change and drought were
not incorporated in the Pease Treaty signed by Jordan and Israel in 1994. The treaty, which devoted
a specific section related to water issues and management between the two countries, did define a
set amount of water to be allocated for both countries instead of determine percentages for water
allocation from the available amount of water.

According to Article Six of the Peace Treaty, Israel is to provide Jordan with (20 mcm) in summer
from the Jordan River, while Jordan have to provide (20 mcm) from the Yarmouk River in winter in
return (Israel-Jordan Peace Treaty, 1994). In other words, the treaty did ignore the consequences of
any adverse future conditions like climate change, drought, and unexpected population; thus, it did
not attain securing a justifiable amount of water for the two riparian countries to sustainably meet
future demand. It can be argued that leaving those factors undefined in any water agreement escalate
hydro-political conflict if one of the parties could not provide the agreed amount of water due to
uncontrollable conditions. A perfect example is the case of severe drought recorded in the region
in the late nineties of the past century that restrained Israel from providing Jordan with the agreed
amount of water; claiming that rainfall was not adequately enough at that time (Brown and Crawford,
2009; Wolf et al., 2009). In this respect, reviewing the articles addressing water in the Peace Treaty
is one of the viable options to decrease water deficit in the country and to eliminate potential clashes
in the future. This entails studying the possibility of redistributing the share of water based on the
percentage of total population to be served by the basin on each side, and expected demand.

According to the results, excessive water consumption of agricultural activities decreases the
amount of water available in the JRB. This results in two-dimensional impacts as it triggers intrastate
as well as interstate tension over water resources. Specifically, the use of outdated methods in
agriculture and irrigation increases agricultural water consumption and reduces the water available
for domestic use. This indirectly impacts customer satisfaction, and leaves government with two
options. The first option is re-distributing available water quantities among several sectors such as
domestic and agriculture; thus, not sustain the needs for either sector. This would enhance intrastate
tension between parties. The second option is increasing water abstraction from the basin to meet the
growing demand, a practice that results in exceeding the agreed limits between the riparian countries;
therefore, major interstate conflict could take place.

To resolve water challenges within this context, applying the ‘Shared Vision Approach’ in water
resource management is encouraged. This entails consulting water-beneficiary parties and local
organizations at different levels including several water-demand sectors; government representatives;
agricultural parties; local people; and NGOs, to arrive at a mutual agreement for best practices to be
followed in water and river basin management. Examples in this light include encouraging the reuse of
reclaimed wastewater for irrigation purposes and practicing high-tech irrigation methods. Government,
on the other side, is sought to propose policies to control water consumption in agriculture. In this

16



International Journal of System Dynamics Applications
Volume 10 - Issue 4

respect, government is required to effectively implement and enforce the legislations governing water
abstraction and exploitation for agricultural use.

Furthermore, government may impose an incremental tax system for water prices for agriculture;
based on the amount of water used and the total irrigated area. The higher the agricultural area and the
amount of water used, for example, the higher the price of water collected. Benefits of adopting this
approach are two-fold. First, water will be preserved from being wasted. Second, agricultural sector
will be improved by eliminating obsolete irrigation and agricultural methods that are consuming water
intensively. Notwithstanding those benefits, this approach may gain public opposition, particularly
within poor to middle income classes. Proper implementation is therefore needed to eliminate intrastate
conflict that could further develop to an interstate dispute.

Pollution of water resources further escalates tension among riparian countries. According to Al
Naem (2012), continues wastewater effluent from Israel to the southern part of the Jordan River have
been declining the quality of water in the river. This, in turn, increases pollution level in the basin.
The decline in the quality of water, accordingly, decreases the amount of water in the river that is
safely available for abstraction for consumption, and drives conflict to arise regarding the distribution
of water. Therefore, collaboration between the riparian countries on reducing pollution level in the
basin is a necessity, in order to secure an amount of water with acceptable quality for sustainable
use. This collaboration can be achieved through knowledge sharing as well reviewing best practices
concerned with attaining high water standards to meet future demand.

Proposed Strategies to Reduce the Potential of Hydro-political Conflict in Jordan

Based on the aforementioned analysis, it can be argued that hydro-political conflict between Jordan
and Israel is envisioned unless the two countries follow appropriate actions to meet the bourgeoning
demand. Generally, most of the management strategies for water-shared resources are designed based
on qualitative integration between various sectors to achieve mutual objectives. Biswas ed. (976)
argued that some of the objectives are complementary, while others are conflicting, leading to a
failure in meeting the objectives that are originally envisioned. In this regard, water policy planners
shall focus on developing a holistic framework of strategies and alternatives in order to meet, to the
extent possible, the desired outcomes of water collaboration.

It is believed that cooperation between riparian countries on shared water resources is a
fundamental strategy that countries constantly work on to improve. Nevertheless, collaboration itself
would not alleviate water shortage problems, mainly in countries with deteriorated water situation
such as Jordan. Accordingly, water policies and management strategies shall focus on complementary
aspects to tackle water shortage. Those include, among other aspects, the supply solutions and demand
management, which can be applied on a unilateral basis. While most of the literature focuses on
increasing the supply and looking for new water resources, Kirschbaum (1997) claimed that demand
management strategies would indeed result in promising outcomes to minimize the impacts of water
shortage on transboundary disputes.

The case of the JRB and Jordan in particular is unique in terms of its location, water scarcity
level, and constant instability and clashes between countries bordering the Jordan River. The following
strategies are therefore aiming at helping Jordan to effectively manage its water resources, so, reduce or
eliminate potential geopolitical impacts over transboundary resources. Within this context, government
needs to formulate a comprehensive strategy encompasses several parties that govern water situation in
Jordan. This entails working with several parties at the political, social, and financial levels to ensure
positive progress of the policy implementation. Moreover, this requires involving all individuals,
stakeholders, politicians, economists, investors, and large industrial installations and community to
achieve an integrated demand resource management policy. One of the viable strategies to eliminate
conflict and increase the availability of water in the country is to apply ‘demand management’
strategies that result in better conflict resolution as well as decrease pressure on the limited water
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resources. This could be implemented on the community level and national level including industrial
and agricultural sectors, as well as the international level between neighboring countries.

In terms of reducing water consumption, government required to consider individuals-domestic
sector as well as industrial sectors. For individuals, government may adopt an accelerated incentive
regime for water consumption, which allows individuals to obtain different types of incentives as
they achieve reductions in water consumption. If water consumption reduces by a certain percentage,
for instance, a reduction in water bill by the same percentage is granted. The higher the reduction
in water is therefore reflected on the water bill. This would encourage individuals to reduce their
consumption in order to receive higher reductions on their water bills, which would ultimately save
water resources and reduce water scarcity. Similarly, government may develop incentive regime for
industrial activities and factories with different rates and incentives. In this regard, government may
connect the reduction achieved in water consumption with the taxes acquired from industrial sector. If
an industry achieves a reduction in water consumption, taxes therefore reduce by the same percentage
of the reduction achieved in water use. This approach would further encourage factories and industries
to adopt water-efficient practices and eventually preserve water in the county.

One form of collaboration over the JRB is that riparian countries need to collect and monitor data
and samples from the Jordan River on a regular basis, and update data periodically to be constantly
informed with any variations in the quality and quantity of the water river. In order to actively
achieve this strategy, it is suggested that both countries collaborate in building a ‘database center’
that contains all relevant data and information, all in one place, to share knowledge among various
parties and discuss any potential initiatives that aim at maximizing the benefits gained from using the
River. Although large investments are required to build and manage such an informative center, the
center would work as an information hub for all riparian countries and considerably benefit all parties
concerned with the case of the Jordan River management. Benefits include sharing institutional and
capacity building experiences, educational and scientific improvements, as well water management
approaches proposed for the benefit of water utilization.

On the supply side, the option of desalination holds promising prospects for water in the MENA.
Kirschbaum (1997) pointed out that desalination represents a vital water conversion example that
aims at providing additional sources of water to sustain increasing demand. Given the fact that
desalination in Jordan is yet amateur, collaboration between Israel, as one of the leading countries
in desalination in the world, would yield significant benefits. This collaboration could be conducted
under the aforesaid proposed ‘database center’, which could further enhance the outcomes of the
collaboration. Notwithstanding the large befits of desalination as a water conversion resource, it can
be argued that desalination is not feasible from an economic as well as an energy consumption basis.
Accordingly, proper planning for desalination projects is required, particularly in resources-deprived
and economically disadvantaged countries such as Jordan, to effectively accomplish sustainable,
achievable, and relevant alternatives to meet future demand, while reducing rivalry over transboundary
water resources.

Further Work

Based on the above discussion, it becomes crucial for policy consultations on water and conflict
resolution to engage community members and parties in order to achieve desired outcomes. Policy
consultations and the government need to focus on two levels during policy formulation: community
level and international level. Methodologically, this work could inform either levels if placed for
example in the context of SD-facilitated public policy frameworks, such as the one described by
Nasution et al. (2018).

On a community level, there is a need to promote awareness related to water scarcity, water
management, climate change, and the use of common applications such as water saving devices to
improve the efficiency of water use. Alongside promoting aspects of conservation and efficiency,
efforts need to highlight the importance of periodic water audits and the importance of conducting
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them. It is believed that increasing the level of awareness about the problem would trigger creative
and innovative solutions to optimize consumption. Moreover, government needs to focus on preparing
comprehensive plans to enforce water harvesting in the country, mainly in domestic sector. This
would prevent wasting rainfall water and help individuals to utilize rainfall from households’ roofs.

Aside from that, there is a need to increase the level of awareness about water scarcity situation
in Jordan and about where Jordan is ranked among countries in terms of available water resources.
More importantly, identify the impacts of geopolitical and economic burdens of the lack of water
resources on the national security and stability.

On the international level, riparian countries need to foster a culture of conversation, collaboration,
and knowledge and resource sharing in order to effectively tackle shared water problems. In this
respect, it is recommended that Jordan and Israel move forward in the construction of the ‘Dead-Red-
Sea Water Conveyance Canal Project’. The project is funded by the World Bank and holds promising
prospects for supplying the riparian countries with additional water quantities and decreeing deficit,
as well as preserving the level of the Dead Sea, that has been declining continuously since the past
few year (Quba’a et al. 2017). Although the project was termed and agreed on in the late 2005; yet, it
has been delaying from a political, economic, and environmental perspectives. Therefore, resuming
the dialogue between countries concerning with the project implementation, namely Jordan, Israel,
and Palestine, and adopting the project will decrease the pressure on the shared water resource,
increase collaboration between countries, and improve water supply and allocation for inhabitants
served by the JRB. The project is also envisioned to save the environment and ecosystem of the Dead
Sea basin as well'.
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ENDNOTES

! On December 9, 2013, the ministers of water and irrigation of Jordan; energy and infrastructure of
Israel; and minister of water of the Palestinian Authority signed the agreement and official papers to
construct the Dead-Red-Sea Water Conveyance Canal Project, at the Washington headquarters of the
World Bank. According to the minister of water and irrigation of Jordan, effective implementation of the
project would start in the third quarter of 2015 while tenders for the first phase would be solicited for
local and international firms in November of the same year. The first phase entails building and operating
desalination plant in Aqgaba to provide around 1,000 (mcm) a year for use in southern Israel and southern
Jordan through diverting brine water from the Red Sea into fresh water (Sherwood, 2013; Kershner, 2013).
Authors Note: This agreement represents a prefect example for collaboration among riparian countries,
and supports the arguments that conversation and knowledge sharing between countries are key factors
for water conflict resolution, and that dispute over water resources could be eliminated; and instead, used
as an instrument for collaboration and development to improve water conditions in all riparian countries.
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