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Abstract

Water-scarcity in the Hashemite Kingdom of Jordan seriously affects the social and economic
development of he country. Water availabilitper capta rankslowest in the world and all renewable
water resources of suitable qlity are fully exploited. The situation is likely to exacerbate as population
doubles in the coming decades and climate change scenarios indicate a significant reduction in water
qguantity. Indeed, the threat of depleting water resources that can no longeet the increasing
demand might crea political instability in the ikgdom and wreak havoc on future generations. Inter
basin transfers could provide the necessary relief, yet, the political situation in the region impedes a
constructive solution in tlsi direction. Hence, answensustbe found atan intracountry level. This also

is themotivation of the current thesis where we investigate the use of Treated Waste Water (TWW) in
the agricultural sector as key scenarido reduce the strain on water resioces. Tis thesis focuses on

the Jordanvalley (JV), an important regional supplier of crops and vegetables, where much of the fresh
water resources ar®2 y adzYSR® | S nn LISNI OSyid 2F (GKS =+ ffSe.
of water, while theexpansion is urgently required to meet the growing food demand. This growth can
only be realized with additional water volumes as the widely implemented drip irrigation leaves little
room for efficiency gains dhe farm level. A chemical water analysiogied that TWW in Jordan meets

the national and international standards of water quality and can be a valuable contribution for irrigated
agricultuie. We also found using a new Water Reuse Index (WRI) that there still is considerable room for
an increase offTWW volumes as currently only 34 per cent of the waste water is being treated. A
forward-looking evaluation of various water resource allocations with fresh and TWW sources,
effectuated by the WEAP model, shows that historical dam water volumes couleépbeduced with
confidence and can be used for further scenario evaluation. The results of an extensive survey among
400 farmers shaed that 96 per cenare willing to accept the TWW. Furthermore, farmers are willing to
pay four to five times moref the curent water price. The results of our ordered logit model show that

it is recommendable to make site specific pricing and extension programs when TWW is introduced or
further expanded. Finally, we simulated various pricing regifoefour archetypes of faning systems
considering nutrients in TWW for its cost saving effects on fertilizers and crop specific effect of salinity.
The results show that additional TWW volume increases farmer incomes considarablyvhile
fertilizer costs could be saved salin&/\WV levels affect citrus and banana production negatively. We also
found that it is difficult to cover the costs of new TWW plants and sewage infrastruaitinefarmer
contributions alone. This is also not necessary as the environmental and health effeC®W will
benefit the society as a whol&Ve conclude that there are good prospects for further agricultural
development in the JV when the use of TWW in Jordan is expamdepadual increase in farmer
contributions seems justified as additional profier water volume outweigh the increase in costs by

far.



Kurzfassung

Wasserknappheit hat in Jordanien einen erheblichen Einflud auf die soziale und 6konomische
Entwicklung des Landes. Der Wasserverbrauch pro Kopf zéhlt zu den niedrigsten weltweit, i@obei d
erneuerbaren Wasserressourcen geeigneter Qualitét bereits komplett ausgebeutet werden. Vor dem
Hintergrund einer drohenden Bevdlkerungsverdopplung in den néachsten Jahrzehnten und
verschiedenen Klimawandelszenarien die eine drastische Verringerung d&gbaren Wassers
vorhersagen wird sich die aktuelle Situation wahrscheinlich noch verscharfen. Die Gefahr, dass
Wasserressourcen durch den steigenden Bedarf erschopft werden kdnnen, kdnnte die politische
Stabilitat des Landes in Zukunft bedrohen. Hierritén Wassertransfers aus anderen Einzugsgebieten

fur die bendtigte Entlastung sorgen. Allerdings behindert die politische Situation in der Region eine
konstruktive Losung, weshalb die Antworten auf diese Frage wohl in den einzelnen Landern gefunden
werden missen. Die vorliegende Arbeit befasst sich mit diesem Problem. Sie untersucht, inwieweit
geklartes Abwasser zur Entlastung der Wasserressourcen beitragen kann. Da im Jordantal ein
bedeutender Beitrag zur regionalen Lebensmittelversorgung geleistet widddamt dariber hinaus
erhebliche Mengen an Frischwasser verbraucht werden, fokusiert sich die Arbeit auf dieses Gebiet.
Alleine 40% der Produktionskapazitaten im Jordantal sind aufgrund von Wasserknappheit bisher
unerschlossen, obwohl sie zur Deckungweachsenden Nachfrage dringend benétigt werden. Weiteres
Wachstum ist aber eng an die ErschlieBung neuer Wasserressourcen gekoppelt und die weitverbreitete
Tropfbewésserung auf den Feldern der Farmer bietet hier wenig Spielraum fir eine Optimierung.
Wasseranalysen vom Auslauf jordanischer Klaranlagen erfillen sowohl nationalen als auch
internationalen Qualitatskriterien an die Wiedernutzung. Somit kann dieses Wasser einen wertvollen
Beitrag durch Nutzung in der Landwirtschaft leisten. Mit Hilfe des neuekélien
Wasserwiedernutzungsindex (WRI) wurden erhebliche Potentiale bezlglich der bisher ungeklarten
Abwassermengen aufgedeckt. Momentan werden lediglich 34% des Gesamtabwassers geklart. Anhand
einer Vorwartsmodellierung mit WEAP wurde die gunstigsteeilarig von verschiedenen Frisaind
Abwassern ermittelt und festgestellt, dass sich historische Wasserstande in Dammen des Jordantals
zuverlassig bestimmen lassen und damit in zukinftigen Szenarien zur Evaluierung herangezogen werden
kénnen. Eine ausgiaipe Befragung bei 400 Farmern zeigte eine durchgehend positive Resonanz,
demnach kénnen sich 3% vorstellen, geklartes Abwasser zur Bewasserung ihrer Felder zu nutzen.
DarlUberhinaus erklarten sie sich auch bereit, ein-\é& flinfaches des Wasserpreigasdieses Wasser

zu bezahlen. Die Anwendung eines Ordinaregita 2 RSt f a4 -logt-Z ARSNER F NK NI
Empfehlung, Preisgestaltung bei der Einflihrung von Klarwasser zur Bewadsserung oder Ausdehnung des
Programmes standortspezifisch durchzufiihreruleZzt wurden anhand von vier Farmarchetypen
verschiedene Preissyteme hinsichtlich Nahrstoffgehalts des geklarten Wassers, Kostenreduzierung durch
eingesparten Diungereinsatz und den Enflul3 von Salz auf die Pflanzen simuliert. Die Ergebnisse zeigen,
dass zséatzliches Wasser in Form von geklartem Abwasser eine erhebliche Einkommenssteigerung fur
die Farmer bedeutet. Zwar hat das salzige Klarwasser negativen EinfluR auf das Wachstum von
Zitrusfriichten und Bananen, gleichzeitig sinken aber auch die Ausgab&nifigemittel. Kosten fr

neue Klaranlagen und Abwasserkanale sollten jedoch nicht allein durch Umlage auf die Farmer gedeckt
werden. Dies ist allerdings gar nicht notwendig, da die gesamte Gesellschaft von den Folgen im Umwelt



und Gesundheitsbereich prafren wird. Zusammenfassend gibt es gute Aussichten auf eine optimierte
Nutzung der landwirtschaftlichen Ressourcen im Jordantal, bei einer weiteren Ausdehnung der
Klarwassernutzung. Ein allméhliches Umlegen der entstehenden Kosten auf die Farmen scheint
durchaus angebracht, da deren zusatzliche Einnahmen pro Wassereinheit die entstehenden Kosten
mehr als ausgleichen.
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1. Introduction

1 Introduction

.( ATXCF373 NHO abxF FBM nvBRFWPHBHOF Wp & H

Surah 15, the Stone, Aya 22! YR ¢S &SYyR GKS FSOdzyRIGAYy3 gAY
descend from the sky, therewith providing you with water (in abundance), thgughare not the
JdzZ- NRAFYya 2F Ala aiz2NBaédo

0And the Lord will be your guide at all times; in dry places he willygivevater in full measure,
and will make strong your bones; and you will be like a watered garden, and like aftosviag spring.
(Isaiah 58,11p ¢

The Middle East is one of tmost water scarce regions in the wodad pressure on water resources is

likely to increase with exploding populations, expansion of the agricultural sector and soaring demands

of a more affluentsociety. Water scarcity in the region dates from ancient times as clearly shown in the

guotes above from two of the most important baeKrom this region. Water scarcitig increasingly

affecting the economic and social developmentthé regiomQa O2 dzy (i 8% $fathe avésri8 NB
populationaccesses Saa G KFy wm: 2F (KS @wiiBaRkJdly, 0065 a4 Ko I (0 SNI NB

The Hashemite Kingdn of Jordanis no exception andhas been identified as one of the higher water

stress countrieglefined as areas whermore than 40% of total availabMater is withdrawn (UNEP

1999). Steve Lonergafhonergan 2003jrom the United Nations Environmental dgramme (UNEP)

statesi K 0Y G ¢ KS aA fderhaps tifelgieatest lctiv@e@ 2ljo& water shortagg 2025

most of the Middle Eas©2 dzy G NA S& | NB SELISOGSR G2 Figudd-Np Sy 0SS 4
Next to the quantity it is also the quality of the available water which is of great concern in water scarce

areas (UNEP 2002).

It is becoming clear that good water management can solve many of the problems of pollution and
scarcity. Most of thecitizens of Jordan and Israel, for example, two of the most 'watarce' countries

in the world, have access to adequate supplies of safe water, largely as a resullofcet full control

of the available water resources and effective irrigation stategyin the agricultural sector, the largest
water consumer in both countries

Many of the water resources, surface and ground water, are shared among riparian states in the
different watersheds in the regioms key aspect in theetransboundary water dicussiosin the MENA
region is connected to the emerging Qislzd & A 2 Y -R §3 SIKRyREdER®Gembry maintains a
position in a basin in which it receives more than its equitable share of the water. In the Jordan River
Basin, Israel is in such a positiofhe hegemonic position seems not to be related to riparian position
but is a reflection of the relative economjmoliticaland militarypower in the basir{Zeitoun 2005).
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Figurel-1: Global water stress countrie@JNEP 2002)

A brief example, He total area of the Jordan River Basin is approximately 18,060&dd the river is
generally considered to have an average flow of approximately 1,40@mdubic meters (lvh3)/year
(Phillips et al. 2006)At present, five caiparian's share the water resource of the basin. These are
Lebanon Syriag Israe| Jordan and the Occupied Territories of Palestine, of which only part of the West
Bank is located ithe Jordan River BasiMost of these water resources are controlled but not equally
distributed. Israel taps the upstream waters from Lake Tiberias with its National Water Carrier. Jordan
and Syria built dams in the Yarmouk River where part of the watepent on agricultural sites of the
Syrian Territory and the remaining part flows into the King Abdullah Canal that brings the water to the
irrigated areas in the Lower Jordan Valley and to urban sites (Irbid and Amman). Israel also has access to
groundwater resources under the West Bank. Currently Israel receives 44 per cent of its water resources
from the West Bank, Syrian territory and Lebanon (Keyzer et al, 2804hese water interventions

have two serious losers: the Palestinians on the West Badkthe ecology in the Lower Jordan Valley.
The researcthof this studywill concentrate on the Jordanian part of the areshat is known as the
Jordan ValleyJV) It is a part of thelong Dead Sed&Rift system(420 km) that runs from theLebanon
Mountainsin the north to Agaban the south. The northern padown to the Dead Sea divided into
eastern and western parts by the Jordan River itself. Bordered by a steep escarpment on both the
eastern and the western side, the valley reaches a maximum widtiveafty-two kilometres at points.

The Jordan Valley Authority (JVA) identifibe Jordanian partrbm the Yarmouk Rivedown to the

Dead Seasthe JVarea.

The Jordan Valley includdse west and east banks, where the eastocated in Jordan and the seis
shared between the Palestinian territory and Israel, Figuge
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1.1 Research Problem

Water has the specialharacteristic that it does not disappear even when it evap@até just enters
the water cycle Ater use itstill can bereused several timg This is also considered part of the solution
to the growing water scarcity in Jordan, which makes it imperative to incrémespractice ofutilizing
non-conventional watesourcedor irrigation such as treated wastewater and brackish water.

Indeed, vastewater in Jordams a potentialsource of norconventional water production with volumes
rising and continuously available due to growinghan populations. Its reuse leads to savings in
conventionalprimary water that could then be reserved for meetirtge demand for highequality
water (potable).

The Jordan Valley Authority (JVA) recognises that agriculture is impantdtstsocial, economic and
environmental dimensions within Jordaman society Intensive agriculture play an increasinly
important role in the region yet, fresh water isvying for primacy in domestic use. Sothe JVA
developed a strategy and policy to increase the use of-camventional watersources Efforts were
initiated to use treated wastewater for agriculture 26 years agtisequently adding brackish water for
agriculture in 1985. This may have had a positive impact on the environment, crops and soil because few
farmers have complained about declines in crop productivity while having the desired result of releasing
a highervolume of conventional water for domestic uses.

The German Federal Ministry for Education and Research, considering Resolution 58/217 of the United
bridAz2ya RIGSR HnX 5SOSYOSN) unnn A& &dzLILRNIAY3 |
Managemenf 6 L2 wa 0 Ay NBIA2Yya HAGK 6FGSN) aK2NIF3ISad ¢ K
al yIr3asySyid 2F 1 @FrAatloftS 2F0GSNI wSaz2d2NOSa dheldiK Lyy
SMART research project is targeting development of a transferable apprfoacintegrated Water

Resources Management (IWRM) in the wathort Jordan Valley.

In this context this research is responding to the central question playing on the Jordan Valley: How can
water availability be increased within the social and econoroigext of the Jordan Valley®re farmers

willing to accept and pay for treated wastewater? Could a pricing strategy be designed to cover part of
the costs required for the implementation of TWW plants and sewage infrastructure?

This research, carried outnder the umbrella of the SMART project, investigatad use ofnon-

conventional watersourcesthat could be usedfor agricultural purposes as vell as investigating
FIENYSNEQ | OOSLIIIYyOS 27F dzaAay3a (NBI { &éuld bewidling3os I G SNI A
pay. The results of this study wélvaluate treated wastewater in relation to agricultural production

capacity in the Jordan River Vall&his is also the foundation falecision makers itheir weighing of

variouswater pricingstrategies thacould meet or cover the additional costs for TWW plants.
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Figurel-2: Landsat Image 1999, August

The results of this study wiissistdecision makers and planneirs considemg a bigger view of water
allocation by building different scenarios that could improve the wataration in the JV. WEAP21
program simulations will measure the impact of various water allocation scenarios on agricultural
production in the JV.

The results alscanbe used tohelp the Palestiniafarmers and decision makeis the "West Bank" to
develp a similar program for reuse of treated wastewater and brackish water in the West Jordan
Valley.

1.2 Introduction: State of the art IWRM

1.2.1 The Development of IWRM

In 1987 the World Commission on Environment and Development (WCED) defined sustainable

development- & WRS@Sf 2LISyid GKIG YSSGa GKS ySSRa 27F

FdzidzNB 3ISYySNI GA2ya G2 YSSG GKSANI 26y YySSRaQo !
is the integral view taken of central concepts that the intésesf people, society, economy and
environment need to be seen as an interconnected whole and taftierespecting all interests need to

be made. Economic development has to be viable from a social and environmental point of view. Social
development hado be viable in the light of the economy and the environment. And, environmental
policies have to be attuned to social and economic development. The-bHigl@re ultimately a societal

and political choice (UNICEF 2003).
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The last three decades were nofals 06 SOl dzaS 2F GKS NI AaAy3a 2F GKS Ay
of the urgency of integrated water management. Wise water management is a direct corollary of
improved quality of life.

The International Conference on Water and the Environment, hellislin in January 1992 developed
issues for the Twentirst Century again calling for new approaches to the assessment, development,
and management of freshwater resourc@dNCED 1992)'he Dublin Conference was expected to
formulate sustainable water pigies and an action program to be considered by UNCED. The conference
noted that wateris akey to the achievement of national development goals and a baseline for economic
development. It is crucidior strategic leved of investment in water managementnd infrastructure
needed to achieve water security.

Moreover, the United Nations Conference on Environment and Development in Rio de Janeiro (June
1992) confirmed the widespread consensus that the management of water resources needs to be
reformed. Theconference stated, "The holistic management of freshwater as a finite and vulnerable
resource, and the integration of sectoral water plans and programs within the framework of national
economic and social policy are of paramount importance for actioniseri990s and beyond." (World

Bank 1993)

Integrated Water Resources represends new approach to the assessment, development, and
management of water resources emphasized at various global meetings. According to the United
Nations Development Programme (DR 2000), integrated water resources management is based on
the perception of water as an integral part of an ecosystem, a natural resource, and a social and
economic goodTherefore, mprovingwater resources planning, development, management and use is
critical if countries are to achieve the Millennium Development Goals relating to poverty and hunger,
human health, gender equality and environmental sustainability (UN 2008).

The Hague Forum carefully considered the outcomes of previous water initiatidkacknowledged

gl GSNRa a20ALtX SYy@ANRYYSyGlt> FyR Odz GdzNIF £ @I £ dzS
with appropriate subsidies to the poor when systematically adoptingchsgt water pricing. The Forum

further acknowledged that food sadty, ecosystem protection, empowerment of people, risk
management of water related hazards, peaceful boundary and transboundary river basin management,

basic water demands, and wise water management are achievable through (WBN Water Council

2000)

The German Government hosted the International Conference on Freshwater in Bonn, December 2001
in close cooperation with the United Nations. The aim of this conference was to contribute solutions for
global water problems, to support preparations for theorld Summit on Sustainable Development
(WSSD) in Johannesbu@p02, and the Third World Water Forum in Kyoto, 2003. The Conference
developed Recommendations for Action in three important cresstoral areas: governance,
management and partnerships; miibing financial resourcegnd, capacity building and knowledge
sharing. The Bonn Conference points to the main areas of necessary political attention, thus making
them more substantial for the public. What is required is awarengsditical as well as yblic
awareness to meet the water security needs of the poor. (ICFW 2001)
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The conference reviewed all previous water resources development principles and recognized that there
was often a gap between policy development and practice. This lead the Boner&w® to focus on
practical implementation, not only identifying challenges and key targets, but also recommending action
programs to implement policies in the field. (ICFW 2001)

The Bonn Keyswhich summarized the conference discussions, highlighted kiéne steps toward
sustainable development through meeting water security needs of the poor, and promoting
decentralization and new partnerships. To achieve these steps it suggested IWRM as the most capable
tool. It recommended prioritizing actions in theelfls of governance, mobilizing financial resources,
capacity building, and sharing knowledge.

TheBonn Recommendations for Actiaddressed at the lowest appropriate level issues such as poverty,
gender equity, corruption mitigation, and water managemeniie Conference identified a set of actions
necessary to mobilize financial resources: strengthening public funding capabilities, improving economic
efficiency, and increasing official assistance to developing countries. In the field of capacity htilding
prioritized the need for education and training regarding water wisdom, research, effective water
institutions, knowledge sharing, and innovative technologies.

The Bonn Conference should be commended by the water world for connecting the views of the
developing and developed world and impatrtially revealing practical implementation problems. It also
provided action prograntsan historical milestone for making IWRM truly effective in the field. The key
success of the Bonn Conference was the adoption oBitbien Recommendations in the WSSD Plan of
Implementation.(Rahaman et al. 2004)

The later conference, The World Summit on Sustainable Development (WSSD), held in Johannesburg
South Africa, 2002 has been recognized as a success because it put IWRM abttthédpternational
F3ASYRF® ¢KS 2{{5Qa tfly 2F LYLXSYSyi(liA2y AyOf dzRS
sustainable development. It provides specific targets and guidelines for implementing IWRM worldwide
including developing an IWRM andhter efficiency plan by 2005 for all major river basins of the world;
developing and implementing national/regional strategies, plans, and efficiency; facilitating -public

private partnerships; developing gendsensitive policies and programs; involving ebncerned
stakeholders in a variety of decisiomaking, management, and implementation processes; enhancing
education; and combating corruption. (UNEP 2002)

It is significantthat the Bonn Conference recommendations were adopted within WSSD, and IWARM ha
now become the most internationally accepted water policy tool. The WSSD outcomes also encouraged
major donors to commit themselves to implementing IWRM in the developing world.

The hird World Water Forum held in March 2003 in Kyoto, Japan, also edtfafe, clean water for all,
good governance, capacity building, financing, public participation, and various regional topics. (TWWF
2003a)

A two-day Ministerial conference resulted in the release of a ministerial declaration on a range of water
issues ncluding water resource management, safe drinking water and sanitation, water for food and
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rural development, water pollution prevention and ecosystem conservation, as well as disaster
mitigation and risk management. (TWWF 2003b)

The forum recommended IR as the way to achieve sustainability regarding water resources. The
ministerial declaration addressed the necessity of sharing benefits equitably, engaginggagorand
gender perspectives in water policies, facilitating stakeholder participationurgmgs good water
governance and transparency, building human and institutional capacity, developing new mechanisms
of publicprivate partnership, promoting river basin management initiatives, cooperating between
riparian countries on transboundary watesiges, and encouraging scientific research.

The ministerial declaration also vowed support to enable developing countries to achieve the UN
Millennium Development Goals, and for developing IWRM and water efficiency plans in all river basins
worldwide by 208, the target set at the World Summit on Sustainable Development. (TWWF, 2003b)
Putting stakeholders and water ministers from around the world together in a MNidikeholder
Dialogue (MSD) for the first time in water history was another key achieverreatdition, a proposal

to establish a network of Websites to follow the Portfolio of Water Actions received the fullest support
of all participants. This will result in information sharing and promote cooperation between countries
and international orgaiations. (TWWF 2003a)

1.2.2 Definition of IWRM

Integrated Water Resources Management (IWRM) is a comprehensive water management concept
Beside other similar definitions the subsequent definition follates concepts promoted by the Global
Water PartnershigGWP 2000):

GL2wa Aa | LINRPOSada 6KAOK LINRPY2(3GSa (GKS O22NRAYI GSR
related resourcesn order to maximize the resultant economic and social welfare in an equitable
manner without compromising the sustainability of Viecod @ 3 1 SY & ¢ ® I 1Se 02y O0SLJ

G ¢ K NESE 01 NB ¢ YEomanic Bficericy, sogiEuity andE/ OA NBy YSy Gt &dzad Ayl

Sustainability has become a cogent paradigm for water resources.hdduedthe list of challenge for
Integrated Water Resource Management to mitigate the inequitable and inefficient distribution of water
resources, reduce their vulnerability to excessive demand, and limit the impaatster qualityof both

land and watetbased activitiegGiupponi et al. 206)

¢tKS 22NIR .lyl RSTAYSR L2wa Fay a!y indgthati ®daNl G§ SR ¢
economic, environmental and technical dimensions are taken into account in the management and
development of surface waters (rivers, lakes, and wetlahdg) R ANR dzy Rg | G SNIP¢ 62 2 NI R
World Bank identifiethe Key Challenges associated with developing and managing water resources as
population growth and economic development, water in ecosystems, water quality, water rights and

climate change. ffe inability to predict and manage the quantity and quality of water and the impacts of
droughts, floods and climatic variability imposes large costs on many sgesan the developing

world. On the other hand, ater development and managemenbuld be lased on a participatory

approach, involving users, planners and policy makers at all levels.
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One of the central aims of IWRM is to promote coordination and integration as a means of achieving a

more holistic water management system improving water resowestainability.(JgnchClausen et al.
2001)

L2wa Ffaz2 O2dZd R 6S RSTAYSR a dal &adzadlAylrotsS | LI
multidimensional charactertime, space, multidiscipline (science/technology) and stakeholders
(regulators/ users/proiders/neighbours) and the necessity to address, embrace and relate these
RAYSyaArzya K2t AadAOFffte a2 K G(Thoozs dtlalAi2goB)ot S a2t dzi

Thetime dimensionmainly refers to sustainable development:; actions made now shioellth harmony
with the long term to protect the interests of future generations.

Thespace dimensiomecognizes that the natural unit for all water management efforts is the river basin
2N 6KS 41 GSNEKSRY YR GKSNBEFRABS Adil Q@A wH OSHAH INB & 4

Themultidiscipline dimensionrequires a large number of parameters to be considered in the decision
making process:

Economic, environmental/ecological and social impacts,
Legislation and health issues,

Technique and technology,

Poliical and institutional issues,

Socieeconomic impacts,

Historical and cultural issues

D D D> D> >

Thestakeholders dimensiorgualifies that sakeholders have to be involved in the decision process in
order to incorporate all the conflicting aspirations of the diéfet decision participants.

LGSR RSTAYAGAZ2Y 2F adadlAiAylofsS

¢tKS 3ASySNrtte OO
gAUK2dzi O2YLINRYAAAY3A (GKS | oAfAGE

2F (GKS LINBaSyiz:
(Bebbington 2000; Cook et @005)

Different authors (Jewitt 2002; Jonker 2002) found that there are a number of difficulties with such
general definitions:

A the standard definition assumes a common understanding of what development means;
it assumes the present generation knows whi@a needs of future generations will be;
it does not expliitly link society and resourceghe two elements in development;
it is impossible to measure at what stage of development future generations are being
compromised,;
A it does not seem to considghe different time spans between human lifecycles and

natural cycles.
/| 2YAARSNAY3 GKS |02@0S LRAyda | o0SGGSNI RSTFAYAGA:
AYLINROGSYSylG 2F LIS2LX SQa A0St AK22RAa ¢A(Ka&ha RAAaNT

Y2NB FLILINBLINAFGS RSTAYAGA2Y 2F L2wa ¢2df R 068 avl

> > >
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manner that promotes sustainable development (improves livelihoods without disrupting the water
O0eof Své¢o

A new paradigm is encapsulated in the Integthté/ater Resources Management (IWRddhcept
RSTAYSR o6& D2t |AaY WWLYOGISaINIXrGSR 21 0SN) wSaz2da2NOSa
coordinated development and management of water, land and related resources in order to maximize

the resultant economic rad social welfare in an equitable manner without compromising the
sustdh Y F 0Af AGe 2F GAGEFHE S0232adiSYaqQQ oD2t HWHnncoL®

Within the development of the IWRM concept managing water has became more complex, where there
is a huge competition between water uses (swumh drinking, versus other uses as recreation area,
agriculture, industry and hydroelectricity generation). In addition water uses within the watershed can
lead to the degradation and contamination of water quality. All these factors need to be considered
the planning process for water management uses.

Integrated Water Resource Management needs to look over the entire basin and include all the
elements in the basin that can be affected and influenced by water.

There are three major water resource plangiapproaches as discussed (8harifi 2003which are
utilized today in the water industry. They are: traditional suggije planning, least cost planning, and
integrated resource planning.

A Traditional supphside planning assumes that the problems assed with the
provision of a safe and adequate supply of potable water can be solved by developing
additional capacity as it is needed. It narrowly focuses on the supply side, excludes non
utility interests, and does not allow the utility to be flexible meeting competing
demands and satisfying regulatory policy goals. It also does not take into account
conservation, industrial water reuse, or reasonable assumptions about future trends in
customer consumptions and demands.

A Leastcost planning includes aomprehensive evaluation of all supply and demand
alternatives, where the end result is an attempt to minimize the cost while creating a
flexible plan allowing for uncertainty and a changing economic environment. It includes
externalities such as cost amaclusion of nordzi A f A G& LI NIAOALI yiaQ 3
success of the planning process.

A Integrated resource planning (IRP) is a concept based on participation (customers and
other resource users as stakeholders). It provides for formal integration and
coordination among the several government institutions that have regulatory
responsibilities for water resource matters.

Integrated Water Resource Management explicitly seeks to identify and manage risk and uncertainty
and provides for coordination of ptaing between water utilities in a specific region.

The main challengéor IWRM is how to integrate the development in management and planrmind,
sustainability conceptaith the growing number of disciplinary qualitative and quantitative models, and
the advances in information technologyhow to achieve sustainablenethods of making use of
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resources in particular, sharing limited water resourcaad, how to implement an adaptive €o
management concept.

Understanding the concept of IWRM on different lewe(Jianzhong et al. 2008)he first level is
systematic consideration of the various dimensions of water, such as surface water and ground water,
different quality of the water, the water within the basin and the water used outside the basin, etc. The
key issue is that the water system is formed by many interdependent components such as floods,
pollution, wet land, fishery, irrigation, etc. The second level of IWRM focuses on the interaction between
water, land and environment, such as floods, pollutiont i@ed, fishery, irrigation, etc. Finallhe third

level emphasies the interaction between water, society and economic development. IWRM tries to
promote the social economic development through efficiency of water resources management, to
achieve the ofective of sustaining water utilization and social economic development, which makes the
implementation of IWRM a complex and huge system process.

Many countries, developing or developed, are trying to find their own way to solve their water problems
using the IWRM concept to deal with water shortage, water pollution and ecological system
degradation, etc.

The shift in water resources management farnthe expression Integrated Water Resources
Management (IWRM) and its definition identifying IWRM as medtingan requirements for the use of
freshwater, whilst maintaining hydrological and biological processes and biodiversity which are
considered essential for the functioning of ecosystems, the sustainable use of water resources and the
maintenance of goodsral services provided by them. Worldwide, this is a concept that is being

AYONBlaAy3dte Lidzi Ayidz2 LINIOGAOS FyYyR AyO2NLIRNI (S4a

YIEYFISYSYyGiQQd oWSgAGO HAanHO

This research paper tries to apply the concept of IWRBMe&fined in this and the following chapter by
studying the water allocation and valuing the water in the Jordan Valley as it appears in the following
diagram Figurel-3).
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Baseline Analysis

Field work
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| |
| I
_______________ J

Figurel-3: the Conceptual Framework for the research study applying IWRM model in the JV

1.3 Objectives

The study addresses Integrated Water Resources Management challenges in the region by generating,
synthesizing ath disseminating useful information and knowledge on basin level water resource
management for use by practitioners, planners, policy makers, and donors.

To achieve this goal the study includeetigpth analyses and comparisons of the historical develogmen

and present status at the Jordan Valley Basin. The intention is to create a generic understanding of how
societies manage water resources with limited renewable water resources to meet growing demand
outlining which problems are faced and which soluticare available for a given physical and social
context. The following objectives achieve this goal:

T

Simulation of the Jordan Valley (JV), by presenting the water allocation schema using
the WEAP model to evaluate the impact of various water allocaticemnasios on
agricultural production;

Introduction of a framework for Wastewater Reuse in Jordara monitoring togl
Investigation of the Water Reuse Index (WRI) in Jordan to calculate the gap between
achievements at different junctures, and identify wasaving efforts;

Employment of the Contingent Valuation (CV) method to investigate the farmers
Willingness to Accept (WTA) and the farmers willingness to pay (WofRjeated
wastewater for agricultual usein the Jordan Valley (between the Yarmouk Reved

north of the Dead Sea);

Analyse the socigultural opportunities (incentives) and constraints (disincentives) that
influence the adoption of wastewater treatment and reuse for agricultural irrigation;
Investigation of the cost of TWW per cubic meter éach wastewater treatment plant
(WWTP) to be evaluated with willingness to pay (Wam/J,

11
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1 Development of a methodology foan Irrigated Water Price in the Jordan Valley
according to water quality, taking in to consideration the incentives to change3$aNA Q
applied fertilizer practices when using TWW.

1 We will analyze the possibilities for expanding the TWW volumes and covering the costs
under various price water tariffs

1.4 Methodology

This section describes the methodology that was used in this study.

1.4.1 Data collection

Verifiable information is crucial to good polioyaking andhis study therefore,relieson two types of
datawhich quality is assured by various sources. The primaryiddtee research have been collected
through a structured questionnarthat has been completed by fate-face interviews with farmers in

the study area. The collected data from the field questionnaire will provide the necessary information
for estimating the willingness to accept (WTA) using TWW and willingness to pay kWi farmers

for the treated wastewater in agriculture in addition to other useful information that will be used in the
guantitative analysis. This will be done by employr@ontingent Valuation Method (CVMjat is used

to estimate economic value®Iif all kinds of ecosystem and environmental services. It can be used to
estimate both use and noeuase values, and it is the most widely used method for estimatingusen
values(King et al. 2000).

The secondary data wemllected from sources such as depnents of statisticand several institutes
such as theMinistry of Agriculture,the Ministry of Water and Irrigation andhe Ministry of the
Environment. Secondary dateere further obtained from published reports and studies prepared by
other researchkrs or institutions or donor agencies assuming that the data have been peer reviewed for
accuracy.

1.4.2 Analytical Procedure

Data processing will be done at three stages to fulfil the requirements of each stage:

Stage one:

Simulating water supply and demand ihe Jordan Valley Region to evaluate the use of treated
wastewater in relation to agricultural production. The study capitalizes on extensive primary and
secondary spatial data sets to accommodate a production function that reproduces geographically
specifc agricultural production. The information is processed in a WEAP model to evaluate the impact of
various water allocation scenarios for agricultural production.

Stage two:

The CVMs based ora questionnairethat reveab NB & LJ2 yderSoyialrélu@tanceor propensity to
considerthe use of treated waste water instead of fresh watelvoreover, the questionnaire includes

12
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topics thatprovide the necessary information féarmersto enable them ininformed decisiommaking
and to identify and reveal their matary valuationsof TWW We distinguish the following five steps in
this stage of the research.

A Step 1:Defining how to value the issue. Is using treated wastewater as a farming decision
determined as a worthwhile service that farmers are willingptmchase?

A Step 2: Making preliminary decisions about the survey itself, including whether it will be
conducted by mail, phone or in person by faoefaceinterviews how large the sample size will
be, who will be surveyed (the targeted population), and otfetated questions.

Interviews face to face are generally the most effective for complex questiemsn though

they can be more expensivebecause it is often easier to explain the required background
information to respondents in person, and people are mdikely to complete a long survey
when they are interviewed in person. The drawback is that the sample is restricted by the
available budget.

This in fact was the chosen method for conducting this survey. In théhdWace to face
interview was the rost reliable method since farmers there have their own social cultural
structure (as education level, accessibility, trust of others, fluency in English, etc.).

A Step 3:The actual survey design. This is the most important and difficult part of the process
requiring several months to complete. It is accomplished in severab®s: initial interviews
or focus groups with the types of people who will be receiving the final survey. Then, the
guestions get more detailed and specific to help develop spagifestions for the survey, as
well as to decide what kind of background information is needed and how to present it. This
requirest SF Ny Ay 3 Fo2dzi GKS FFENYSNERQ ¢ NBySaa NBII
After a number of focus groups have been cottgd, an idea of how to provide background
information is developed to describe the hypothetical scenario for asking the valuation
guestion, and to start préesting the survey.

There are many elicitation formats that could be used for theestionnaire: penended,
bidding game, payment card, sindgdeunded, one and a half bounded and double bounded
dichotomous choice and randomized card storing procedure. There are no scientific principles
that guarantee a single optimal questionnaire desigspite the nany dtitude-behavioural
studiesby cognitive psychologists and sociolog{&ateman et al. 2004)

For the purpose of this research two types of techngjbhave beenmplemented. The firsis
dichotomous choice (Yes/No) used to obtain WTA. The biddinmg  used for WTPwhereby
the values are presented in ordered classes from: 0QQ0®2 JD per cubic meter

A Step 4:The actual survey implementation. The first task is to select the survey sample. The sample
of this survey was selected randomly by gsstandard statistical sampling methods, then the
actual implementation. The sample size of this survey was (400) farm units would have been
needed in order to select a 0.05 size sample of all the area under study. In considering both, the

13
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final total sanple was (401) farm units, which is distributed as (122) farm units in the North,
(127) farm units in the Middle, and (152) farm units in the South.

A Step 5: Analyze and report the results. The data were entered to the computer and analyzed by
using the appopriate statistical techniques for the type of the survey questions. A descriptive
analysis was carried out to analyse the farmer Willingness to Accept (WTA) using treated
wastewater in agriculture and th&armer Willingness to & (WTP) by employing aasistical
package (SPSS) for analysis.

Stage three:

Wastewater is a valuable resource as an agricultural water source. Further, the rich nutrient stock
contained in wastewater provides a major benefit for agricultural and other purposes.

The challenge fad by policymakers is how best to minimize the negative effects of wastewater use,
while at the same time obtaining the maximum benefits from this resource.

The potential benefits of wastewater use in agriculture may be summarized as follows:

provides a eliable source of water supply to farmers for crop production;

conserves nutrients thereby reducing the need for artificial fertilizers;

increases crop yields and returns from farming;

provides source of income through its use in other enterprises as@dyquaculture; and,
is a lowcost method for sanitary disposal of municipal wastewater.

p N S S N

Wastewater could also have harmful impacts in agriculture, with potential costs attached to its use such
as:

A increased exposure of farmers, consumers and neighbguommunities to infectious
diseases;

A lead to groundwater contamination;

A longterm wastewater useould damage soil resources, e.g. build of salts and heavy
metals in the soils, whichmight reduce soil productive capacity;

A lower property values in # vicinity;and,

A other unforeseen negative impacts on soeicological systems.

Taking into consideration all incentives and disincentives a framework for pricing agricultural water at
Jordan Valley will be proposed at the end of this chapter.

1.5 Thesis Structure

Chapter 1:Introduces the problem, objective, scope, and approach of the reseiremphasizes that

the growing water scarcity in Jordan makes it imperative to increase best practices and dependency on
non-conventional water in irrigation such aseated wastewater and brackish water. This made the
government of Jordan recognize the importance of reclaimed wastewater as-aamwentional water
resource. Indeed, n Jordan substantial amounts of the wastewater that are collected are still

14
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dischargednto water coursesr in the undergroundvithout treatment. Moreover, not all wastewater
generated is treated or connected to a sewage systdiming discharged through septic tanks and the
like. The research objective is to analyze the scaitural oppotunities and constraints that influence
the adoption of wastewater treatment and reuse for agricultural irrigation in the Jordan Valley.

Chapter 2: Study areq case study in the Jordan Vallegresents a background on the Jordan Valley at
the Hashemite Kigdom of Jordan where this research was carried out introducing the socio economic
characteristic of the JV.

Chapter 3: Framework for wastewater reuse in Jordapresents a conceptual framework for
wastewater reuse, identifying Jordan as a pioneer in waater treatment and reuse in the Middle
East.

Reducing the gap between supply and demand in the reclaimed wastewater market entails increasing
the rates of wastewater treatment and reuse. The currently used indicators to quantify achievements in
wastewate reuse account only for the reused amounts of wastewater from urban treatment plants
while omitting that from rural disconnected communities. These indicators are reviewed and a new
indicator called the Wastewater Reuse Index (WRI) is introduced quagtifiie amounts actually
reused as a percentage of total wastewater production (urban and rural).

Chapter 4:Modelling water allocation in the Jordan Vall&mulations of water supply and demand in

the Jordan Valley Region are used to evaluate the featwand benefits of treated wastewater in
relation to agricultural production. The study capitalizes on extensive primary and secondary spatial
data sets The information is processed in a WEAP model to evaluate the impact of various water
allocations scengos for agricultural production.

Chapter 5:The socieeconomic situation of the farmers in the JV affects the willingness of those farmers
to accept and pay for reclaimed wastewater (WTA and WTP). A regression weasldeveloped to
O2NNBf I (i S cisfohsNwits Niarizial Btighwli as inducement. Aldactors (incentives and
disincentivesere analyzel and assessed that promote or discourage the use of reclaimed wastewater
in irrigated agriculture. This analysis will help explain the fundamentaindrifdrces for wastewater
reuse, as derived from existing field experiences.

Chapter 6 The implementation of additional TWW and related water way infrastructure will increase
the available water volume for the farmers in the JV. We analyzender quality of the TWW in
relation to the water prices. Furth more, TWW investments are costly and we evaluate in a scenario
setting whether various water tariffs can cover the costs of new TWW plants.

Chapter7: this chapter includes the story lirend the out firding of thisresearch TWW is a new source

of water known as unconventional water. Using this water in agriculture sector will help to reduce the
stress on the freshwater that can be allocated to domestic uses. At the end the study we are proposing
pricing scenarios which take into consideration the quality and the cost analysis for TWW versus the
fresh water.
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2. Study Area: Case StudigrdanValley

2 Study Area: Case StudyJordan Valley

2.1 Jordan Valley Background

2.1.1 Geography

The Jordan Valley Authority (JVA) is responsible for that part of the Rifitg/alley on the
Jordan side that runs from the Yarmouk Riirethe north to Al Agaba in theosith, with the

Jordan Riveextending from Lake Tiberius in the north to the Red Sea in the south, over a total
length of380 kilometre. The nrthern part, flom the Yarmouk River to the Dead Sea, is known

as the Jordan Valley (JV). It is divided into eastern and western parts by the Jordan River.
Bordered by a steep escarpment on both the eastern and the western side, the valley reaches a
width of twenty-two kilometres atits widestpoints (THKJ 1998)

The JordarRift \alley altitude varies from 200m below sea level (in the north) to @OBelow

sea level (in the south)emperatures are moderate during winter (on average between 15°C and
22°C between Novembeamnd March) and reach record levels during summer commonly exceeding 45°C
during the day in the months of June, July and August. The climate isagdmin the north
(precipitations of 350mm/year) and arid in the south (50mm/year near the Deald Sea

Uplands

Eastern Plateau or Badia

Al Zhor Al Ghor >1,000 m ASL

300 to |
400 m { /
BSL ~

e
Jordan flow

Sea Level

Al Katar
Figure 2-1: Topograplic cross sectiomf the Jordan River Basin in Jordan.
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The Jordan RiveffFigure 21) flows in a
30m to 60m deep gorge through a narrow
alluvial, fertile plain locally called "Al Zor"
from 200m to 2km wide. The rest of the
valley, called "Al Ghdr in Arabic, is a
fertile area formed by colluviums coming
from neighbouring mountains analluvial
fans lying onthe lacusturiesediments of
Lake Lisan, which covered the area 14,000
years ago. Geiyt sloping (1.% to 2.5%)
from the mountains, it i40km wide in the
north, narrows down to 4km in the
middle, finally widemg to 20km in the
south. In these two areas, soils are deep
and of good quality but, because of the
climate, only a steppe and songgassland
existed before the reclamation of the
valley, with the notable exception of small
areas irrigated by the sidewadis and
springs(Courcier et al. 2005)

The Rift ¥lley on the southern side of the

Dead Sea is known as the Southern Ghor

and theWad al Araba. The Southern Ghor

runs from Wadi al Hammah, on the south

side of the Dead Sea, to Ghor Fifa, about Figure2-2: The Jordan Valleyuthority boundaries by Jorda
twenty-five kilometers south of the Dead Sed2W-

Wadi al Araba is 180 kilometers loagd continuego Al Agabah in the souttMetz De¢ 1989.

The Jordan Valley Development Law No. 19 of 1988 (amended in 2001) identifies the area of JVA
responsibilityas extendingrom the Yarmouk River in the north to the Red Sea in the s@itiure 22).

The eastern extension of the area is limited by the oantline at 300m above mean @&éevel (a.m.s.l.)

north of the Dead Sea and the contour line at 500m a.m.s.l. south of the Dead Sea. The JVA service area
O2YLINR&Sa W:x b2NIKX Wt {2dz2iKx {2dziKSNYy DK2N&E I yR
responsibilities is about,800 Knf Figure2-2, distributed through eight governoratggVA 2008): Irbid

! The northern part of the valley is known as t&#or, and it includes thdordan RiverSeveral degrees warmer
than adjacent areas, its yeaound agricultural climate, fertile soils and water supply have made the Ghor a key
agricutural area

% Wadi(Arabic p p)Fsm narrow valley with a dmjverbedthat contains water only during times of heavy rain
flash floods.
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