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Abstract  

Water-scarcity in the Hashemite Kingdom of Jordan seriously affects the social and economic 

development of the country. Water availability per capita ranks lowest in the world and all renewable 

water resources of suitable quality 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 

quantity. Indeed, the threat of depleting water resources that can no longer meet the increasing 

demand might create political instability in the kingdom 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 this direction. Hence, answers must be found at an intra-country level. This also 

is the motivation of the current thesis where we investigate the use of Treated Waste Water (TWW) in 

the agricultural sector as a key scenario to reduce the strain on water resources. This thesis focuses on 

the Jordan Valley (JV), an important regional supplier of crops and vegetables, where much of the fresh 

water resources are ŎƻƴǎǳƳŜŘΦ ¸ŜǘΣ пл ǇŜǊ ŎŜƴǘ ƻŦ ǘƘŜ ±ŀƭƭŜȅΩǎ ǇƻǘŜƴǘƛŀƭ ǊŜƳŀƛƴǎ ǳƴǘŀǇǇŜŘ ŘǳŜ ǘƻ ƭŀŎƪ 

of water, while the expansion 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 at the farm level. A chemical water analysis showed that TWW in Jordan meets 

the national and international standards of water quality and can be a valuable contribution for irrigated 

agriculture. We also found using a new Water Reuse Index (WRI) that there still is considerable room for 

an increase of TWW 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 could be reproduced with 

confidence and can be used for further scenario evaluation. The results of an extensive survey among 

400 farmers showed that 96 per cent are willing to accept the TWW. Furthermore, farmers are willing to 

pay four to five times more of the current 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 regimes for four archetypes of farming 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 considerably and while 

fertilizer costs could be saved saline TWW levels affect citrus and banana production negatively. We also 

found that it is difficult to cover the costs of new TWW plants and sewage infrastructure with farmer 

contributions alone. This is also not necessary as the environmental and health effects of TWW will 

benefit the society as a whole. We conclude that there are good prospects for further agricultural 

development in the JV when the use of TWW in Jordan is expanded. A gradual increase in farmer 

contributions seems justified as additional profits per water volume outweigh the increase in costs by 

far.  
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Kurzfassung  

Wasserknappheit hat in Jordanien einen erheblichen Einfluß auf die soziale und ökonomische 

Entwicklung des Landes. Der Wasserverbrauch pro Kopf zählt zu den niedrigsten weltweit, wobei die 

erneuerbaren Wasserressourcen geeigneter Qualität bereits komplett ausgebeutet werden. Vor dem 

Hintergrund einer drohenden Bevölkerungsverdopplung in den nächsten Jahrzehnten und 

verschiedenen Klimawandelszenarien die eine drastische Verringerung des verfügbaren Wassers 

vorhersagen wird sich die aktuelle Situation wahrscheinlich noch verschärfen. Die Gefahr, dass 

Wasserressourcen durch den steigenden Bedarf erschöpft werden können, könnte die politische 

Stabilität des Landes in Zukunft bedrohen. Hier könnten Wassertransfers aus anderen Einzugsgebieten 

für die benötigte Entlastung sorgen. Allerdings behindert die politische Situation in der Region eine 

konstruktive Lösung, weshalb die Antworten auf diese Frage wohl in den einzelnen Ländern gefunden 

werden müssen. Die vorliegende Arbeit befasst sich mit diesem Problem. Sie untersucht, inwieweit 

geklärtes Abwasser zur Entlastung der Wasserressourcen beitragen kann. Da im Jordantal ein 

bedeutender Beitrag zur regionalen Lebensmittelversorgung geleistet wird und dort darüber hinaus 

erhebliche Mengen an Frischwasser verbraucht werden, fokusiert sich die Arbeit auf dieses Gebiet. 

Alleine 40 % der Produktionskapazitäten im Jordantal sind aufgrund von Wasserknappheit bisher 

unerschlossen, obwohl sie zur Deckung der wachsenden Nachfrage dringend benötigt werden. Weiteres 

Wachstum ist aber eng an die Erschließung neuer Wasserressourcen gekoppelt und die weitverbreitete 

Tropfbewässerung auf den Feldern der Farmer bietet hier wenig Spielraum für eine Optimierung. 

Wasserannalysen vom Auslauf jordanischer Kläranlagen erfüllen sowohl nationalen als auch 

internationalen Qualitätskriterien an die Wiedernutzung. Somit kann dieses Wasser einen wertvollen 

Beitrag durch Nutzung in der Landwirtschaft leisten. Mit Hilfe des neuentwickelten 

Wasserwiedernutzungsindex (WRI) wurden erhebliche Potentiale bezüglich der bisher ungeklärten 

Abwassermengen aufgedeckt. Momentan werden lediglich 34% des Gesamtabwassers geklärt. Anhand 

einer Vorwärtsmodellierung mit WEAP wurde die günstigste Verteilung von verschiedenen Frisch- und 

Abwässern ermittelt und festgestellt, dass sich historische Wasserstände in Dämmen des Jordantals 

zuverlässig bestimmen lassen und damit in zukünftigen Szenarien zur Evaluierung herangezogen werden 

können. Eine ausgiebige Befragung bei 400 Farmern zeigte eine durchgehend positive Resonanz, 

demnach können sich 96 % vorstellen, geklärtes Abwasser zur Bewässerung ihrer Felder zu nutzen. 

Darüberhinaus erklärten sie sich auch bereit, ein vier- bis fünfaches des Wasserpreises für dieses Wasser 

zu bezahlen. Die Anwendung eines Ordinaren-Logit-aƻŘŜƭƭǎ όαƻǊŘŜǊŜŘ-logit-ƳƻŘŜƭάύ ŦǸƘǊǘ Ȋǳ ŘŜǊ 

Empfehlung, Preisgestaltung bei der Einführung von Klärwasser zur Bewässerung oder Ausdehnung des 

Programmes standortspezifisch durchzuführen. Zuletzt wurden anhand von vier Farmarchetypen 

verschiedene Preissyteme hinsichtlich Nährstoffgehalts des geklärten Wassers, Kostenreduzierung durch 

eingesparten Düngereinsatz und den Enfluß von Salz auf die Pflanzen simuliert. Die Ergebnisse zeigen, 

dass zusätzliches Wasser in Form von geklärtem Abwasser eine erhebliche Einkommenssteigerung für 

die Farmer bedeutet. Zwar hat das salzige Klärwasser negativen Einfluß auf das Wachstum von 

Zitrusfrüchten und Bananen, gleichzeitig sinken aber auch die Ausgaben für Düngemittel. Kosten für 

neue Kläranlagen und Abwasserkanäle 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 
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und Gesundheitsbereich profitieren wird. Zusammenfassend gibt es gute Aussichten auf eine optimierte 

Nutzung der landwirtschaftlichen Ressourcen im Jordantal, bei einer weiteren Ausdehnung der 

Klärwassernutzung. Ein allmähliches Umlegen der entstehenden Kosten auf die Farmen scheint 

durchaus angebracht, da deren zusätzliche Einnahmen pro Wassereinheit die entstehenden Kosten 

mehr als ausgleichen. 
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ϣЊы϶ 

 ϜϽуϪϓϦ ϽϪϕϦ ϣугІϝлЮϜ ϣужϸϼцϜ ϣЫЯггЮϜ сТ иϝугЮϜ ϢϼϹжϜϽуϡЪ  ϣтϸϝЋϧЦъϜм ϣуКϝгϧϮъϜ ϣугзϧЮϜ пЯКϜϻлЮ ϹЯϡЮϜ. ϩуϲ дϜ 

иϝугЮϜ ϽТϜнϦ ев ϸϽУЮϜ ϟуЋж ϹЛт  бЮϝЛЮϜ сТ пжϸцϜ ϣϡϦϽгЮϜ сТ. дϜ  ϣϡЂϝзв ϣуКнж ев ϢϸϹϯϧгЮϜ иϝугЮϜ ϸϼϜнв ЙугϮ

ывϝЪ ъыПϧЂϜ ϣЯПϧЃв сТ ϸϼцϜд .ϝгЪ дϜ  бЦϝУϧт дϒ йжϓІ ев СЦнгЮϜ ϣϯуϧж  ϸнЧЛЮϜ Ьы϶ дϝЫЃЮϜ ϸϹК СКϝЏϦ

ϴϝзгЮϜ ϽуПϦ ϤϝкнтϼϝзуЂм ϣЯϡЧгЮϜ сϧЯЮϜ иϝугЮϜ ϣугЪ сТ ϽуϡЪ ЌϝУϷжϜ ϸнϮм пЮϖ ϽуЇϦ . иϝугЮϜ ϸϼϜнв ϸϝУзϧЂϜ ϽГ϶

ϹтϜϿϧгЮϜ ϟЯГЮϜ ϣуϡЯϦ пЯК ϢϼϸϝЦ ϹЛϦ бЮ сϧЮϜ ϝлЮ сЂϝуЃЮϜ ϼϜϽЧϧЂъϜ аϹК пЮϖ рϸϕт ϹЦ  ϣужϸϼцϜ ϣЫЯггЮϜ сТϽϪϕтм 

ϝϡЯЂ ϣЯϡЧгЮϜ ЬϝуϮцϜ пЯК. 

дϜ ϜϢϸϝК ЙтϾнϦ ϢϝугЮϜ егЎ ЌнϳЮϜ сϚϝгЮϜ ЬдϸϼцϜ рϸϜм  ЙЎнЮϜ дϗТ ̪ ЩЮϺ Йвм ̪ ϣвϾыЮϜ ϣϪϝОшϜ ϽТнт дϒ еЫгт

 ϣЧГзгЮϜ сТ сЂϝуЃЮϜеЫгт дϜ иϝϯϦъϜ Ϝϻк сТ ̭ϝзϠ Эϲ пЮϖ ЭЊнϧЮϜ ЭЦϽЛт . ϣϠнϮϒ ϸϝϯтϖ ев ϹϠ ъ ̪ сЮϝϧЮϝϠмегЎ 

онϧЃгЮϜ рϽГЧЮϜ .ϝЏтϒ Ϝϻк нк РϹлЮϜ ев ϣЂϜϼϸ ϢϜϼнϧЪϹЮϜ Ϣϻк ϝзжϒ ϩуϲ ϹтϽж еуЃϳϦ  ϣвϸϝЛЮϜ иϝугЮϜ аϜϹϷϧЂϜ

 ϣϯЮϝЛгЮϜ)TWW (ϣуϚϝгЮϜ ϸϼϜнгЮϜ пЯК БПЏЮϜ ев ϹϳЯЮ сЃуϚϽЮϜ нтϼϝзуЃЮϜ иϼϝϡϧКϝϠ сКϜϼϿЮϜ ИϝГЧЮϜ сТ. 

Ϝϻк ϩϳϡЮϜ ϸϼнгЪ ̪ дϸϼцϜ рϸϜм пЯК ϿЪϽт аϝк сгуЯЦϖ сЊϝϳгЯЮ ϩуϲм ̪ ϽЏϷЮϜм ЬдϜ  ϣϠϻЛЮϜ иϝугЮϜ ϸϼϜнв ев ϽуϫЫЮϜ

ϝлЪылϧЂϜ бϧт сТ ИϝГЦ ϣКϜϼϿЮϜ . дфϜ пϧϲ. дϜ 40 ев ϣϚϝгЮϜ сТ  ϣЯЦ ϟϡЃϠ ϣЯПϧЃв ϽуО ЬϜϿϦ ъ рϸϜнЮϜ ϤϝжϝЫвϜ

цϜ пЯК ϹтϜϿϧгЮϜ ϟЯГЮϜ ϣуϡЯϧЮ ЙЂнϧЮϜ пЮϖ ϣϳЯв ϣϮϝϲ Шϝзк дϒ еуϲ сТ ̪иϝугЮϜϣтϻО .йЧуЧϳϦ еЫгт ъ нгзЮϜ Ϝϻк  ъϖ

ϞϽТнϦ ϤϝугЪ ̪ иϝугЮϜ ев ϣуТϝЎϖ дϜ аϜϹϷϧЂϜ ЙЂϜм ФϝГж пЯК БуЧзϧЮϝϠ рϽЮϜ ъ  сТ ϟЂϝЫв ХуЧϳϧЮ ϽЪϻт ъϝϯв ШϽϧт

ϣКϼϿгЮϜ онϧЃв пЯК Ϣ̭ϝУЫЮϜ .иϝугЯЮ сϚϝугуЫЮϜ ЭуЯϳϧЮϜ ϽлДϒ сТ ϣϯЮϝЛгЮϜ ϣвϸϝЛЮϜ  ϽутϝЛгЮϝϠ сУт йжϒ дϸϼцϜ рϸϜм

ϒ еЫгтм  иϝугЮϜ ϣуКнзЮ ϣуЮмϹЮϜм ϣузАнЮϜϣтмϽгЮϜ ϣКϜϼϿЮϜ сТ ϣгуЦ ϣгкϝЃв ЭЫЇт д . ϝЏтϒ ϝжϹϮм йжϜ аϜϹϷϧЂϝϠ  

ϽІϕгЮϜ ϹтϹϯЮϜ ϢϸϝКъ аϜϹϷϧЂϜ иϝугЮϜ ϣвϸϝЛЮϜ ϣϯЮϝЛгЮϜ(WRI)  ϤϝугЪ ϢϸϝтϿЮ ϽуϡЪ Ьϝϯв Шϝзк ЬϜϿт ъ йжϒ ̪иϝугЮϜ 

ϣвϸϝЛЮϜ ϣϯЮϝЛгЮϜ ϩуϲ йжϜ аϹϷϧЃгЮϜ ϝуЮϝϲ БЧТ нк 34  сϳЋЮϜ РϽЋЮϜ иϝув ев ϣϚϝгЮϜ сТϥЮϜмр бϧт ϝлϧϯЮϝЛв .ϝгЪ 

бϦ буЧϦ сЯϡЧϧЃв ЙтϾнϧЮ ϣУЯϧϷгЮϜ ϤϝЋЋϷгЮϜ ϢϝугЯЮ ϟЃϲ ϝлϧуКнж м ϣϠϻЛЮϜ иϝугЮϜ иϝугЮϜ ϣвϸϝЛЮϜ ϣϯЮϝЛгЮϜ бϦ 

 ϝлϪϹϳϧЂϜаϜϹϷϧЂϝϠ  ϬϺнгжWEAP: Water Evaluation and Planning   ̪ϩуϲ ϝзЫгϦ ев ϢϝЪϝϳв мϨϜϹϳϧЂϜ дмϿϷгЮϜ 

сϚϝгЮϜ ϸмϹЃЯЮ аϜϹϷϧЂϝϠ ϤϝвнЯЛгЮϜ ϣуϷтϼϝϧЮϜ дмϿϷгЯЮ иϝугЮϜ ϤϝугЪ ϸмϹЃЮϝϠ ЩЮϻϠм еЫгт бууЧϧЮ ϝлвϜϹϷϧЂϜ 

сЯϡЧϧЃв нтϼϝзуЃЮ Ϥϝк ϣУЯϧϷв. 

 Ь ФϝГзЮϜ ϣЛЂϜм ϣуϚϝЋЧϧЂϜ ϣЂϜϼϸ ϭϚϝϧж ϤϽлДϒ400  дϒ еуКϼϜϿгЮϜ96  ЬнϡЧЮ ϸϜϹЛϧЂϜ пЯК блзв ϣϚϝгЮϜ сТ

ϣϯЮϝЛгЮϜ ϣвϸϝЛЮϜ иϝугЮϜ аϜϹϷϧЂϜ сТ ϣКϜϼϿЮϜ . ЩЮϺ пЯК ϢмыКмдϝТ ϜпЯК еуКϼϜϿгЮ  Ёг϶ пЮϜ ЙϠϼϜ ЙТϹЮ ϸϜϹЛϧЂϜ

РϝЛЎϜ иϝугЯЮ сЮϝϳЮϜ ϽЛЃЮϜ . 

ϥЊмϜ ϭϚϝϧж ЭуЯϳϦ ϬϺнгж ordered logit  Ϟ мϒ Ьϝ϶ϸϖ бϧт ϝвϹзК йжϒϢϸϝтϾ ϤϝугЪ иϝугЮϜ ϣвϸϝЛЮϜ ϣϯЮϝЛгЮϜ  евЭгК ϭвϜϽϠ 

ϣЯЋУзв ϟЃϲ ЙЦнгЮϜ ϹтϹϳϧЮ ϽЛЂ  иϝугЮϜϣвϹϷϧЃгЮϜ ϣКϜϼϿЮϝϠ .ϜϽу϶ϒм  ϝзжϗТϝзгЦ Ϟϝϳв ϣУЯϧϷгЮϜ ϽуЛЃϧЮϜ бЗж ϢϝЪ

ϐ ϣКϜϼϿЮϜ бЗж ев ϬϺϝгж ϣЛϠϼцетϻ϶ еуЛϠ ϼϝϡϧКъϜ ϢϹгЂъϜ ϢϽТнϧгЮϜ иϝугЮϝϠ ϣϯЮϝЛгЮϜ ϽуТнϧЮϜм сТ ЬϜ ϣУЯЫϦ ϽϪϓϦм

ϣϲнЯгЮϜ ев ЭуЊϝϳгЮϜ. ϝгЪ  ϣϯЮϝЛгЮϜ ϣвϸϝЛЮϜ иϝугЮϜ аϜϹϷϧЂϜ дϒ ϭϚϝϧзЮϜ ϤϽлДϒрϸϕт сЮϜ ϸϝтϾϢ  еуКϼϜϿгЮϜ Э϶ϸ пЮϖ

ϽуϡЪ Ϲϲ ̪ еуϲ сТ ϝϡЯЂ ϾнгЮϜм ϤϝуЏгϳЮϜ Ϭϝϧжϖ пЯК ϽϪϕϦ ϣϲнЯгЮϜ ϤϝтнϧЃв дϒ . СуЮϝЫϦ ϣуГПϦ ϟЛЋЮϜ ев йжϒ ϝжϹϮмм

ϤϝГϳв ϝкϹϲм еуКϼϜϿгЮϜ ϤϝгкϝЃв ев рϼϝϯгЮϜ иϝугЯЮ ϣуϧϳϧЮϜ ϣузϡЮϜм ϢϹтϹϯЮϜ ϣϯЮϝЛгЮϜ  ϣтϼмϽЎ ϥЃуЮ ϝЏтϒ иϻк м

 дцЭуЯЧϦ ЩЪ ЙгϧϯгЮϜ пЯК ϢϹϚϝУЮϝϠ ϸнЛуЂ ϣуϳЋЮϜм ϣуϛуϡЮϜ ϼϝϪфϜЬ. 

ϣϯЮϝЛгЮϜ ϣвϸϝЛЮϜ иϝугЮϜ аϜϹϷϧЂϜ ϹзК дϸϼцϜ рϸϜм сТ ϣуКϜϼϿЮϜ ϣугзϧЮϜ ев ϹтϿгЮ ϢϹуϮ ϤъϝгϧϲϜ Шϝзк дϒ пЮϖ ЉЯϷж .

 дϜ  ϜϼϽϡв мϹϡт еуКϼϜϿгЮϜ ϤϝгкϝЃв сТ ϣуϯтϼϹϧЮϜ ϢϸϝтϿЮϜϣжъ рϸϕт сЮϜ ϢϸϝтϾ сТ ϱϠϽЮϜ ϽϧгЯЮ ϟЛЫгЮϜ  ϢϸϝтϿЮϜ ФнУϦ

ϹуЛϠ Ϲϲ пЮϖ СуЮϝЫϧЮϜ сТ. 
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1 Introduction  

ϼϮϲЮϜ ϢϼмЊ:  ϣтфϜ22 )  дтжϾϝ϶Ϡ йЮ  аϦжϜ ϝвм имвЪϝжтЧЂϓТ ̭ϝв ̭ϝвЂЮϜ дв ϝжЮϾжϓТ ϱЦϜмЮ ϰϝтϼЮϜ ϝжЯЂϼϒм. (  

 Surah 15, the Stone, Aya 22. ά!ƴŘ ǿŜ ǎŜƴŘ ǘƘŜ ŦŜŎǳƴŘŀǘƛƴƎ ǿƛƴŘǎΣ ǘƘŜƴ ŎŀǳǎŜ ǘƘŜ Ǌŀƛƴ ǘƻ 

descend from the sky, therewith providing you with water (in abundance), though you are not the 

ƎǳŀǊŘƛŀƴǎ ƻŦ ƛǘǎ ǎǘƻǊŜǎέΦ 

 άAnd the Lord will be your guide at all times; in dry places he will give you water in full measure, 

and will make strong your bones; and you will be like a watered garden, and like an ever-flowing spring. 

(Isaiah 58,11)Φέ 

 

The Middle East is one of the most water scarce regions in the world and pressure on water resources is 

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

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

quotes above from two of the most important books from this region. Water scarcity is increasingly 

affecting the economic and social development of the regionΩǎ ŎƻǳƴǘǊƛŜǎ ǿƘŜǊŜ 5% of the world 

population accesses ƭŜǎǎ ǘƘŀƴ м҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦǊŜǎƘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ (WorldBank July, 2006) 

The Hashemite Kingdom of Jordan is no exception and has been identified as one of the higher water 

stress countries defined as areas where more than 40% of total available water is withdrawn (UNEP 

1999). Steve Lonergan (Lonergan 2003) from the United Nations Environmental Programme (UNEP) 

states ǘƘŀǘΥ ά¢ƘŜ aƛŘŘƭŜ 9ŀǎǘ ǇǊƻǾƻƪŜs perhaps the greatest concern about water shortage. By 2025 

most of the Middle East ŎƻǳƴǘǊƛŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ŜȄǇŜǊƛŜƴŎŜ ǿŀǘŜǊ ǎǘǊŜǎǎ ƻǊ ǎŎŀǊŎƛǘȅέ όFigure  1-1 ). 

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 the citizens of Jordan and Israel, for example, two of the most 'water-scarce' countries 

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

of the available water resources and an effective irrigation strategy in 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 region. A key aspect in these transboundary water discussions in the MENA 

region is connected to the emerging disŎǳǎǎƛƻƴ ƻƴ άƘȅŘǊƻ-ƘŜƎŜƳƻƴȅέΦ Iydro-hegemony 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 position. The hegemonic position seems not to be related to riparian position 

but is a reflection of the relative economic, political and military power in the basin (Zeitoun 2005). 
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Figure  1-1: Global water stress countries (UNEP 2002). 

 

A brief example, the total area of the Jordan River Basin is approximately 18,000 km2, and the river is 

generally considered to have an average flow of approximately 1,400 million cubic meters (Mm³)/year 

(Phillips et al. 2006). At present, five co-riparian's share the water resource of the basin. These are 

Lebanon, Syria, Israel, Jordan and the Occupied Territories of Palestine, of which only part of the West 

Bank is located in the Jordan River Basin. Most 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 water is spent 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, 2004). All these water interventions 

have two serious losers: the Palestinians on the West Bank and the ecology in the Lower Jordan Valley. 

The research of this study will concentrate on the Jordanian part of the area, what is known as the 

Jordan Valley (JV). It is a part of the long Dead Sea Rift system (420 km) that runs from the Lebanon 

Mountains in the north to Aqaba in the south. The northern part down to the Dead Sea is 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 width of twenty-two kilometres at points. 

The Jordan Valley Authority (JVA) identifies the Jordanian part from the Yarmouk River down to the 

Dead Sea as the JV area. 

The Jordan Valley includes the west and east banks, where the east is located in Jordan and the west is 

shared between the Palestinian territory and Israel, Figure 1-2. 
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1.1 Research Problem  

Water has the special characteristic that it does not disappear even when it evaporates.  It just enters 

the water cycle.  After use it still can be reused several times. This is also considered part of the solution 

to the growing water scarcity in Jordan, which makes it imperative to increase the practice of utilizing 

non-conventional water sources for irrigation such as treated wastewater and brackish water.  

Indeed, wastewater in Jordan is a potential source of non-conventional water production with volumes 

rising and continuously available due to growing urban populations. Its reuse leads to savings in 

conventional primary water that could then be reserved for meeting the demand for higher-quality 

water (potable).  

The Jordan Valley Authority (JVA) recognises that agriculture is important in its social, economic and 

environmental dimensions within Jordanian society. Intensive agriculture plays an increasingly 

important role in the region; yet, fresh water is vying for primacy in domestic use.  So, the JVA 

developed a strategy and policy to increase the use of non-conventional water sources. Efforts were 

initiated to use treated wastewater for agriculture 26 years ago; subsequently 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 higher volume of conventional water for domestic uses. 

The German Federal Ministry for Education and Research, considering Resolution 58/217 of the United 

bŀǘƛƻƴǎ ŘŀǘŜŘ нлΣ 5ŜŎŜƳōŜǊ нллл ƛǎ ǎǳǇǇƻǊǘƛƴƎ ŀ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳ ŦƻǊ άLƴǘŜƎǊŀǘŜŘ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ 

Managementέ όL²waύ ƛƴ ǊŜƎƛƻƴǎ ǿƛǘƘ ǿŀǘŜǊ ǎƘƻǊǘŀƎŜǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ǘƘŜ {a!w¢ ǇǊƻƧŜŎǘ ά{ǳǎǘŀƛƴŀōƭŜ 

aŀƴŀƎŜƳŜƴǘ ƻŦ !ǾŀƛƭŀōƭŜ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ ǿƛǘƘ LƴƴƻǾŀǘƛǾŜ ¢ŜŎƘƴƻƭƻƎƛŜǎέ ƛƴ ǘƘŜ WƻǊŘŀƴ ±ŀƭƭŜȅΦ  The 

SMART research project is targeting development of a transferable approach for Integrated Water 

Resources Management (IWRM) in the water-short 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 economic context of the Jordan Valley? Are 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 out under the umbrella of the SMART project, investigated the use of non-

conventional water sources that could be used for agricultural purposes, as well as investigating 

ŦŀǊƳŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ƻŦ ǳǎƛƴƎ ǘǊŜŀǘŜŘ ǿŀǎǘŜǿŀǘŜǊ ƛƴ ƛǊǊƛƎŀǘƛƻƴ ŀƴŘ Ƙƻǿ ƳǳŎƘ ǘƘŜȅ would be willing to 

pay. The results of this study will evaluate treated wastewater in relation to agricultural production 

capacity in the Jordan River Valley. This is also the foundation for decision makers in their weighing of 

various water pricing strategies that could meet or cover the additional costs for TWW plants.  
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The results of this study will assist decision makers and planners in considering a bigger view of water 

allocation by building different scenarios that could improve the water situation in the JV. WEAP21 

program simulations will measure the impact of various water allocation scenarios on agricultural 

production in the JV. 

The results also can be used to help the Palestinian farmers and decision makers in the "West Bank" to 

develop 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 ŀǎ ΨŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ 

ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻǿƴ ƴŜŜŘǎΩΦ ! ƪŜȅ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ŜƭŀōƻǊŀǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ 

is the integral view taken of central concepts that the interests of people, society, economy and 

environment need to be seen as an interconnected whole and trade-offs respecting all interests need to 

be made. Economic development has to be viable from a social and environmental point of view.  Social 

development has to be viable in the light of the economy and the environment.  And, environmental 

policies have to be attuned to social and economic development. The trade-offs are ultimately a societal 

and political choice (UNICEF 2003). 

Figure  1-2: Landsat Image 1999, August. 
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The last three decades were notabƭŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǊŀƛǎƛƴƎ ƻŦ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƳƳǳƴƛǘȅΩǎ ŀǿŀǊŜƴŜǎǎ 

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, held in Dublin in January 1992 developed 

issues for the Twenty-First Century again calling for new approaches to the assessment, development, 

and management of freshwater resources (UNCED 1992). The Dublin Conference was expected to 

formulate sustainable water policies and an action program to be considered by UNCED. The conference 

noted that water is a key to the achievement of national development goals and a baseline for economic 

development. It is crucial for strategic levels of investment in water management and 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. The conference 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 actions in the 1990s and beyond." (World 

Bank 1993) 

Integrated Water Resources represents a new approach to the assessment, development, and 

management of water resources emphasized at various global meetings. According to the United 

Nations Development Programme (UNDP 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 good. Therefore, improving water 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 initiatives and acknowledged 

ǿŀǘŜǊΩǎ ǎƻŎƛŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ŀƴŘ ŎǳƭǘǳǊŀƭ ǾŀƭǳŜǎΦ ¢ƘŜ CƻǊǳƳ ǎǳƎƎŜǎǘŜŘ ŀǇǇƭȅƛƴƎ Ŝǉǳƛǘȅ ŎǊƛǘŜǊƛŀ ŀƭƻƴƎ 

with appropriate subsidies to the poor when systematically adopting full-cost water pricing. The Forum 

further acknowledged that food security, 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 IWRM (World 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 the World Summit on Sustainable Development 

(WSSD) in Johannesburg, 2002, and the Third World Water Forum in Kyoto, 2003.  The Conference 

developed Recommendations for Action in three important cross-sectoral areas: governance, 

management and partnerships; mobilizing financial resources; and, 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 awarenessτpolitical as well as public 

awarenessτto 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 Bonn Conference 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 Keys, which summarized the conference discussions, highlighted the key 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 the fields of governance, mobilizing financial resources, 

capacity building, and sharing knowledge.  

The Bonn Recommendations for Action addressed at the lowest appropriate level issues such as poverty, 

gender equity, corruption mitigation, and water management. The 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 building it 

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 impartially revealing practical implementation problems. It also 

provided action programsτan historical milestone for making IWRM truly effective in the field. The key 

success of the Bonn Conference was the adoption of the Bonn 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 at the top of the international 

ŀƎŜƴŘŀΦ ¢ƘŜ ²{{5Ωǎ tƭŀƴ ƻŦ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛƴŎƭǳŘŜǎ L²wa ŀǎ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ŎƻƳǇƻƴŜƴǘǎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ 

sustainable development. It provides specific targets and guidelines for implementing IWRM worldwide 

including developing an IWRM and water 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 gender-sensitive policies and programs; involving all concerned 

stakeholders in a variety of decision-making, management, and implementation processes; enhancing 

education; and combating corruption. (UNEP 2002)  

It is significant that the Bonn Conference recommendations were adopted within WSSD, and IWRM has 

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 third World Water Forum held in March 2003 in Kyoto, Japan, also outlined safe, 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 including 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 IWRM as the way to achieve sustainability regarding water resources. The 

ministerial declaration addressed the necessity of sharing benefits equitably, engaging in pro-poor and 

gender perspectives in water policies, facilitating stakeholder participation, ensuring good water 

governance and transparency, building human and institutional capacity, developing new mechanisms 

of public-private partnership, promoting river basin management initiatives, cooperating between 

riparian countries on transboundary water issues, 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 2005, the target set at the World Summit on Sustainable Development. (TWWF, 2003b)  

Putting stakeholders and water ministers from around the world together in a Multi-Stakeholder 

Dialogue (MSD) for the first time in water history was another key achievement. In addition, 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 organizations.  (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 follows the concepts promoted by the Global 

Water Partnership (GWP 2000): 

άL²wa ƛǎ ŀ ǇǊƻŎŜǎǎ ǿƘƛŎƘ ǇǊƻƳƻǘŜǎ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǿŀǘŜǊΣ ƭŀƴŘ ŀƴŘ 

related resources in order to maximize the resultant economic and social welfare in an equitable 

manner without compromising the sustainability of vital eco-ǎȅǎǘŜƳǎέΦ  ! ƪŜȅ ŎƻƴŎŜǇǘ ƻŦ L²wa ƛǎ ǘƘŜ 

ά¢ƘǊŜŜ 9-ǇƛƭƭŀǊǎέΥ άaŀȄƛƳƛȊƛƴƎ Economic efficiency, social Equity and EƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅέΦ  

Sustainability has become a cogent paradigm for water resources.  This headed the list of challenges for 

Integrated Water Resource Management to mitigate the inequitable and inefficient distribution of water 

resources, reduce their vulnerability to excessive demand, and limit the impacts on water quality of both 

land and water-based activities (Giupponi et al. 2006). 

¢ƘŜ ²ƻǊƭŘ .ŀƴƪ ŘŜŦƛƴŜŘ L²wa ŀǎΥ ά!ƴ ƛƴǘŜƎǊŀǘŜŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ǇŜǊǎǇŜŎǘƛǾŜ ŜƴǎǳǊing that social, 

economic, environmental and technical dimensions are taken into account in the management and 

development of surface waters (rivers, lakes, and wetlands) ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊΦέ ό²ƻǊƭŘ .ŀƴƪ нлллύύ ¢ƘŜ 

World Bank identifies the 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. The 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 economies in the developing 

world.  On the other hand, water development and management could be based 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 resource sustainability. (Jønch-Clausen et al. 

2001) 

L²wa ŀƭǎƻ ŎƻǳƭŘ ōŜ ŘŜŦƛƴŜŘ ŀǎ άŀ ǎǳǎǘŀƛƴŀōƭŜ ŀǇǇǊƻŀŎƘ ƻŦ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǘƘŀǘ ǊŜŎƻƎƴƛȊŜǎ ƛǘǎ 

multidimensional characterτtime, space, multidiscipline (science/technology) and stakeholders 

(regulators/ users/providers/neighbours)τand the necessity to address, embrace and relate these 

ŘƛƳŜƴǎƛƻƴǎ ƘƻƭƛǎǘƛŎŀƭƭȅ ǎƻ ǘƘŀǘ ǎǳǎǘŀƛƴŀōƭŜ ǎƻƭǳǘƛƻƴǎ Ŏŀƴ ōŜ ōǊƻǳƎƘǘ ŀōƻǳǘΦέ (Thomas et al. 2003) 

The time dimension mainly refers to sustainable development: actions made now should be in harmony 

with the long term to protect the interests of future generations. 

The space dimension recognizes that the natural unit for all water management efforts is the river basin 

ƻǊ ǘƘŜ ǿŀǘŜǊǎƘŜŘΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ άǘƘƛƴƪ Ǝƭƻōŀƭƭȅέ ōŜŦƻǊŜ άŀŎǘƛƴƎ ƭƻŎŀƭƭȅέΦ 

The multidiscipline dimension requires a large number of parameters to be considered in the decision 

making process: 

Á Economic, environmental/ecological and social impacts, 

Á Legislation and health issues, 

Á Technique and technology, 

Á Political and institutional issues, 

Á Socio-economic impacts, 

Á Historical and cultural issues. 

The stakeholders dimension qualifies that stakeholders have to be involved in the decision process in 

order to incorporate all the conflicting aspirations of the different decision participants. 

¢ƘŜ ƎŜƴŜǊŀƭƭȅ ŀŎŎŜǇǘŜŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ΨΨƛǎ ŘŜǾŜƭƻǇƳŜƴǘ ǿƘƛŎƘ ƳŜŜǘǎ ǘƘŜ ƴŜŜŘǎ 

ƻŦ ǘƘŜ ǇǊŜǎŜƴǘΣ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻǿƴ ƴŜŜŘǎΩΩΦ  

(Bebbington 2000; Cook et al. 2005) 

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

general definitions:  

Á the standard definition assumes a common understanding of what development means;  

Á it assumes the present generation knows what the needs of future generations will be;  

Á it does not explicitly link society and resourcesτthe two elements in development;  

Á it is impossible to measure at what stage of development future generations are being 

compromised;  

Á it does not seem to consider the different time spans between human lifecycles and 

natural cycles.  

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ŀōƻǾŜ Ǉƻƛƴǘǎ ŀ ōŜǘǘŜǊ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƳƛƎƘǘ ōŜ άǘƘŜ 

ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǇŜƻǇƭŜΩǎ ƭƛǾŜƭƛƘƻƻŘǎ ǿƛǘƘƻǳǘ ŘƛǎǊǳǇǘƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭ ŎȅŎƭŜǎέΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ ŀǇǇǊƻach a 

ƳƻǊŜ ŀǇǇǊƻǇǊƛŀǘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ L²wa ǿƻǳƭŘ ōŜ άƳŀƴŀƎƛƴƎ ǇŜƻǇƭŜΩǎ ŀŎǘƛǾƛǘƛŜǎ ƛƴ ŀ ǊƛǾŜǊ ōŀǎƛƴ ƛƴ ŀ 
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manner that promotes sustainable development (improves livelihoods without disrupting the water 

ŎȅŎƭŜύέΦ  

A new paradigm is encapsulated in the Integrated Water Resources Management (IWRM) concept 

ŘŜŦƛƴŜŘ ōȅ D²t ŀǎΥ ΨΨLƴǘŜƎǊŀǘŜŘ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ aŀƴŀƎŜƳŜƴǘ ƛǎ ŀ ǇǊƻŎŜǎǎ ǿƘƛŎƘ ǇǊƻƳƻǘŜǎ ǘƘŜ 

coordinated development and management of water, land and related resources in order to maximize 

the resultant economic and social welfare in an equitable manner without compromising the 

sustaƛƴŀōƛƭƛǘȅ ƻŦ Ǿƛǘŀƭ ŜŎƻǎȅǎǘŜƳǎΩΩ όD²t нллсύΦ 

Within the development of the IWRM concept managing water has became more complex, where there 

is a huge competition between water uses (such as 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 in 

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 planning approaches as discussed by (Sharifi 2003) which are 

utilized today in the water industry. They are: traditional supply-side planning, least cost planning, and 

integrated resource planning.  

Á Traditional supply-side planning assumes that the problems associated 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 in 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. 

Á Least-cost planning includes a comprehensive 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 and inclusion of non-ǳǘƛƭƛǘȅ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƎƻŀƭΩǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ 

success of the planning process. 

Á 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 planning between water utilities in a specific region. 

The main challenge for IWRM is how to integrate the development in management and planning, and 

sustainability concepts with the growing number of disciplinary qualitative and quantitative models, and 

the advances in information technology; how to achieve sustainable methods of making use of 
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resources in particular, sharing limited water resources; and, how to implement an adaptive co-

management concept. 

Understanding the concept of IWRM on different levels (Jianzhong et al. 2008) The 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, pollution, wet land, fishery, irrigation, etc. Finally, the third 

level emphasizes 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 objective 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 forms the expression Integrated Water Resources 

Management (IWRM) and its definition identifying IWRM as meeting human 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 goods and services provided by them. Worldwide, this is a concept that is being 

ƛƴŎǊŜŀǎƛƴƎƭȅ Ǉǳǘ ƛƴǘƻ ǇǊŀŎǘƛŎŜ ŀƴŘ ƛƴŎƻǊǇƻǊŀǘŜǎ ƳǳŎƘ ƻŦ ǘƘŜ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ƻŦ ΨΨŜŎƻǎȅǎǘŜƳ 

ƳŀƴŀƎŜƳŜƴǘΩΩΦ όWŜǿƛǘǘ нллнύ 

This research paper tries to apply the concept of IWRM as defined 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 (Figure  1-3). 
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Figure  1-3: 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 and 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 included in-depth analyses and comparisons of the historical development 

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 solutions are available for a given physical and social 

context.  The following objectives achieve this goal: 

¶ Simulation of the Jordan Valley (JV), by presenting the water allocation schema using 

the WEAP model to evaluate the impact of various water allocations scenarios on 

agricultural production; 

¶ Introduction of a framework for Wastewater Reuse in Jordan as a monitoring tool; 

¶ Investigation of the Water Reuse Index (WRI) in Jordan to calculate the gap between 

achievements at different junctures, and identify water saving efforts; 

¶ Employment of the Contingent Valuation (CV) method to investigate the farmers 

Willingness to Accept (WTA) and the farmers willingness to pay (WTP) for treated 

wastewater for agricultural use in the Jordan Valley (between the Yarmouk River and 

north of the Dead Sea); 

¶ Analyse the socio-cultural 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 for each wastewater treatment plant 

(WWTP) to be evaluated with willingness to pay (WTP); and, 
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¶ Development of a methodology for an Irrigated Water Price in the Jordan Valley 

according to water quality, taking in to consideration the incentives to change farƳŜǊǎΩ 

applied fertilizer practices when using TWW.  

¶ 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 policy making and this study, therefore, relies on two types of 

data which quality is assured by various sources. The primary data in the research have been collected 

through a structured questionnaire that has been completed by face-to-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 (WTP) by the farmers 

for the treated wastewater in agriculture in addition to other useful information that will be used in the 

quantitative analysis. This will be done by employing a Contingent Valuation Method (CVM) that is used 

to estimate economic values for all kinds of ecosystem and environmental services. It can be used to 

estimate both use and non-use values, and it is the most widely used method for estimating non-use 

values (King et al. 2000). 

The secondary data were collected from sources such as departments of statistics and several institutes 

such as the Ministry of Agriculture, the Ministry of Water and Irrigation and the Ministry of the 

Environment.  Secondary data were further obtained from published reports and studies prepared by 

other researchers 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 in the 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-

specific 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 CVM is based on a questionnaire that reveals ǊŜǎǇƻƴŘŜƴǘǎΩ personal reluctance or propensity to 

consider the use of treated waste water instead of fresh water. Moreover, the questionnaire includes 
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topics that provide the necessary information for farmers to enable them in informed decision making 

and to identify and reveal their monetary valuations of TWW.  We distinguish the following five steps in 

this stage of the research. 

Á Step 1: Defining how to value the issue. Is using treated wastewater as a farming decision 

determined as a worthwhile service that farmers are willing to purchase?   

Á Step 2: Making preliminary decisions about the survey itself, including whether it will be 

conducted by mail, phone or in person by face-to-face interviews, how large the sample size will 

be, who will be surveyed (the targeted population), and other related questions. 

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

they can be more expensiveτbecause it is often easier to explain the required background 

information to respondents in person, and people are more likely 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 the JV, the face to face 

interview was the most reliable method since farmers there have their own social cultural 

structure (as education level, accessibility, trust of others, fluency in English, etc.).  

Á 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 several sub-steps: initial interviews 

or focus groups with the types of people who will be receiving the final survey.  Then, the 

questions get more detailed and specific to help develop specific questions for the survey, as 

well as to decide what kind of background information is needed and how to present it. This 

requires ƭŜŀǊƴƛƴƎ ŀōƻǳǘ ǘƘŜ ŦŀǊƳŜǊǎΩ ŀǿŀǊŜƴŜǎǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ǘǊŜŀǘŜŘ ǿŀǎǘŜǿŀǘŜǊΦ 

After a number of focus groups have been conducted, an idea of how to provide background 

information is developed to describe the hypothetical scenario for asking the valuation 

question, and to start pre-testing the survey. 

There are many elicitation formats that could be used for the questionnaire: open-ended, 

bidding game, payment card, single-bounded, 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 design despite the many attitude-behavioural 

studies by cognitive psychologists and sociologists (Bateman et al. 2004). 

For the purpose of this research two types of techniques have been implemented.  The first is 

dichotomous choice (Yes/No) used to obtain WTA.  The bidding game is used for WTP, whereby 

the values are presented in ordered classes from: 0.008 ς 0.02 JD per cubic meter. 

Á Step 4: The actual survey implementation. The first task is to select the survey sample. The sample 

of this survey was selected randomly by using standard 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 
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final total sample 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. 

Á Step 5:  Analyze and report the results. The data were entered to the computer and analyzed by 

using the appropriate 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 the farmer Willingness to Pay (WTP) by employing a statistical 

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 faced 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:  

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

Á conserves nutrients thereby reducing the need for artificial fertilizers;  

Á increases crop yields and returns from farming;  

Á provides source of income through its use in other enterprises such as aquaculture; and,  

Á is a low-cost method for sanitary disposal of municipal wastewater. 

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

as:  

Á increased exposure of farmers, consumers and neighbouring communities to infectious 

diseases;  

Á lead to groundwater contamination;  

Á long-term wastewater use could damage soil resources, e.g. build-up of salts and heavy 

metals in the soils, which might reduce soil productive capacity;  

Á lower property values in the vicinity; and,  

Á other unforeseen negative impacts on socio-ecological 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 research. It emphasizes that 

the growing water scarcity in Jordan makes it imperative to increase best practices and dependency on 

non-conventional water in irrigation such as treated wastewater and brackish water. This made the 

government of Jordan recognize the importance of reclaimed wastewater as a non-conventional water 

resource.  Indeed, in Jordan substantial amounts of the wastewater that are collected are still 
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discharged into water courses or in the underground without treatment. Moreover, not all wastewater 

generated is treated or connected to a sewage systemτbeing discharged through septic tanks and the 

like. The research objective is to analyze the socio-cultural opportunities and constraints that influence 

the adoption of wastewater treatment and reuse for agricultural irrigation in the Jordan Valley. 

Chapter 2: Study area ς case study in the Jordan Valley, presents a background on the Jordan Valley at 

the Hashemite Kingdom of Jordan where this research was carried out introducing the socio economic 

characteristic of the JV. 

Chapter 3: Framework for wastewater reuse in Jordan, presents a conceptual framework for 

wastewater reuse, identifying Jordan as a pioneer in wastewater 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 

wastewater 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 quantifying the amounts actually 

reused as a percentage of total wastewater production (urban and rural).  

Chapter 4: Modelling water allocation in the Jordan Valley. Simulations of water supply and demand in 

the Jordan Valley Region are used to evaluate the features and 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 scenarios for agricultural production.  

Chapter 5: The socio-economic 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 model was developed to 

ŎƻǊǊŜƭŀǘŜ ŦŀǊƳŜǊǎΩ ŘŜcisions with financial stimuli as inducement. Also, factors (incentives and 

disincentives) were analyzed and assessed that promote or discourage the use of reclaimed wastewater 

in irrigated agriculture. This analysis will help explain the fundamental driving forces 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 analyze the water 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.  

Chapter 7: this chapter includes the story line and the out finding of this research.  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 Study Jordan Valley  

2.1 Jordan Valley Background  

2.1.1 Geography 

The Jordan Valley Authority (JVA) is responsible for that part of the long Rift Valley on the 

Jordan side that runs from the Yarmouk River in the north to Al Aqaba in the south, with the 

Jordan River extending from Lake Tiberius in the north to the Red Sea in the south, over a total 

length of 380- kilometre. The northern part, from 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 at its widest points (THKJ 1998).  

The Jordan Rift Valley altitude varies from 200m below sea level (in the north) to 400 m below 

sea level (in the south). Temperatures are moderate during winter (on average between 15°C and 

22°C between November and March) and reach record levels during summer commonly exceeding 45°C 

during the day in the months of June, July and August. The climate is semi-arid in the north 

(precipitations of 350mm/year) and arid in the south (50mm/year near the Dead Sea).  

 
Figure  2-1: Topographic cross section of the Jordan River Basin in Jordan. 
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The Jordan River (Figure 2-1) 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 Ghor1" in Arabic, is a 

fertile area formed by colluviums coming 

from neighbouring mountains and alluvial 

fans lying on the lacusturie sediments of 

Lake Lisan, which covered the area 14,000 

years ago. Gently sloping (1.5% to 2.5%) 

from the mountains, it is 10km wide in the 

north, narrows down to 4km in the 

middle, finally widening 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 some grassland 

existed before the reclamation of the 

valley, with the notable exception of small 

areas irrigated by the side-wadis2  and 

springs (Courcier et al. 2005). 

The Rift Valley on the southern side of the 

Dead Sea is known as the Southern Ghor 

and the Wadi al Araba. The Southern Ghor 

runs from Wadi al Hammah, on the south 

side of the Dead Sea, to Ghor Fifa, about 

twenty-five kilometers south of the Dead Sea. 

Wadi al Araba is 180 kilometers long and continues to Al Aqabah in the south (Metz Dec, 1989). 

The Jordan Valley Development Law No. 19 of 1988 (amended in 2001) identifies the area of JVA 

responsibility as extending from the Yarmouk River in the north to the Red Sea in the south (Figure 2-2). 

The eastern extension of the area is limited by the contour line at 300m above mean sea level (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 

ŎƻƳǇǊƛǎŜǎ W± bƻǊǘƘΣ W± {ƻǳǘƘΣ {ƻǳǘƘŜǊƴ DƘƻǊǎ ŀƴŘ ²ŀŘƛ ŀƭ !ǊŀōŀΦ ¢ƘŜ ǘƻǘŀƭ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǊŜŀ ƻŦ W±!Ωǎ 

responsibilities is about 4,800 Km2 Figure  2-2, distributed through eight governorates (JVA 2008): Irbid 

                                                           
 

1
 The northern part of the valley is known as the Ghor, and it includes the Jordan River. Several degrees warmer 

than adjacent areas, its year-round agricultural climate, fertile soils and water supply have made the Ghor a key 
agricultural area 
2
 Wadi(Arabic: рϸϜм ) is a narrow valley with a dry riverbed that contains water only during times of heavy rainτ

flash floods. 

Figure  2-2: The Jordan Valley Authority boundaries by Jordan 
law. 










































































































































































































































