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Abstract 

Pressured bid U1e U.N. imposed Ir~qi embargo, .Jord~n a1so faces the 

'Norst water crisis ltl the r-1 i,jdle East. \"later availability is estimated at 

· 1 ,VOv CUDlC mf::ter ptJVf::ny 11ne . 1 o ltletn gr OWJ•ty .Jt::lalallu, 0u• uur~au"'"' ua c 

overpumping groundwater aquifers causing adverse environmental impacts. 

SurfeJce w~ter resources eJre only 40% utilized, and further development is 

fr~ught with political and financial concerns. This paper places tt1e 'Nater 

problems in Jordon and their soc1o-economic impacts in perspecti'·le. Future 

:;;cenonos and recommended solutions are presented in an attempt to 

reconcile future water ::;upply and demand imbalances. An integrated 

planning and management approach is proposed where optimal resource 

development opportunities can be identifie,j to improve U1e overeJll 'Nell

being of the Notion. This approach could make significant contributions to 

the effectiveness eJnd efficienc1d of the water resources systems in .Jordan. 

The opinions expressed in this paper are strictly those of the authors and do 

not necessarily represent tr1e vle\·vs of an'J government or organization. 
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Chopter I 

Introduction 

In the semi-arid Middle East, water availability has become· a major 

concern for regional policy makers. \.Vater scarcity, coupled with unresolved 

conflicting uses (e.g., between irrigated agriculture and industry) is 

O'·lershadowed by regional disagreements -and is becoming a si gni fi cant 

constraint to development. In Jordan, for e:,:ample, tt1e v·tater management 

problem can be charactenzed by water shortages , environmental quality 

issues, and supply distribution concerns. The problem is currently 

exacerbated by high population growth rates and acute financial conditions, 

among other factors. 

.Jordan has a national water supply system that currently utilizes 

over 11 O;'& of its groundwater sources (pumping e:><ceeds safe yi eIds in many 

c.ases), and 40% of total surface runoff . Further development of surface 

:3ources is fraught with political and financ1al concerns. Over the years, 

.Jordan has steadily developed its water supplies to meet ever increasing 

water demand. In 1990. total \..vater utilization in Jordan reached 730 



rmllion cubic meters UKM). Presently , tr1e most prominent questions are: 

( 1) how can wafer supply and demand be reconciled in an optimum manner, 

and (2) what development and planning approaches should the government 

employ to provide for the overall \·veil-being of the Nation? The 

government, through laws enacted O'·..'er tt1e years , regulates water supply 

and consumption, and has set ·.,...,..ater- use priorities for the different 

competing subsectors. 

Numerous revie\.YS and studies r1ave appeared over the past decade 

addressing t1tddle Eastern 1Nater resources issues in general, and Jordan in 

particular, e.g., Al-lbrarlim (1990) , AI-Momani (1987), f'.Jaff (1985), Naff and 

~1atson ( 1984), Salameh ( 1 990), Starr and Stoll ( 1987, 1988) and \.Yishart 

.... ·: . ! :'"' . ·- ... 
-· --·- · .... ·. :; .~:.. .~ : -·~ ~ . 

forecasting that water demand wil I exceed supp I y within a short time. 

Other studies express the need for comprehensive, integrated approaches to 

the water problems of developing countries (e.g., Munasinghe, I 988; 

Robinson, 1 990; and \.Yorld Bank , 1 988). Although these may present 

insurmountable difficulties in many countries , the \·Vater r-esources 

management problems are not as complex or nebulous 1n Jordan as they are 

elsewhere. Thus, planni ng on a multisectoral basis in order tor v·tater 

resources to be optimally developed, appropriately priced, and etficiently 

utilized, is likely to yield valuable results. 

This paper investigates the water problems in Jordan and evaluates 

the implications, in terms at socio-economic impacts , ot various water 

management policies. Under t his tramework , the authors explore and 

;:Jnalyze a variety at diHerent t"uture scenarios pertaining to water 

resources planning and development. One of the main ideas presented in 

http:revie\.YS
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tl"lis study is the need to optimize the use and de\1eloprnent of scarce v-1ater 

·:;upplies. 

The organization of the paper 1s as follo'NS : Chapter 2 provides a 

background description of the polit i cs , t1istory , demographics and economy 

of Jordan. The chapter also sut-'·..'81dS u·,e countnd's v·iater resources and 

discusses the current and future for-ecasts of ..,..'l·ater demand and supply. 

Chapter 3 provides a summand of tJ,e 1nstitutional and political frarnework 

that exists in Jordan. In Chapter 4, a number of future policy scenarios and 

their:- likely --impacts on water use in the country are described. This 

~ ;cenano development and analysis is regarded as an 1mportant step towards 

integrating water resources development and management as part of a 

description of the characteristics of the water problems in Jordan, followed 

by recommended solution approaches. 



Chopter 2 

The National Setting 

Prior to any attempt at formulating plans or methodologies for water 

management in Jordan, one needs to be aware of the descriptive trends and 

characteristics of the countr~J. Figure 1 depicts the Hashemite Kingdom of 

Jordan as situated in a semi-landlocked region east of the Mediterranean 

·;ea. iJne 1 mmedi ate consequence of its 1ocat10n 1 s U"tat the two most 

1mportant surface water sources , U1e Jordan end 1/armouk Rivers , are shared 

··Nlth other ripanans g1ving nse to immense political ramifications. The 

countrll has an area of 90,000 sq. km, and a population of 3.3 million ( 1991 ). 

2_1 History and Politics 

Jordan is a constitutlonal monarchy \'Vlth two t"touses of parliament: 

the Senate, 'Nhich is appo1nted by U1e nng, and an elected House of 

Representatives, which consists of several political backgrounds. Under the 

founding constitution of 1952, the l<ing and the two houses are vested with 
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· the highest legislative authority in the country . The prime minister is 

appointed by the King and the cabinet is formed upon further consultation . 

This cabinet is collectively responsible to the elected House of 

Representatives for gearing national policies to satisfy objectives of 

growth, development and equity, i n a newly growing democratic atmosphere. 

Free speech, political parties and citizen participation in parliament are the 

mam features of this "new " democracy. For more details on the new 

Jordanian political exper1ence, the reader 1s referred to an article by Robins 

<1990), on the_sub ject of po 1it!ca l change in the Middle East. 
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'\ \ j __.1 
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Figure t. Location map of Jordan 

Some brief dates m h1story are noteworthy . In 1946, Jordan gamed 

its independence from Britain, after having been formed as a result of the 

First World War. King Hussem, the great grandson of Sharif Hussein Ibn Ali, 

was pronounced constitutional monarch in 1952. In 1945, Jordan became a 



became a founding member of the Arab League, and on December 14, 1955, 

the countnJ became a U.N. member. 

Over the years .. living standards have continued to rise \·vith the 

successful implementation of development programs initiated by the public 

·;ector under u·,e guidance of His F:oyal Highness Cro··..vn Prince Hassan. 

Present1y, Jordan has a high I iteracy rate , and a 1987 per capita Gross 

Domestic Product (GDP) of US. $1,560 per annum (\·-iorld Development 

Report, 1989). This fi1~ure 11as 1jeclined in recent 'dears. however, to Jess 

than U.S.$ 900.due to various economic disturbances (see "Economy" belo '·N). 

2.2 Climate 

The eastern reg10ns of Jordan cons1st or t1 vast uesen plateau 'tvnJ 1e, 

in the western parts, mountaineous terrain predominates with altitudes 

exceeding 1,000 m. These mountains and hills slope ·-rtestwards towards the 

north-south rift valley formmg the Jordan River and the Dead Sea at a 

record depth of 400 m below mean sea level. Tl1e highest elevation is the 

peak of Rum t1ountams at 1.754 meters. 

The rift valley climate is warm to hot year round giving rise to 

rich and diverse agricultural production. The western rlighlands have 

gentler temperatures with averages ranging from 7 C in the winter to 33 C 

in the summer. The climatic regions of Jordan are presented in Figure 2. 

\·vinds are predominantlld western in direction and emanate from 

either the Mediterranean or North Africa. The former are moist in content 

vvhereas the 1atter are dry and b1ow across the southern regions of Jordan. 

The average annual precipltation in the north\-vest varies over a wide range 

(350-650mm/year, see Figure 3) , occuring only in the winter months. Other 
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areas of the country, e~<perience substantially lo~ver precipitation, \·vith 94% 

of the total are~fof Jordan receiving less than 200 mm (see Figure 3) . 

The dependence upon this endogenous supply of ratnfall, which is 

highly irregular. contributes to H1e uncertainty involo.,.•ed in any overall 

'/·tater management plan. In fact, Naff and f'·1atson ( 1934) point out that the 

rivers and streams in the region drain 'Natersheds that 1i e within the same 

general rainfall belt, implying tr1at U"1e countries in the ar·ea cannot depend 

upon any exogenous supp1y ernanat i ng farther upstream due to heavier 

ra1nfalls. 

• %of .A.rea 

· - · ·- ·• 'i'-4"' .. Jntt~...,....
tVY..... -. ,.., · -:... .... .. ... . 

35 75 150 250 350 450 5$0 650 

Pre<:ipitation. mm 

F• 3 R .. 11 ~ &::"() \ JCI"~7-10 .... ..,.1gure . ,amra LOVerljge, .L 'dear a1erage, _~· . o 1 

.•"r>,tlt,_l""_,.,._,,./7!·,...,_,, -f· 'J-'Rta,_ Rr-?'{J' lrrinRtJ·-,... ·'-"JII tDQf)
t.,:?t,..u,. ,. ~. l . . ~,L/ ~.' (.' .. .l'.'v ~" ,,.11'1 IF l 'Y"' l.ll.~. ll.l" I .• / _,_ ~ 

Figure 4 prov1des an estimate of annual evaporation rates. Although 

high evaporation rates re~;ult 1n relatively low annual streamflows, the 

relatively high mfi1trat10n rates common to many areas of Jordan result in 

relatively high rates of ~~roundvvater recharge. A water balance chart for 

Jordan 1n the years 1936 and 1987 is presented in chapter 3. 
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2.3 Demographics 

From a current total population of 3.3 million, over 90:~ li·.,.·e 1n tt·,e 

Northern Highlands and tr1e Jonjan Valley, and 75% are concentrated in the 

urban belt around Amman an,j Zark:a . Fi!Jure 5 ,jeplct::; the a,jmini::;trative 

tJoundanes Vv'ithin Jonjan and 11jentlf1es ::;orne of t.tre maJor cities ar11j to ··Nns. 

In terms of the derno,~r-;wt·Ji c ::;tructure, u-11=' 11i ni :::tr:J of P1 anni n'~ 

estimates that 50% of tire popuJ;:,t.ion ;:Jre un,jer 15 IJears old (.JonJan 

1·1inistnJ of Planning, 1985) . Tire countnJ·s population i:; increasing by 3.6% 

per IJear, whfch means t11at tire population wi 11 doub 1e within rough 1y 20 

'Jears at present rates. In a recent article on overpopulation in the 11iddle 

East, 11isch ( 1990), refers to a Population Reference Bureau figure
"'' · 

illustrates population projections to 2015 in the governorates. 
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lmran ( 1988) discusses the consequences of rrigh population growth 

rates on the demand for 1Nater in Jordan and identifies this as a major 

problem. The demands by all sectors is likely to increase due to greater 

urbanization and the high population gro··Nth rate , potentially causing huge 

......,.. ater deficits . 

2.4 The Economy 

An oveYview at the economic changes in Jordan over the last 20 years 

wi 11 provi de a necessary backdrop to t r1e subsequent discussion on 1Nflter 

resources planning and management. For the purposes of this paper, the 

• • ' •• -- ~ - ..J • • • . • · - ~- . • 1-! ; ~ 1·--··- ·- J-..,Jtto . . ~ 
~ !.~:.. . .:_... .. ..; ;~_r ...~ ~.: : :·.:...:. ; ' - ·- :....i': ·- ~·.: ... :; .~ ~ · t;. f .., ' • ~ ~ I ·- • : . , ... ::... 0 ! , I ·: ' , : • : , • ~ :_.a '· • ~ ', 1 • , , • • 

. .. 

time periods based on maJor economic trends and events: 1970-1987; 1987

1990; and mid-1 990 to the present time. Table I outlines this 

classification in terms of recent history. 

Figure 7 illustrates the growth of GOP at constant I 980 prices in 

.Jordan from 1975-1 9i39 (\·\'or1d Bank, 1990). The data for the last t··No years 

are unofficial estimates . The growth e:<hibited in the 1970's and early 

1980s was due mainly to a vvell educated population , political stability, 

strategic location, favorable external . factors, and careful economic 

management. In the latter t"1alf of the 1980s (identified as the second phase 

in Table 1), this growth slowed considerably with unemployment growing to 

more than l 0% and a sudden increase in the general price index. The main 

reason for this decline was the fall in oil prices vvhich reduced the level of 

economic activity of the Arab Gulf States. This reduced three major 

sources of foreign earnings: ( 1) the size of the export market to those 

countries, (2) remittances to Jordan from expatriates working in the Gulf, 
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antj (3) econom1c aid from U1ese countries. These recent dec! ines 

,jemonstrated tfle extreme vul nerebll i ty of tt1e econorn1 c base of .Jordan. 

Table J_ Economic Phases in Jordan 

Time Period Remarks and key indicators 

1970-1957 

1987-1990 

f''lid 1990

Reelt~rovvtri rate from 73-BO of B.3%, BO-BS. 42%; 
unemplo,~ment, inflation almost nonexistent; 
maJor grovvth in the construction, serv1 ces 
::;ectors. ~-1~in reasons : well educated population, 
political stability, prudent economic management. 
availability of Arab and international 
a1 d. Per cap1 ta Income grew to U.S. $1560 in 1987. 

Econom1c downturn. International a1a ana 
expatriate remitttances dwindled. High budget 
deficit; overall debt reached U.S.$8 billion. 
Devaluation of currency, trade reforms, and 
austerity measures were the main themes of an 
economic adjustment program formulated in 
cooperation with the v.,.·orltj Bank and the IMF in 
1989. This produced 2:t growth in the first half of 
1990 and 10\·ver unemployment. 

U.N. embargo on Iraq and ensuing hostilities 
caused rna j or economic prob1ems. . .Jordan's 1asses 
are estimated at U.S.$1 .544 billion in 1990. and 
U.S.$ 3.647 billionin 1991 (36% and 77% of GDP 
respectively). 
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Figure 7. GOP at Constant 1960 Prices, 1n Millions JO 

natural resources. The level of oil production from recent well discoveries 

has not proven to be very ·;ignlficant, although further oil drilling is 

e:x:pecte,j. Phosphate production, on the other t1and, is of significant 

importance to the econorn1~ . Jordan produced 4% of total world production in 

1985 (Jantel el al. 1989). br-ing1ng in a consiljerable i:!rnount of revenue and 

providing empiOidrnent to a ·vvide spectrum of the 'tvor~:ing population. For 

more information, the reader is referred to tt1e detailed studies and sur-veys 

in Natural Resources Authoritld of Jordan (NRA), 1936. · 

The industrial sector (mining, manufacturing, electricity and water, 

and construction) contributed 30% to GOP in 1987 (Centra1 Bank of Jonjan 

11onth1y Bulletin. Sept. 1'~i37), i:!nd consumed about 10% of a11 'tVater 

available. Figure 8 illustrate·; U'1e maJor sectoral contributions to GOP in 

1987. As can be seen, U1e econorny is largely service oriented. 
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Devaluation of the .Jordaman Dinar (JD) by the government took place. ' ' 

exports more competitive on the international markets (see Figure 9). This 

led to expectations of higher revenues and profits by farmers 'Nhich , in 

turn , resulted in an immediate increase in the demand for irrigation water. 
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Initiated from within tt1e government, the economic adjustment began 

\¥ith the flotatfcin of the currency and trade regime reforms. Subsequently, 

the Government, in collaboration \"''ith the ~vorld Bank and the International 

r··tonetary Fund (11'1F), formulated an economic adjustment program for the 

period 19139-1993. In t.t1is program , rr1onetary and fiscal policies promoted 

mcreased industrializatlon through ta:x: breaks and lower interest rates on 

loans for new industries . B1d rnid-1990, this program had resulted in 

significant e:-<port-led gains , and an estimated growth of 2% in the first half 

of I 990 . Fora review of effects before the outbreak of the Gulf War, t!1e 

reader is referred to Jordan Information Bureau , JIB ( 1991 ); and Reed( 1 990) . 

However, in recent months the 'l·tiddle East Crisis " has placed 

Table 1 ). The loss to the economy due to the U.N. imposed embargo on Iraq, 

Jordan's maJor trading partner, and the subsequent arrival of over I million 

peop1e, most 1 y refugees , into the country, are causing profound adverse 

effect on all facets of life. Sir Edward H~ath, former Prime 1'1inister of 

Britain, stated in an address to the Armed Services Committee of the U.S. 

Congress on December 20, 1990, that, according to international estimates, 

Jordan will probably lose over half of its GNP in 1991. r·1ore comprehensive 

U.N. report estimates place Jordan 's financial losses due to the Gulf Crisis 

(mandatory sanctions against Iraq) and the ensuing hostilities at U.S.$ 1.544 

blllion in 1990, and U.S.$ 3.647 billion in 1991. These figures are equivalent 

to 36% and 77% of total GDP, respectively. 

The financial losses to Jordan were mainly due to the impact of the 

crisis on exports , transH trade , remittances , official aid , tourism and the 

increased cost of oil imports . In addition, the number of Jordanian 
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r-eturnees from the 13ulf region r-eached 200,000 people b~ tr1e end of 

January, 1991. · · 

2.5 Water Resources 

In the following subsections. the e::<isting vv·ater resources in Jordan 

are descnbed. ',io/ater use 1s evaluated and allocat10ns or ··,t·,·'i::!t.er to u·1e 

different competing subsectors 1s revi e··Ned. !nit i all ~d, an overview 1s 

presented in or-der to pro'.lide a broad understanding of the water sector. 

2.5. 1 Overview 

·
; ·.~·· ~~or · ._:·,<,,( •.=-\'' i ,:1h(~ ., :~~ ._lt.lf"Cii1n ~ ~~ ~~E"rl:·/ 8(! : r:_,: ·(~ :.::.:J,· · :~.~ ;~ · :l ' /'· ; ~ ~ .-:: · ·..:.......~{·--~: ; : ~~-: 

groundv·teter sources , ~nd wastewater reuse. Approximotely 40% of the 

total surf:jce water supplies t~vailable are presently being utilized. The 

most import~nt development project by far is the proposed Al-Wehd~h Dam 

on the Y~rmouk River, which forms the border bet'lveen SIJria and Jordan. 

13rounrjv·tater resources on ~ nat i om·vi de basl s are current. lid bei nq e~~tr~cted 

;jt_ a level of about 110% of tt1e totljl available renewable :3upplies. The 

rates of withdrav·ta1. in some cases. are greater Ulan U1e natural recharge 

retes . Non-renewable groundwater is abundant in the south (e.g. the Disi 

Aquifer in the southern rjesert basin, see Figure 10, National 1N'eter 

Resources), but these sources are over 300 km from U"1e major population 

centers 1n the North..Jordan is currently expanding its 'Nastewater reuse 

~;ystem (see Jordan lv1inistrtd or Vv'ater ond Irrigation. 1990). 

http:i�iat.er
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Unfortunately, increa:3ed supplies fr·om U1ese tJ1ree :;ources ;~re 

becoming very expensive to develop. For e:-::ample , the price tag for tt·1e Al

'..~iehdah Dam is presently m.•er U.S. $250 rmllion. Transportation of water 

from the strategic Disi aquifer could also be .._,.ery~costly (2.53 JD/cubic 

rneter provided per year). Overclil , ;_t·:e \···iorl1j Bank ( 1988) estirnates u·,at tr1e 

1jeveloprnent of marglnfll source :; or' sur·face v·later could range bebveen $6

$7 per cubic meter. 

The total quantity of ·-..vater consumed in Jordan in 1990 030 ~'1CM) 

·-..vfls distributed in the follo\vlng proportions: 175 I'1CM for residential use 

and 35 11CM for industnal u:;e (bottl pnmanly from groundwater sources) 

and 520 MCM for flgricultural purposes (60% of which \h/as supplied from 

To place these figures 1n perspective , cons1aer a water 1-fuveny 

line" of 1 t·1CM per 1,000 inhabltants per year to be defined as a line below 

which a country would be experiencing water scarclty. In that case, Jordan 

can be considered a \.Yater poor country, producing appro xi mate1y 1 t1CM per 

4,200 inhabitants annua111.1 . Thi :; 1s reflected 1n severe \-Vater shortages at 

certain times of the 1:1 ear. ·.,.,..-rli ct·, is rnore apparent 1r1 u·1e rnuni ci pa 1 

·;ubsector than in others. 

2.5.2 Historical Perspectives on Water Resources Development 

Historically, water ·;upplies in Jordan t·,ave been ;~dequate and 

environmental degradat1on -..-vas not a serious concern because of low 

population densities and smaller agncultural and industrial outputs. In the 

past, vvater for residential use carne from ··,·veils, natural springs or other 

sources located near points of use. \,.later for irrigation vvas obtained 
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i r·11ji •.n ,jua! properties . As ·;uct1, ·.,...,..ater ··,·va:; reqarde,j a:; a free good that V·la :; 

m plentliul supply. The situation nO\·V 1s quite dll'ferent. Although r·nost 

>?arl 1d popu!;::tion concentration:; ·rver-e near qround\·vater springs in Amman 

,=, n1j n t f". t=Jt- t"["i ~ 1 r1 r- t :-:',_.'.,'r! •::: '...·.: ·::, f ut" ·: I 1° n p.,}.u •:· t r··,ur~ ij- r·e f"ll)',.\o' 1 t'! •=:ur· T,· j ,-. i unt r· u· f" t "18 ~ - • • • '"' • < - ) ,.. • ... • I - ·' , I ..J • ,. , - , rJ <_. ....J • (,.: - • • I I • - • '- 1,_. .I 

e:,:par11Jing population ',·/ ater r·:·:,J st :Je purnpe1J to Arnrnan and Zarqa from 

-~reas 1n U·ie r··ior-tti and East ,:: n;J ~ -,.. en frorn f<ing Abdullat·, Canal (f<ACl. 

·;;nee the Jordan F:i·.,.. er· ·;1dstern is essential to life in U1e area, ripanan 

i·;·;ues ha•.,.e tn?en ahvays at u-,e forefront of concerns. In addition to normal 

':onf1 ict inq uses, tr1e Anlb- 1:::r·ae 1i conflict t·,as o·..~ershadO\·ved cooperative 

uses of u-,e n·-.1 er ·;1dstern Da ting back to the beginning of the century, 
.,.. 

I • , ., ..J .J . - 1 - - ..I J - -- ........ :"'-. ... -;... .. ,..,. .. !,... · '" .' ""' "' .J _...;. ..•-l: .- ~- i"~ 2 i ' I j. ... ~ ~ ·: :-_; .. : - .. ..! • ·- · .-J • • : I ·. - . • '" ~ • • _. • • ' · : . ..,1. .. . • ~ -:' :. · - · . ; - · . . . .., ,. I • • '-' ..., • - """': ..,., ' 

t.he local populations in ne1ghboring areas. One such plan is called tr1e 

Uniii ed .Johnston Plan or' 1955, sponsored by the United States . The \~tater 

allocations according to this plan for the Varmouk F.:i·.... er are compared vvith 

current a11 ocat ions 1r1 Tab 1e 2. 

Table 2. AllocatJon or '/armouk River· \1·/ater. t'1Ct·1 per ~ear 

Riparian Planned allocat10n. 1955 Current use le·.,..els , 1990 

.-,fc ])().Jordan .:..I.J 

S1dria '} 1) 17(1 

"•CIsrael __) ]i)(l 

5!?urcgs: Naif and l'1atson ( 19i34). ·3alarneh ( 1990) 
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At the time of formulation of tr1e Johnston Plan, ''iarmouk River f1o··N 

\·vas estimated at 390 MCf1, and the upper Jordan F:i'·ier Tributaries at 550 

1"-JCM. According to the plan, Jordan·s st1are from the 'v'armouk v·tas 275 ~1CM, 

and its share from the Jordan River was fixed at 100 t1Cf"1 to be stored in 

Lake Tibenas. This gave Jordan a total a11ocat1on of 375 t--·1Ct1. Ho··h·ever.. 

Jordan only uses 120 t--1CI1 of U'li s f1 o·.,...,.. due to ( 1) other ri pari ans us1ng rnore 

tJ·,an u-,e planne,j allocat10n, (2) the fact u·,at Jordan does not receive any of 

U1e 100 MCt't potentially stored for it in Lake Tiberias, and (3) the fact tr1ere 

is no contrat ·of flood flow on the Yarrnouk . 

Jordan's East Gt·,or Canal (no 1N called l<ing Abdullah Canal, KAC), and 

the Israeli National ',N'ater Carner, ·-..vere completed in 1966 and 1964, 

• • I I - ' • 

, , - - . :: ! ·: . . ~ , , • -~ !.. · •.•..": ·• • : ··.• ·~ L :-:;: - · ~.- ; ; ~ 1 ~I :-' 1'1 ~) • · ~-- i ' · . . ! 1 ... - ·-- · , _.. , 

development of the Negev desert area in southern Israel, while Jordan's KAC 

constituted the basic infr-astructure necessary for agricultural development 

of the Jordan Valley. 

Jordan would need the entire 375 MCM allocated in the Johnston Plan 

to deve I op and permanentl'd 1rn gate the ··Ntlo l e Jordan \/a 11 ey, estimated at 

36,000 ha. Tl1e developed area for i rn gat10n by 1989 inc I uded 22,800 ha 

pI us a ne·ft ·6 ,000 ha addition at the southern end of KAC for a tota I 28,800 

ha. The last addition of 6000 ha was intended to be irrigated during the 

winter months from stored flood waters of the Yarmouk. Due largely to the 

lack of avallability of Jordan and Varmouk River vvaters to Jordan, the area 

developed for irngate,j agnculture in the Jordan Basin is severely 

underutilized. Furthermore, u·,e Deir Alia to Amman pipeline is running at 

1/3 capacity due to water shortaqe in KAC. 

In recent history, water supplies in Jordan have been augmented to 

keep pace with demand as much as possible. \·Vith this e~<pans1on 1n \.Yater 
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production and use, Ule vo1urne of 1m·v qua1ity return f1 ov·ls into the ri •.,.·ers 
. . 

has increased, causing concern for tr1e quaIity of future v·later supp Ii es and 

the overall environment (see "Environmental Conslderations" below). Table 

3 illustrates supply figures and public investments in the water sector over 

u-,e past bvo decades. ~1ost of tr1e i nvestrnent \·vent into construction of 

dams. V·lastevv·ater treatment f acilities , '/·i ater supp1y nebvorks and 

irrigation works . 

Table 3 . 'w'ater Supply and Public Investments 

Period Average \·vater Supply Pub1i c Investments Investment as 
• •J J""! 

· ; .._; ! ; •-j cd t 

1976-1980 550 520 16% 

1981-1985 625 245 10% 

1986-1990 678 280 (planned) 9% 

1991- 730 

St.mrct': Jordan Ministry of Planning. 

In the 1980's, .Jordemian water sector management was based upon the 

1977 National Water Master Plan. In 1988, at the request of the Jordan 

Government, U1e World Bank undertook an extensive surve1~ of the water 

sector and developed future forecasts and guidelines (w'orld Bank, 1988). 

This survey has now become one of the cornerstones upon 1Nhi ch decision 

rnokers · plans are .predicated. Another important document appeared in 

1989. In April of that year. the Jordan Ministry of Y.later and Irrigation 
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0"'1\.YI) presented a \·vorking paper to tr1e "Arab Countries Conference on 'w'i~ter 

Resources and ·their Strategic Importance." In tt1e paper, the t"-1inistry 

described the Jordanian e:x:perience of attempting to alleviate future water 

deficits and to cope with water scarcity. 

In December. 1990 , tt"te r·1n11 stry of V·later and I tTi gati on (f"1Vv' I) 

presented a new water strategy for the period 1990-2005 to U1e House of 

Representati'·les. Although tJ1at strategy ·Nas based on a t1igh degree of 

careful planning and analysis, the strategy was not based on a rigorous 

multisectoral~ multiobjective framework. It appears that an improved 

~;trategy could be developed by using an integrated, comprehensive approach . 

This issue is adressed in later chapters of this paper. 

2.5.3 Water Ooto Bose 

Jordan has a well conceived hydrogeological information base, which 

includes over 230 meteorological stations, some with records going as far 

back as 1923. r··1easured stream flows 1nclude data for the past 30 years. 

l~roundwater potential is continually monitored and updated based upon the 

physical models developed for the 1977 National \.Yater Master Plan. Data on 

·;all s, 1and c 1 asses and the geo1 ogy of the region are we 11 documented. 

Figure 11 provides an overv1ew of the basic geology of Jordan. 

Over the years, Uiere have been coordinated, country wide water 

resources development plans A 'Nealth of general data on long term / short 

term objectives and development targets are available from those efforts. 

In addition, the statistical tjearbooks of Jordan contain accurate and 

reliable macroeconomic and financial data for the whole country. 

http:1:t-'1\.YI


Tr1e most notable components of the e::<Jsting \·'·tater data base in Jordan 

1nclude the follov·ting : 

- .Jordan Cl i rna to 1 01~i c~1Data H<:Jr11Jbook. 1 988 

-Statistical 'y'earbook::; (~nnu~l) 

- Natural Resource :3 1 n .Jonj~n (I n'·/enton~, E'·/~ luat ion an,j Development 

Program). 1989 

-National Atlas of ._lonjon. parts I and II (Royal Geographic Center) 

- Studu of \ovater. Conveq;=,nce S:. ~terns for Soutt1ern .Jordan, 1 '}86 

' .. - . •. l i .-.•-. ...... 

·· '1Y u l....;l .:Jet., t.UI -~ ._..,.,~~j .. , . •J• t •..J u u; ,r,, . .., ..J"-' 

- f"tinistry of Y.r'eter and Irrigation ltv'ater Studies, 1988-1991 

-Agricultural Sector Strategy, 1r/orld Bank, 1990 

-A number of ,jetaile,j phys1cal models nJlating to ground~Nater 

-Environmental ::;t_u,jie:3 perfom1e1j b'd ti'Ie Rotdal o:;cientifc Soc1et'd 

- Hydrolog1c st.ud1e:3 performe1] at U1e Y.r';:Jter Researcn Center. 

University of .Jonjan_ 

It is important to note at this time that Jordan is not a "data poor" 

country. In fact, the ava1lable data gathenng nebvork is equal to that in 

deveIoped countries . And as a matter of course. this data base has a hvays 

been considered sufficient for pI anm ng purposes_ 



2.5.4 Survey of National Water Resources 
.. 

This subsection descn oes tJte '·.lari ous ·.;·tater resources that e;<1 st 

across Jordan and summarizes estimates of the supplies they yield. 'w'ater 

·;ources are distributed ..,..en~ une·..~enll~ on a spatial bas1S. and some of these 

:;ources are :;t1ared btd se·.,..er;3l c:ji.Jntne:;_ For· u·ie sake of sirnpllclty, \·Ve 

!ji•-.1ide these sources 1nto U"ie t'/·.:o rria1or qroups of surface and ground··,vater, 

\-Vt'lict·, '/·.'ere mapped out in ;::JeU11l 1n u·,e 1977 Natlonal '•i·/ater r··1aster Plan. 

'3ince annual precipitation .._.. anes fr·om 6,000-11 .500 r·-'1Ct'liyear, 

..,...tater a'..,.ai l a btl i ty from runoff 1nto streams and for groundwater recharge 

purposes a I so \.'aries v·n de lid on an annua I bas1 s. \1·/e '·Nlll there! ore provi de 

figures for flood and base flo··Ns. analyze t·to'N the attempts that have been 
. . . 

1.. ! ;. · ~:. :·.~ · : ~ : ,·: -. ·.. ·: . ~ :.~J . . , ; ~ ... t'i !i: L:::i ~ ~ .J l., .· ~· : '_; t . ' :,. · -: • ' t , 1 1 :: ' • \ .. 

;3nd hi gril i gt1t the prob l ern of Qround\·vater mining in some regions . 

Since surface and ground \·Vater sources are mterlinked to a large 

extent, double counting of available water supplies presents a problem in 

many areas of tl'"te world. n·ti s does not app_ear to be a rna Jor difficulty in 

._:onjan no·Ne'·..'er, ::.ince iJet;3Jlelj studie :~ before and after U"te National \·'l ater 

i1 aster P! an ha'..1e recoani:ed and addressed trtis problern . ._, 

'w'astewater reuse i :; 1nc Iuded in this section a:; a possible \·Vater 

source for the future, grouped together 1Nith other non-conventional sources 

of water. 

Surtoce Woter 

Figure 12 pro·.ndes C1n o·.,..en.. ie··,·\·' of tl'"te surface \·Vater sources, in 

terms of their base and nood f1 o··Ns . As can be seen , t_t-;e Nor·u, and 

Northwest regions have U1e l10n 's share of ·vvater. Trte rna_ior rivers are the 

'-iarmouk, u·,e Side 'w'adis (a ·-..vadi is a 'Notercourse in a valley flowing in the 

http:C�JLmt.ne


'Ni nter months) and tr1e Zarqa, a11 of ··Nhi ch f1 ow ..,...,..est \·vards into the Jordan 

River, and finaliy into the Dead Sea. The Dead Sea is a closed body of \·Vater, 

where the only avenue of vvater escape is through evaporation. estirnated at 

a constant 1.6 rneters per year. \:later levels in the Dead Sea have declined 

from 392 rn belO\·V sea le'·iel at t11e beginning of this century to 405 rr1 at the 

present time (For details of Dead Sea leo..,.els and for information on tile 

r·1editerranean Dead Sea Canal. see Assaf, 1976; \···ieiner, 1930; Hochman et 

al., 1984; '3alarner' and n,avveL 1984; and Gross and Zahafi, 1985) . The. . 

decline 1n water levels is caused primarily by ( 1) increased diversions of 

··,·v ater from all tributaries leading into the Jordan River system, and (2) 

increased industrial activity on both s1des of the border, which withdra 1N 

... ' ....... . . . +- . - ..IJ • .L.: ... .. ' • I,.._-. 

·... . ·-·t ; .. +-i- . 1 .: •.:.: •. : . ;.~ , •..;..;_.:, i~ ·.! ~ : ,; ;tc:i ~;...:: :•i 't,.it~; _ , I, •,,',_ ·- • • • • ~ i o 

dec! ine in the surface \·vater elevation at the Dead Sea these bvo factors 

have further secondary effects on the environment , as explained later. 

I 
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Figure 12_ Surface weter sources and annue1 f1 ov·ts (by basin) 

For comparison purposes. Uie average annual ,jischan~es of several 

major rivers m the region are st1own below. The "t'ermouk. ·...-·.:ittl its smell 

,jischerge volume, 'Nould be of insignificant importance if it. were located 

elsewhere in the 'Norld. Ho\·vever. in the semi-arid r·lid,jle East. any 

available quantity of v't'ater is precious and therefore invites e~;ploitation. 
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Table 4. Average annual discharges of ri• . .:ers in the r··1iddle East 

River System Discharge, nct1/ '/ear 

Nile 92,600 

Euphrates 31 I 830 

Tigris 42,230 

Jordan 1,287 

'/a.rmouk 400 

5i.tt/rcBs.· Salarneh (I 991 ); Naff and f"1atson, eds. ( 1 984). 

Oevelopments of surface water resources in the Jordan Val.ley have 

princ1pally been for irrigation purposes. Table 5 lists the dams and 

reservoirs currently in use, and the dams that are proposed for further 

development. The table also identifies the major rivers and streams on 

'Nhich the dams are s1ted. The locations of u·,ese e:<Jsting and proposed 

1jams are 1llustrated in Figure I 0. 

The government is seeking to pnoriti:e the development of all 

proposed projects according to yield, location, immediate needs, costs, and 

other factors. Steming frorn more recent feasibility studies, Jordan can 

potentially benefit from approximately 150 MCM of additional surface \.Yater 

bearing in mind that Jordan currently utilizes 120 MCM of Varmouk ··Nater. 

These proposed proJects substantially all of the surface \"later. resources 

remaining to be developed. 



EXISTING DAMS IN JORDAN 

DAM NAME . . RIVER OR IYEAR CAPACITY !PURPOSE 
IWADI COMPLETED MCM 

KING TALAL ZARQA 19861 82.00 IRRIGATION, POWER 

WADI AL-ARAB W.AL-ARAB 1984 I 20.00 STORAGE, POWER 
KAFREIN KAFREIN 1976 I 4.80 IRRIGATION 
SHUIEB SHUIEB 1964 I 2.30 G.W. RECHARGE 
SHARHABEIL ZIG LAB 1964 4.30 IAAIGATJON 
SULTAN I MUJIB 1962 1.20 IRRIGATION, LIVE STOCK I 
OATRANA MUJIB 1962 2.30 G.W.RECHARGE,UVE STOCK I 
LAHFI DHULIEL 1967 I 0.70 LIVE STOCK WATERING I 
BUWEIOA YARMOUK 1967 0.70 !LIVE STOCK WATERING 
GHADEIR AL-ABYAD YARMOUK I 1967 0.70 LIVE STOCK WATERING I 
SAMMA SIRHAN YARMOUK I 1965 0.70 LIVE STOCK WATERING i 
AGIB -- . IDHULIEL I 1983 I 1.40 G.W. RECHARGE 
BURGU' RUWEISHID 1950 I 1.50 ILIVE STOCK WATERING 
SHAL'AN iRUWEISHID i 1970 I 1.00 IIRRIGATION I 

DEJA AL-KAHF jOEIR AL-KAHF I 1950 I 1.50 LIVE STOCK WATERING ! 

-~.,---# ~ - ~~ .-- ..... ·-r •••• •
0 ~ .: : 'vo --:· ..... :...· O • . • :,..; ._ .:~· ·. ~ _,.: ;"'... : :•,.•,!".• 

DAM NAME BASIN STORAGE STUDY WATER ·· 

I 
CAPACITY CONDITION USES 

MCM 
WEHDA YARMOUK 220 FEASIBILITY MULTIPURPOSE 
KUFRINJA J.V.SIOE WADIS 5.2 FEASIBILITY IRRIGATION 
W.YABIS J.V.SIDE WADiS 5.2 . FEASIBILITY IRRIGATION I 
KARAM A J.V.SIDE WADIS 45 FEASIBILITY IRRIGATION & STORAGE 
RUMIEL WADI WALA l 25 UNDER STUDY IRRIGATION 
HAMM~ WADI WALA ! 3 REFEASIBILITY G.W.RECHARGE 
NUKHILA WADI MUJIS I 12 UNDER STUDY MULTIPURPOSE 
AL-ABYAD WADI MUJI8 I 12 REFEASIBILITY IRRIGATION 
SWAQA WADI MUJIB 2.8 REFEASIBILITY G.W.RECHARGE 
TANNUR WADIHASA 14 REFEASIBILITY IRRIGATION 
DABA'A WADI MUJIB 2.8 REFEASIBILITY MULTIPURPOSE 
ZATARI ZARQA RIVER 2 REFEASIBILITY IRRIGATION 
RUWEISHID WADI RUWEISHID 10.8 UNDERSTUDY MULTIPURPOSE 
ABU HAFNA WADI AUWEISHID 1 2.5 UNDER STUDY MULTIPURPOSE 
RA.JIL AZRAQ 2 UNDER STUDY G.W.RECHARGE 
RATAM AZRAQ 2 UNDER STUDY G.W.RECHARGE I 
E:.JTUM 1AZRhCJ 2 UNDER S7L· :·~ · G.\',' .R=::HARGS 
ABU SAFAT JAFR 2.8 UNDERSTUDY IRRIGATION 
JURDHAN JAFR I 4 UNDER STUDY MUL TJPURPOSE 
USHEISHAT JAFR 2.4 PROPOSED G.W.RECHARGE I 
;MATHK JAFR I 2 !PROPOSED LIVE STOCK WATERING 
IFASSU ' A JAFR I 2 PROPOSED LIVE STOCK WATERING 
IABYAD JAFR i 2 !PROPOSED LIVE STOCK WATERING -
jUOEIQA jJAFR 2 !PROPOSED ILIVE STOCK WATERING 
l.. ~-JAHDAI\'IV.A. :JAFP 2 ' PROPOS~~ :LIVE STOCr: \/,'A TERING 



Groundwoter 

IJver the past t"·.·vo deca,jes, e:·:tensi\.•e hydrogeo Iogi cal investigations 

covering the entire are of Jordan t1ave been conducted. These have included 

:;tudies on the evaluation. C1'·/allability and suitability for utilization of 

~~roundv·later resources. '../anous pnys1cal rnodels have been de'·leloped based 

upon f·Jydrogeologic :::ur•.,..eys, ·~ucr1 as the r·nodel developed for the Disi 

Aquifer in 1986 by Humphries r'or U"ie \'·later Autlionty of Jordan. Tr1e 'w'orld 

Bank ( 1988) and other:; r1ave indicated that tr1ese investigations now provide 

Jordan v·tiUI-'fi resource information base that compares favorably with that 

in other countries. From this Information base, ·...ve present below (Figure 

14) the tote I yi e1ds a'..,.ai 1ab Ie to Jordan from a11 groundwater aqulf ers 

• Renev~.ble 

[j ~,lon-reneVv-a.ble 

11 Total 

All Groundvvater Bastns, tv!CMI Year 

Figure 14_ Groundwater y1 e l,js 



In Jordan, ten major groundwater basins are define,j according to 
.. 

reqional 'Nater divides, aquifer limits or important topographic features . 

These basins are illustrated in Figure 15, along with their associated safe 

yields . The MWI has stated that there are I ,503 licensed private v·later 

\·'·tells operating in these basins. e:,<tracting a total of 188 r·1cr-1 per annum for 

irrigation purposes. o..... erall, safe yields from maJor rene··:vable sources are 

being e~~ceeded by an average of 32:=&, according to u·,e t-'l'w'l, by e~<tractions 

from publicly and pri\.oately operated v·tells . 

The World Bank ( 1988) in illustrating mter-regional \'Vater e:>{changes, 

,jefined four ground \"tater regions. the North, Amman-Zarqa, Dead Sea

Azraq, and the South (refer back to Fig. 10). The discussion here lends itself 

..L. ~ ~ l . ' ' _, 
.. ~··'-.! SC , u: .. : : ·:: . : l ; : : . ..~ ·. ~ . ~- . . ,. 'J. ;. ·-·· 

Bank, tempered by recent data from the M\n/1 and the Natural Resources 

Authority (NRA). 

Region 1. The North: In this region, the f'lukheiba and 11"/adi Al-Arab 

'."tells are the most promment in terms of water :3upply. The former are 

rnainly utilized for irngation in the upper ._ionjan '·./alle'd (35 ~1CI"1) and the 

L:ltter proviJje 12 f'lCM for rnunicipal and industrial (ivl&l) demand. The 

exceedance of safe yield for the Wadi AI-Arab wells t1as reduced flows into 

the Wadi Al-Arab reservoir. This reservoir is now augmente•j by pumping 

'Nater from the KAC. The 11"/orld Bank suggests developing plans for using the 

t1ukhei bl) we 11 fie 1ds for MS--1 use in the future, due to its qood qut:l I it'd 

waters . The use of tt1e r-lukhaiba well field directly for tvl.~l use at tt1e 

present time however, i:; not economically practical because it involves 

constructing o I 00 krn line to Ammon. Flo'NS from he Mukhaiba fields ~re 

presently diverted to the KAC to augment irrigation water supplies. In 
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addition. KAC water, \~/hen avall ab1e. is pupmped to Amman u·,rouqt1 the 

e:><isting Deir Alla-Amman pipe line. 

Region 2. Amman- Zarqa: n-,i s region supports a Iarge concentration 

of the Jordanian population. ar·,,j ~~nJurllj·...vater ··..vi tr1dn:r·..va Is aIready e ~<ceed 

_safe yields. The main ..,...,..eJlfields are the \1·/adi Seer (rnmicipal use), ··.~ladi 

Ajib (r·nunicipal and agricultural u:;e) and \1·/adi Dl1uleil (rnainly irngation). 

These 'vVellfields are subJect to V·iater quality problems due to over 

extraction, aAd in the case of the Vv'adi Seer/Amman aquifer, lts overuse has 

Ci3use,j tr1e decline of ''i·iater flows into the Zarqa River, reducing much 

needed freshwater dilution discharges into the river. 

have also been over extracted. The Azraq wells provide 15 MCM for Amman 

.:mnually and about 5 t1cr-·1 for loco! crop production. Safe yields are 

est i mate,j at 20 tv1Ct'1. 0 titer ground water sources incIude Rumeil, 'Nhi ch 

f eeds \.Vadi 'N'aliJ, t:lnd the SwijQa. Qastal and Katraneh which feed ¥/;jdi t-1ujib. 

Two s1mplified h1ddroqeoloq1cal cross sections are presented m Fiqure 16 on 

U1e next page. Tl1e firM cross section identifies 'Nater- table depths and 

geologic sequences (A , B, K. etc.) from the Dead Sea to Al Azraq. The second 

cross section is discussed bel O'N 

Region 4. The South: The second cross section of Figure 16 depicts 

vvater levels and geolog1c formations from \1v'adi Araba to AI-Jafer. 

Although the natural recharge rate into the AI-Jafer basin is estimated ot 

only 3.5 ~1CM per year, tr1e stored '·iolume of this aquifer is estimated at 

17,000 t1CM in the upper layers . Total dissolved solids (TDS) in tr1e upper 

layers range from 600 to 4,000 ppm. The underlying aquifer stores an 
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estimated 40,000 t'·1CJ1 of s 1 h;Jilt 1 y br-ackish, une:-<p 1oited ';~round··,:·,··ater (TDS: 

700-2,000 ppm} The Di si aquiter is anotr1er ';~round·vvater resource of 

extreme i rnportance . E::<tract ion rates are current! y at a 1eve1 of 

appro ::~; rnate 1 y 60 r·-101 per year. 1 t has been estimated that an e:·:tract ion 

:-ate or· 1 I 0 1'10'1/ year can be e:<pected from this non-renev·iable aquifer for 

about I 00 years v·nthout incurring e:<cessl'·/e purnp1ng lifts (NRA, 1988). The 

\,.·lorld Bank has suggested curtailmi~ u·,e use of tt·iis aquifer r·or desert 

;:1griculture (heavilld subsidized by the go•.,.oernment) and developing a plan for 

tt1e use of its strategic resen.. es for rnucll needed municipal supplies in the 

nortt1 , through conveyor systems currently under consideration by the 1"1\VI. 

Future development of groundwater resources may take the form of 

' . -: · - - -1.J ~,: _' ' • ... ....... , ••: :L: -;t_ . . ! •. ~ ; l : ; 1 .:,· ' . ' ' ' "' ;- ._, · : i .. , .-, ·- :.. · ~...., .. : :.: ! . ....;. ~ • • .:~ 'f j ¥ • - • •• '; : • 

and 'Nater quality would be an issue of concern. In addition, artificial 

groundwater recharge is currently being studied by the M\¥1. The procedure 

\¥ould be to build a number of desert retention basins to collect flood flows 

and direct them to known groundwater basin~ for direct i nfil trat ion. 

No.n-Conventionol Sources oi woter 

In general, most countries strive not to depend on non-com.oentionsl 

sources of water, because of the inherent high cost associated 1Nith them. 

The different types, emplo~ed in varying degrees over the ··i·iorld, include 

wastewater reuse, desalinization of seawater or brackish ··Naters , cloud 

seeding, raim·vater han.oesting, and importation of v·later from abroad. 

Jordan has some e:-:periences vvith V·laste'vvater r-euse (Batarseh el a/. 

1989). In the Khirbet Al-Samra v·.'aste\·vater treatment plant located near 

Amman, 1 i mited reuse has been app I i ed to irrigate forest trees. 11ost of the 

effluent from this plant flows to King Talal Reservoir, whose \oltaters 

http:resen,.es
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irrigate parts of the Jordan '../a 11 ey. Accardi ng to U1e t·'ti ni stry of \A/ater and 

Irrigation, current treatment plants produce appro::<imately 40 no··t of 

effluent annually, and this is e~<pected to rise to 70 tv1CI1 in tt1e year 2000 

(Kefaya and A1-A1em, 1991) Because of tt-li s, ..... ari ous agencies in Jordan are 

·;tu1j1ding ttle practicab:lity M1d fea:;ibilitl~ of uswg tJns effluent v·;ater r·nr 

irrigation. In otr1er parts ot trte \·vorld. eH1uent r-euse has already been 

1jeve Ioped to a Iarge sea Ie. In Saudi Arabi a. for e:-::arnp l e, ;:.n estimated 335 

t1CM of reclaimed \·vaste \·vater·'i·ias used in 1990 (AI-Ibrahim, 1990). 

The pg.ssibilities tor desalinization of seawater e:x:ist at Aqaba, the 

onI'd :;eaport of .Jordan. In trli s ~~rowing commum ty, a 1arge therma I power 

station is currently be1ng built in stages . The !"teat generated from tr1is 

plant (\A/ater Authority of Jordan, 1986).- No detalled stud1es are av~:n I dOlt! 

at this time, and desalinization of sea'Nater is not seen as a viable 

alternative because the cost to the consumer would be approximately 1.5 

JD/cubic meter (CM), as opposed to the average price of 0.25 JD/CM. 

However, desalting of brackish vvater could provide 145-220 r··1Ci1 for 

municipal supplies per annum, according to U1e t'1inistry. n·iis has not begun 

on any large scale yet. 

Cloud seeding in Jordan \·vas used for 3 years between 1986- 1989. 

The results were not fully evaluated and research in this area is continuing. 

l,n general, the difficulties with cloud seeding stem from the imperfect 

knowledge of the prtysical processes causing precipitation, and from the 

physical constraints of using optimum amounts of silver iodide crystals at 

the right time and place (Kefaya, 1991 ). 

The process of rainwater harvesting in Jordan would involve the 

collection of rainwater o·..~er large natural drainage areas. The runoff is 
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collected in 1Nadis, where low cost darns can provide storage . Tf·1ese small 

reservoirs would pro vi de v·iater for supp1ernentary irrigation and for 

livestocl( requirements, as "vvell as the potential for use in groundwater 

recharge. 

Currently, H1e to !lowing inno·...'ative or non-conventional vvater resource 

practices are being utilized in Jordan: 

( 1) Large rnan-rniJ•je 1o•joons are being use•j in a pi 1ot project for 

cattle use and small ~;cale ;:l•;Jnculture in ~;orne areas of U1e Hamad basin in 

U1e North East. 

(2) A study in Karak-Tafileh Governorates involves collection of 

rainwe~ter using contour f11rr0\-ving techniques. Several thousands of 
. . 

which receives between 100-200 mm of rain annuolltJ 

(3) The University ot Jordan is implementing the first phase of a 

series of experiments on water harvesting at a 200 ha site 50 km southee~st 

of Ammon. Early results are encouraging. 

Importation of \·vater from abroad t1as also been considered for 

Jordan, especially diverting Euphrates \.Yater (estimated consumer price 2.0 

JD/CM), and from the proposed peace pipeline from Turkey to the Gulf 

states. Both of these proposa Is have e~<treme poI iti ca I and economic 

ramifications and their feasibility studies for Jordan have been shelved at 

this time. To better prepare for the future, it is suggested that Jordan have 

a far reaching outlook on the 1ssue of reqional water resources. 
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2.5.5 Evaluation of Water Use and Supply · 

A woter balance chort for .Jordan is presente,j belo 1N. Table 6 

combines data ~~att1ered frorn ::;everal sources v·dli ch e:<t1i bite,j ::;1 i ght 

understanding and feel for t.M O'·ierall ::;it.uotlOn. rather t.t1on to rnerel1d 

ernpt·Ji:l:3i ze t.t1e nurneri cs . 

Tab1e 6. '·,'/at er 6al once for .Jonjon 

Category r·1ctv1/ 1986 

Evapotranspiration 
Streamflow 

Diversions 
Irrigation 
fvl&l 

Consumption 
Irrigation 
M&l 

Return Flow 

Outflow 

6,120 6,800 
1,080 1,200 

678 709 
518 539 
160 170 

340 358 
300 315 

40 43 

338 351 

740 849 

5i.1WTBS: Data adapted fr-om Al-11orneni( 1987); \·\"orld Bank ( 1988)~ end NRA 
( 1988). 



· As depicted in Table 6. the st1are of '/·tater for agriculture is 76:~ of 

the total wateravatlable in the country, principally supplied from surface 

sources. The ··:vorld a•.,.. erage for- agricultural ··..vater use is 7o:::g (F'ost_el , 

1984). Hm·vever, H1e important point to consider is that 58% of the water 

for agnculture 1:; lost , that j .; , :t ; ; not directly returned to the "regional" 

hydrologic cycle . In the case of r·numcipal use and industrial production , 

tJlis loss proportion 1s appr-o :-:J rna t e l'~ 25:1:. nws, 7S::.g of the ··:vater used for 

municipal and industrial purposes is returned to the cycle, albeit in an 

environmentaLly degraded form. The env1ronmental impacts of these return 

f1 ows wi II be discussed 1 ater. 

,.._,,..A _.. ,... r,,.,..,... '·· 
I • , - .._ • • - · J:- • :"' ~ ~: 

For the purposes of ttHs paper, estimates or v·tater avaiiablllly were 

collected from several :;ources. According to the Ministry of 1r1/ater and 

Irrigation in Jordan (Jordan MWI , 1991), the total available flow in the 

surface basins (consisting of base flow and flood flow) is 750 i1CM on an 

average annual basis Ho··,·vever, the rna~<imurn economically e:x: ploitable 

quantity available to Jordan , e\/en after all dams including the 'w'ehdah Dam 

are bui It, is on1 y 47 4 MCi1. This difference is due to the e:x:tensi ve use of 

the major river (Varmouk) by others, and the lack of darns on the "iarrnouk 

and maJor wadis. Tl1e t·1\..·ll est1mate of safe yield from the ground··..vater 

basins is approximately 388 1101/year. 'w'orld Bank estimates of these 

surface and ground \·Vater re ·; ources are 878 tv!CM/year and 356 i1Ci·1/ year, 

respectively. Ottler sources (Al-l 'lomani , I 987, Naff and Matson , 1985) give 

estimates ··Nithin that r3nge A more realistic total safe yield figure of 862 

MCM/year (ground and surface combined, 388 + 474) will be used here. 

However, only 730 t·1CM out of this 862 t1CM is presently being exploited and 

http:t�1\,.ll
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utilized annually to meet 1jernand. It is only after U"1e completion of U1e Al

\··lahdeh Dam ·vvHh a storage c'3pacity of 200 r·-l!:t-1 per annum (effective 

additional supply to Jordan of 200-125=75 i"1Cit), and other supply 

augmentation projects, that the figure \·viii approact1 tt1e 862 r··1CM ceiling. 

Table 7. Sources of current ...,·.,.·ater pnJ,juctlon 

Subse.ctor ',N'ater Production, I'1CI1 

Municipal and Industrial (21 0 MCM) 

Zaatari and Aqib wells 
Dhule1l wells 
Azraq 'Ne 11 s 
Jorden Valley '\'Vells 
Baqaa wells 
Swaqa, Qastal, IJatraneh v·lells 
~3ul tam and Girvve1 r ··..ve 11 ~3 
Srn:~wbek v-ie l1:: 
Phosphates mmes vve 11 s 
Disi and Wad1 Vutem 'rvells 
Dei r A 11 a 'Neters-Zai- Amman 
Venous springs and \·veils in governorates 

Irrigation (520 MCM) 

King Abdullah Canal 
Side Wadis, North .Jordan '../alley 
Side Y./edi s.. South .Jor-dan Va 11 etd 
Disi and Mudawarrah basm 
\A/astewater reuse 
Private Sector wells 

1 c:;_ I C! · 

i-? 

18-22 
8-10 
18-20 
8-10 
2-3 
16-18 
3-5 
1 .--, 

24-28 
9-11 
9-11 
61-72 

120-140 
70-90 
35-45 
45-55 
28-32 

160-200 



The quantity of water produced is supp1i ed to ,jemand centers Htt-ougt1 

;~ highl'd developed infrastructure, the efficiency of \·vhich remains 

questionable. This infrastructure consists of pumping stations, reservoirs 

and pipelines for municipal and industrial demand, storage facilities and 

canals for irrigation. In the case of res1dential supply, residents alrnost 

invariably t1ave storage tanks on rooftops. Tl1ese are used to r-egulate \'·tater 

flow . :;1nce u-,e V·iater auu·,onties ter"j to st·,ut off u·,e supply a fe··.:·i times a 

week in the summer months . n·,erer"ore, residents generally t1ave some 

~~vater, a I bei+ not in adequate quant 1t ies. 

Over 85% of u-,e urban population and about 20% of u·,e rural 

population are served through house connections . Aggregating these figures 

served through direct house connections, the remainder having access to the 

water supp I y system through pub 1i c standpipes ('0/orl d Bank, 1988). 

There are 14 wastewater treatment facilities of varying capacities 

in Jordan producing a tota I of 40 t1Ct1 of effluent annua 11 y. These p1ants 

:;erve appro~<irnately 7S::g of all buildings 1n Jordan U·1V,II, 1991). The 

remamder are sen,.ed u-wough 1oca I septic tanks or cesspoo Is ··Ni th effluent 

percolating into the ground . The resulting sludge is pumped out by tank 

trucks and dumped in approved areas. 

k'Bter OemBnd 

In terms of the demand for v·.'ater, three main subsectors compete: the 

municipal, agricultural and industnal subsectors . Anticipated demand for 

each of these subsectors is presented be IO\¥ in Figure 17. The safe yi e 1d 

figure from all sources, fully developed, is 862 MCM I year. 
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Figure 17. ProJected -vvater 1jemand by each subsector 

l ..... \ ....... , ..... _,._,.- -- ~ ·· 

The municipal ::;upply ~;ysterns :;erve over 440,000 recorded 

residential, commercial and lh~ht industrial users and are plagued by t"1uge 

losses. Some sources of inefficiencies are related to aging pressure pipes 

and inaccurate meters. In addition, illegal diversions of water to t11dpass 

rneters is practiced on ;j s1gnific•:mt ::;cale, accounting for- tt·,e r-ernalnder of 

tJ1e lo:;ses. In tt1e rnumc1pal ::;ubsect.or, per caplta consumption nmqes from 

50-300 liters per day (lp1j) with an average of 150 lpd. Tl·,e reliability of 

these estimates is questi onab 1e, t·,owever, 1jue to tr1e fact U"1at •j Iarge 

amount of water is unaccounted. 1n fact, according to Y.iorl d Bank figures, 

80 t1CM of the water supplied was unaccounted in 1986. An estimated 11 

~1CM \¥ere unaccounte1j 1n 1962. Both figures v·ter-e estimated from t.r1e 

1jifference between e:<:pecte1j revenue and actual r·evenue received as 

payment for the water supp 1i e1j in those years. These Iosses are tt1e result 

of inefficiencies in operation. monitoring and maintenance. 

http:ubsect.or


In the municipal ·.,...,..ater subsector, i ner'ficient operation and 

maintenance can· have major consequences. For e:,~arnple, in 1986. surface 

··..vater ··..vas used for the first time used in Jordan to satisfy municipal 

demand in Amman. The 'Nater supplied through a sub-system from King 

Abdullah Canal U1rough Deir A11a ··..vas contaminated ..,...nth ra\·V sewage at a 

nev·1 treatment plant 1n Zai . .All cross connections bebveen polluted and 

fresh V·iater \·vere subsequent] '~ eliminated (at a higher total cost for the 

project) and the plant 1s now operational, albeit under conditions of water 

shortages ln_KAC. 

(b) Agn cultura1 Demand 

In Jordan, ;3griculture provides 10% of nominal 130P, 'Nlth crop 
• . I 

respectively, of the value adderj in this subsector. However, the impact of 

agriculture is quite broad, and affects the industrial and service subsectors 

(World Bank, 1990). Tl1e total land area under irrigation is 55,000 hectares .. 

mostly in the Jordan ~/alley and Southern Ghors. The King Abdullah Canal is 

U1e ma1n llfeline for rnost itTigation proJect:: in Hn? ar-ea (::;ee Figure 18, 

lrrir~ation in t11e Jonjan \.-' ;jJJerd). '·r/ater :::uppl'd to tl1ese ar-e.js is pro'v'lded by 

surface gravity systems (45%) anrj pressure p1pe SldSterns (55%) . It had been 

anticipated that irrirjable J;:Jnrj areas 'NouJrj be increased to 36,000 ha by the 

year 2000, after which water use for irrigation would level off. The 

anticipated increose in irrigable land e~rea will most.l1~ be in the Jordon 

~./alley, since HTigation pro_1ect:; in the highlanrjs utilize only groundwater 

supplies and tl1erefore future lanrj rjevelopment there is very limited. 
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In the agricultural subsector, irrigation efficiencies range from 38% 

for sur}ace distribution systems to 70% for direct pipe distribution 

systems (\1·/orld Bank, 1986). i·1any factors contributing to these 

i neffi ci enci es are apparent. For e::c:arnp1e, even though a substantia I 

investment in irrigation infrastructure i :; in place. e•.,.aporation rates from 

open irrigation canals in the Jordan Valley are t·tigh, and seepage losses from 

tJ1ose sarne canals 1jr;:nn a\·vay cons1derable amounts of water. In addition, 

t1igh subsidies to Jordan \/alley farmers imply that more irrigation water is 

used tr1an i ~_necessary. 

(c) Industrial Deme~nd 

The rnaJor industnes in .Jordan 1nclude the petrochemical refinery et 
' 

-~ -~.: : q~. : ~~:::·~ -~;; , ·~ ~ . -1_ . . ~.:- ·.. · .~, · - .:; ! ...~t :-. .:: \ : :'":_J : ::.:~ ·~L -ic;;:: ·:_ :: t· ; .~~ .. - (j~;:·~; ·~-- ~~~!-~ 1 _ {:~ 

industry at Salt; the phosphates industry in Hasa. Abye~d and Shaidiyeh; 

potash p 1 ants at the southern tip of the Dead Sea; the g 1 ass factory in Maan; 

and the fertilizer industry in Aqabe~. These maJor industries obtain the1r 

water from private groundwater wells. Srpaller industries use municipe~l 

··Nater :;upplied b1~ t11e public sector. In all cases. efficient reutllization is 

encouraged bid t11e 1 i cens1 n1~ authorities at t11e r·'1't·ll, {lS 1s U1e use of t1racki sh 

woter mixed with fresh 'Nater for cooling. 

A number of stwji e:; tKJVe been app I i ed to forecast water demand in 

Jordan for the next several 1jecades. Al-tv1oman1 ( 1987). for example, 

empiOijed ordinand least ::;quares regresssion analy:3is to predict. possible 

water use in the future T·wo other studies (t-1'1'11,1989; '•r/orld Bank, 1988) 

were bosed on the \"later Sector naster Plan of 1977. Figure 19 provides a 



perspective on these recently forecasted values of \·Vater demand from tt1e 

three different s.ources. 

• World Bank,88 

~ \11/·:tr~r '· ·11·r·,,·c....,, ·:.·~~ I '· • •1:1 I y ·-·'J y.. ,_, ·

11 AI-Momam, 87 

1990 1995 2000 2005 2010 

Figure 19. Forecasts of Total \.Vater Demand, MCM per year 

Some possi b 1 e e~<:p l anati ons for the discrepancies in demand fore casts 

are: ( 1) the use of different sources of input data, e.g ., different population 

projection estimates; (2) the use of different theoretical assumptions, e.g., 

the assumption that agricultural water use vvould le•.,.el off, and. (3) lack of 

a reliable historic data base on water supply and demand figures. Despite 

the discrepancies in forecasted \.Yater demand, the gap, or deficit, between 

supply and demand clearly is widening. 

These studies also reveal that a substantial amount of current and 

historical water demand data are available . It appears that a sufficiently 

strong data base (regarding v·.:ater avai 1abi 1ity and use) e:d sts to support 

comprer,ensive water resources planning in Jordan to address the deficits. 

http:le�.,.el
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The term "deficit" is a relative term and requires further elucidation. 

In the case of J9rdan, e semi-arid countrrd V·li th scarce v·later :;upp 1i es and a 

growing population, the general public realizes that they r-nust conserve 

··Nater. Thus, in light of the fact u·1at demand per capita is relatively low, 

the question is ho·w Io··..v ·.,:.,.-ou 1d U1e qo·.,..ernrnent a11 o··:v t!"Ii s ,jernand 1e·.,..e 1 to 

reach, or, in other 'Nards v·ihat is an acceptable time frame in 1Nhich new 

..,...,..ater supplies are reqU1red to keep pace ··,·viUl demand? 

The government has p 1aced resident i a 1 demand as the first priority in 

\·Vater allocation decisions. An important consideration in ·water resources 

planning is the development of a lo\.Yer limit, belovv which water supplies 

'NOuld not be allowed to fall. There is no easy way to do this. The most 

practical way is to 11 ·;e a ratio of accepted levels of ·water for each 
' , . 

and Irrigation is considering a figure of 190 lpd per capita (including 

losses) to cover total demand in the country for municipal purposes. Any 

excess \.Yater would be allocated to the irrigation and industrial subsectors 

;3ccordi ng to set quantities and proportions. Under this approach. tota1 

water demand can be calculated given adequate estimates of population 

~~rowth. Then, these mum c1 pa I demands (a Iong ··..vi th 1rri gati on and industria1 

demands) can be compared with the supplies available \·Vithin basins to 

determine future deficit projections. 

Because of concern over impending deficits, the Jordan Government 

studied the situation in detail prior to the recent Gulf War. It outlined when 

the water deficit will occur and vvttat it intends to do about it. According to 

the MWI, an estimated deficit of 143 ~1CM '·Nill be reached by the year 2005, 

assuming that histoncal levels of resource development continue to 

augment supplies. Ho"vvever, lf the current financial squeeze continues for a 
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signlficant period of time, e::::pected development projects v·till not take 

place, causing .deficits to occur earlier than expected and to increase. 

thereafter. Possible courses af action envisioned by the government in 

2005 include e:x:ploitation of deep ..,...tater aqulfers, Initiation of conservation 

programs, controlling '!'later ·;uppl'd losses. searcr1 for v·..-ater sources outside 

the Kingdom, artificial rect·,arge of groundv·..-ater aquifers, reclamation of 

\·vaste·Nater for use 1n 1rngat10n. and desalinization. The development and 

8'·/aluation of alternati\,.e courses of action now, using proven integrated 

planning technologies, could be instrumental in enabling policy makers to 

,jeal \ ...nth the situat10n 1n a r-nore comprehensive and effective way than has 

been the case in the past. 

Reasnnahle deficit proJections are displayed in Table ~· Tt1ese 

i :(·~ ;;•-;.:.:.- .:.,r- .., c. .--:,· ~ ~''i='-i~·.:· th.~.~· : :-·.~.:z ·:=sl _~th,-;r-.:: ;·,::! ·i ; .:.l · ;:... -,··....l #·:.:;:;- .::!<~~.,._,t-:~t · i•.:p ni thp- . 

actual situation, after reviewing the various available demand and supply 

projections, and considering the economic feasibility of various supply 

augmentation projects . n·,ey are based on an M& I demand of 190 1pd, and an 

irrigation demand of 1000 Cl1 per 1dear per 0 1 t1a. assuming a constant 

population gro·Nth of 3.8::g per annum for the pen od. 

Table 8. ProJections for the water deficit ( 1990-2005) 

1990 1995 2000 2005 

'w'ater demand 740 890 1045 1200 

''!'later supply 730 862 862 862 

Net annual deficit 10 28 183 338 
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2.5.6 Environmental Considerations 

For Jordon. environmental pr-oblems are a ,jirect externelitld of the 

supply-demand i rnba1ances. Because of the genera ll'd Iow fl ovvs. :3urface 

streams 11ove relEltivelrd lov·t a:3sirnilot.i\,.e capocities. Treotment levels of 

'Neste\•vater i ::: ine,jequate 1n \-'18'N of U1e low a:3:::irnilt~tive ct~pe~clties of 

recei '·.li nq water t1odi es . .jrnj u·,eref or·e. ,joy.m:3treern uses are adversely 

Mfected. In u·,e case of ~~rournjv·ted.er. O'·ierpun)ping (rninint~) to meet ~~rowing 

demand is degrading t.t·re qual i t1d of tJ,e remaining 'Nater in the basin. 

Although .Jurden is 'Nell awere of U1e importance of environmental 

protection and t1as undertaken siqnificent rneesures to face the problems 

feci ng its water supp I i es. rnuct1 remains to be done. 
0 0 ....J ~ 

t ; I o-, , • : .: '- I t : ,. , 1 ; ;. : ~ .:; · • ·,· ...· • ' ·. .. ! , ; r 1 : j _1 , 
0 0 

~ • •• .. • • •• •... • • : : ; • • •,. • . ' .i .. . . 
..,.., 

• • • I \ , a , , , ' • - 1 .. ~- .; .... 1- .- .. 

constituents of water in Jordon ore the WAJ, the l'linistry of Health, the 

Royal Scientific Society (RSS), and the Water Research and Study Center. 

The RSS is e non-profit research institution established in 1970 to provide 

scientific and technical ass1stonce to both the privflte and the public sector 

for ,jevelopment proJects 1n .Jorden. Tile \.Vater Research and Study Center 

·was founded in 1963 ;jt_ u-re University of .Jordan \'tiUl U1e aim of 

contributing to the Nat i one 1 effort in tile fie J,j of ,jeve1oping water 

resources, and water conserv~tion to protect t~gainst environmental 

impacts. Together, these institutions set the standards for wflstev•tater, 

drinking woter and irrigation water in accordance with \<1/orld Heolth 

Orgamzation specifications an,j US Environmental Prot.ectlon A1~ency 

standards. 

http:Env1ronment.al
http:quolit.td
http:rourpjv�tat.er
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Quolitg of Surtoce Woter Resources 

The main rivers in Jordan are the Jordan, Varmouk and the Zarqa. The 

waters of the Jordan River are high1y saline for a number of reasons 

(Ahmad, 1 989). It receives the return flows from irrigated fields on both 

sides of its banks. and nov·l directly receives t~te flow of the saline springs 

that were diverted into the Jordan River by Israel. The diversion of these 

spnngs 'Nas undertaken umlaterally by Israel in order to consen,.e the 

qualit~ of Lake Tiberias, \·V~lich provides a substantial portion of Israeli 

water. T~Js practice has made the Jordan River unsuitable for use in its 

present condition. 

The 'y'armouk River 1Naters are of good quality at the present time. 

The Zarqa River, on the other hand, is an environmental disaster.. r :-:-ceivinfl 
. ' .. ~ - 

the flow of this river consists almost entirely of sewage effluent. The 

Zarqa flows to the King Tala! Reservoir, 'tthere a number of studies by RSS 

have concluded that the water in the reservoir is acceptable only for "salt 

tolerant cropsw, v·tith total dissolved solids· at the outflow point averaging 

391 mg/L (RSS study, 1989a) The study also concluded that because of the 

high concentration of sodlUrn ( 133 mg/L), sprinklers should not be used 

since this will ultimately damage the plant leaves. Similar studies for 

Wadi El-Arab Dam reservoir revealed a TDS level of 509 mg/L and sodium 

levels of 101 rng/L at the outlets, with higher concentrations at the 

reservoir inlet. The same conclusions were reached , i.e., to use the water 

for irrigation of salt tolerant crops only, otherwise crop production may 

fall for non-tolerant crops \RSS, 1989b). 
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Quolitg oi Groundwoter Resources 

In the case of groundwater, \.Yhich prov1des about 90% of municipal 

supplies, water quality is even more important. A detailed study of 

groundwater pollution can be found in Salameh ( 1989). That report 

indicated tt1at the hvo rnai n sources of ·~round'·Nater contarni nation are 

water mining practices and seepage of vvastes. 

Contamination due to ~..vater rnining r·efers to tt·1e general propensity of 

saline water to 1ntrude into the higher levels of aquifers following 

extraction rates which are greater than the natural recharge of the aquifer. 

The first 8)<peri ence 'h'i th sa 1t\-vater intrusion in a groundwater basin 

occured in the Jafer region . In the 1960s and early 1970s, sa I i nity 1eve Is 

e~c~latc . ~ due tn overextraction of watPr To this dau. salinit4 .levels are 
... . . . ' . : - - · ~--

,. • • :. • , , , • .._ , , _ .• 1. ..- __ ! • . - ,. , .,; . ~ · ', • _· . I ,.,.. • · - - ;, 1.., . ' . A •• , ,o ,.. _ '- . • ' ~ •· ~ 

.1\Jo.. IUro CIII.JY~Il · Lv 1 C:IIUt:l ~a:!:;, ~u.;.,lil l..Unt; :· ; ~.._ci~.U~UUit:. llo l.oiC: nuiJI LlllUot;.ll 

well fields, mainly used for irrigation, salinity levels grew to such high 

levels that some investors and farmers were willing to sell to recoup some 

of their losses. In the Azraq basin, water is used for both irrigation in that 

i'lrea and for domestic supplies in lrbid and Amman. In that basin , 'Nater 

\·Vi thdrcr·Na Is began to e:·~ceed sate yi eIds 1n 1982, and present 1y V·iater 

levels have been lowered by 3-5 meters . Subsequent measurements of 

salinity revealed an increase from 500 mg/L to 700 mg/L in this basin. In 

the nonrenewable fields of the Disi aquifer, water levels have dropped by as 

much as 8m since the early 1980s. 

Contamint~t~on of ground·water basins due to seepage of 'Nastes has 

occured in the Amman area, where 'Nater quality is increasingly affected to 

the point that, in the near future, groundwater supplies in this area may not 

be adequate for human consumption. The rna1n reason for this is tr1e seepage 

from septic tanks in some parts of the city and the consequences of 

http:LlllUot;.ll
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industrial activities. In Aqaba, \·vaste··Nater near tt·te coast is "filtered 

naturally" into .the sands of tt1e area. Trte general direction of movement 

within the aquifer is towards the coastline, implying that v·tastes could 

eventually reach the beaches. In the Nortt1, anott1er wastewater plant 

operates under the so called natural stabilization r-nethod , and this has 

caused wastes to seep into ground\·vater systems that are connected to 

springs reaching trte Varmouk. 

Future protection of groundv·iater basins is a matter of paramount 

importance... . The fo11 owing mit iat ives are considered to be high priorities 

by national policy makers: prevention of mining in groundwater basins ; 

,jevelopment of the wastevvater infrastructure for a large part of the 

onoulRtin, sr•.: imorr\.'PmPnt of the operAtlrns nf wastew>"~ter , treatr~ent 

''"'f ' ,, ': .• ""'fCOaQ,• ..'l'o··l T-on'r1g •1,.; o. • '- • ( , ; ·,· ; . , 0;,.. .. ,,u·' •· I y IU t I t ·t-·· 1...1 w w ; I a1 4.. l .. .J I t-' v- •... -I •.-. _._,. U' 11 

fertilizer use in most areas; development of a sound industrial licensing 

policy and related laws and guidelines for the protection of the environment. 
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Chopter 3 

Nat1ona1 Water Resources Management Pollc1es 

uclllu11u ar11.J ~upp1y unaer condltluhs of limited resources and an increasing 

population, over the next 20-30 years . His Majesty King Hussein has said, 

"the balance between resources and population is the the main determinant 

for all facets of econormc and social development. A continuing imbalance 

1n this resource/populat10n equation (namely in u·1e case of ..Nater 

resources ), constitutes Uie rncnn limitation to achJe•.nng desired 

development levels. And it also slows the attainment of these desired 

levels." (A translated e:-<cerpt from t1"1e address made at a graduating 

ceremony for the Universlty of Science and Technology in lrbid, 1989). 

The main objectives 9f this chapter are to ( 1) discus§_ the current ·- "· .., 
,_ .. .,. L.'- ' .~ 7/,f:... · -:· '- · ·· '' r~ .... · , • ...;_~..:---1·1 ' -~ ..~ cr · , ,.., ,j - : ._. -~-:... ... t..:.... :.. - \,_ /"'?'::.- .; ; ... ;. ) 

ir-,~tit~:~tion€}1 ~rrangements and c:9onom1c policies of the Jordan goYernrftt?fl-t:-·, 
1- ·.·· .. · ,, ...:- _;_~.;_ ~ ~:.· · ·.._ . .. t•....._ ..:...~- - , , ·t! .. , I 

within thQ \rVatQr gsGtor:, (~) til:.;Gn~-t.hB--IIv-<il~---+-~~~&-;:.~~f+++;,r-<3-· 
:t __ l _, jl.f.l~' ~l - ,-:;.· V~I- i -~ L ~ ... '-" • .__ . --~~.~ ftl....C_ ,__..--f..;"' .....-<'1. lc:.~ · j 

present aR--f!rrerJ of possible ~oluUuns-. and (3) evaluate the current 

i nst itut ianal and poI icy situat 1on m terms of potential alleviations of 

future water shortages. 
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3.1 Institutional and Legislative Framework 

Over the years, the Jordan government has established lcr·.·vs and 

guidelines regEJrding ground\·vater e:,<tractions, allocations of V·iater for 

different uses. and effluent re-use . These have been reinforced as recently 

as October of 1987, '/·lith the reorganization and centralization of \·Vater 

sector institutional ar-rangernents in a move considered essential to ensure 

i ntegrated ··/·later r·esource r·nanagernent. n·1e ··i·iater sector now is contro 11 ed 

bid the f'linistry of '•N'ater i3nd lrngation, \·vhich consists of hvo major 

1jepartments-:-tt"!e \1·/ater Aut1"1onty of Jordan (\·\'AJ), and the Jordan Valley 

Authonty (JVA). Eact·l of these autl'wnties 1s r1eaded bw a board of 1jirectors 

reporting to the t1inister The \·1/ater Authority is solely responsible for 

· 1jemcinds. The ·JvA·,on·-tt1e other r1and, is responsible for the deveIopment and 

use of water resources in the Jordan Va 11 ey for the purpose of irrigated 

agriculture. JVA and \1·/AJ are organized as illustrated in Figure 20. 

Some level of knov·tledge of the hjstorical background to the 

establishment of tt1e t·1'w'l is Important to an understanding of the current 

organizational arrangements controlling the V·iater sector 1n Jordan. The 

organizationaI deve Iopment of the water sector can be out1 i ned ...-vithin 

three maJor time periods: pre-1984; 1984-1 987; and 1987-present tir·ne . In 

the first time period (pre-1 984), the v\'·ater sector V·ias managed by a number 

of independent organi zat iuns including the Natura I Resources Authority 

(NRA), the \n/ater Supply Corporation, tr1e Arnrnan '•N'ater and Sevverage 

Authority, tt1e Jordan 1./alley Authority, and local municipalities. The 

prob1ems associ ated with trli s arrangement 'Here pri mari 1y the i nabi I ity to 

implement comprehensive development plans, and duplication of effort to a 

large extent. 
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Ministry of UJa1e r and 1rri ga1ion 
Organization and Breakdown of .!.ctivities 

\.1/ater A.uthorit~· of Jordan 

Administration of Water F:esource::; 

Plannmg, Development and lnfon·natJon 

Administration of Projects 

Operation, Maintenance and Inspection 

Financial and Admintztrative Affairs 

Jordan Va Ilev. Authority
. 

Operations. ~...taintenance and ~~..lechanics 

Land Adrninistration and Rural Development 

Soil and land Reclamation and Drainage 

Darns, Watersheds and lrrigation ProJects 

Administration and Finance 

F:esponsJble for water related 

activities rn all areas of the-

Kingdom, except in the Jordan 

Valley. Responsibilities include 

planning, allocation and 

distribution of vvater to M&J and 

P.esponsrble for plannrng 

and developrnent of surface 

v...ater resources in the Valley 

area, and for allocation 

of vvater for irrigation. 

Figure 20. Institutional Organization of the water Sector 
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Beginning in 1984, u-,e ·.,A;EJter :;ector ··Nas reorganized under the 

direction of two independent ministerial le·v'el authorities, u-,e J\l A and n,e 

'•N'AJ. Although this nev·l arrangement V·ias an improvement over H1e previous 

one , the division bet'·Neen U1e J'·/A and the V·/AJ caused some major 

difficulties. For e:=< ample, u-,e c: cnfl i ct s in t.he ··i·iater uses of the different 

subsectors ·vvere not addressed adequately , and u-,e irnpracticality of 

emp l oying cornprehensi'·/8 polic le :; .,...,..iH11 n U"lis arrangernent pt-o\,.ed tn be an 

ob:;t;=Jcle for development ()"1\··11 , 1990). As a result , the t\·Vo authorities 

..,...,.. ere placed under tr1e central control of tr1e f'1Vo/l , created in 1987 

It is v·torthwhile to co ns1der the •'Jdvantages and disadvantages of 

centra I i zed contra1 of u-,e \·Vater sector in Jordan. !Jne report (U .N., 1989) 

l dentlfied two approaches that deve 1:;inq c,-,,mtn, . ~.-. .. o--:~ -- ~-:·~ .· ;. · .. 
' . 

'3overnments set guidelines and laws, \·Vhich Bre enforced as part of their 

l egal systems to guard and promote the public good. Under this approach, 

the responsibility for ensuring that ··Nater is allocated and used in an 

efficient and equi tab Ie manner is considered a task of the government. In 

the second approach , contro 1 1s e:·:erted by prov1 ding the capital and human 

r-esources necessary to plan and implement 'Hater development proJects . 

Generally, these investments are so large that tr1ey can only be prO\,.ided by 

the government. 

Both of these factors are reflected in the Jordanian water sector. 

\ ·
1/ith a relatively small population to serve , scarcity of water resources to 

dra··N from, and significant econormc difficulties to address , the government 

undertakes the pIanni ng, deve 1oprnent. an,j rna1 ntenance of a11 ·water reI ated 

activities through its implementing agenc1es. Using its O\>Vn financial 

resources and assisted by internat10nal lending organizations, it sets water 

http:pt-o\,.ed
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use and development priorities and decides on the best allocation of \·Vater 

for competing uses. 1Jnfortunatel1~, tJ1e bureaucracies involved \·Vith this 

central control system causes changes to be irnplemented very slowly, 

'h'hich is a maJor disadvanta9e for a vvater poor country. Ho·wever, such 

1jisadvantages are out"·Ne1qt·1ed o~ u·1e benefits derived from central control. 

Tr·1e most prominent ad'..'antar;e CIT central control is tt1e fact that integrated 

approact1es \1·ihlch promote effic1ency and equity can be irnplernented 

relatively easily in a countnd like Jordan. since in most instances, the 

·;cales of development and management are workable. In addition, .the need 

to integrate the water resources sector with other sectors and functions of 

~~overnment can be addres:;sed efT ectJVe 1y ''A1 i th the current organization a 1 

wide spectrum of high level otficials from the r-"1inistries of Planning; 

Agriculture; r1unicipal. Rural and Environmental Affairs; Health; Industry 

and Trade; Natural Resources Authority; and the General Manager of the 

Budget Department. Both of tt1ese boards are chaired by the r-1inister of 

\!·later and Irri gation_ 

The body of leg1slat10n 1n Jordan aft'ectlng the water sector provides 

a coherent legal base for the improvements in n1e future_ Tr1e t\¥0 main 

laws governing the sector are Law No. 16 of 1968 (\·1/AJ), and Law No. 19 of 

1988 (JVA). Both of these lavvs contain numerous articles and are quite 

lengthy. The main features of each of these laws are highlighted from the 

English translations 1n Ahmad ( 1989) belm·v 

The la\·vs delineate tJ1e r·esponslbilities and duties of the two boards 

and requl ate their fi nanc1 a1 a ifaw; 1n accordance with accepted government 

practices. In doing so, de·.,..elopment plans and policies are required to be 

presented to t~te Councll of r-1inisters on an annual basis for approval. The 
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laws also outline u·1e penalties for committing unlawful acts, such as 

po 11 uti ng water sources, or drilling ··i·ie 11 s ......,..i tt1out a 1i cense. Other re 1ated 

laws include U1e Organization of Natural Resources Affairs Lav·t No. 12 

of 1968, and Agricultural La··,..v· No. 20 of 1973. These laws combined deal 

\·Vith the 1ssue of \·Vater ngtits . The underlying premise is U1at ··."later is a 

pub 1i c good a11 ocated by the go ·.... ernrnent for H1e equitab1e dve1opment of the 

..,..arious regions 1n u·1e country In tt·tat sense, tt'te drilling of \·vells rnay be 

licensed for irrigation of pnvate lands greater than 50 dunums in area. A 

good e:<ample of licensed ground··,·vater development for irrigation is the 

\v'adi Dhul ei 1 area near Zarqa . For 1ndustri a1 purposes, the t1i ni stry i sssues 

1i censes to companies to use groundwater we 11 s under specific conditions. 

this year. 

At the present time, the M'A'I is carrying out a project to better 

manage the water sector. and to assist decision makers in formulating 

water policies and related guidelines. The project is jointly sponsored by 

the United Nations Development Program (IJNDP), the Arab Fund for 

Economic and Social Development, and tr1e Jordan Government. 

3.2 Economic and Financial Pohc1es 

The "economic" structure of the ··Nater sector includes important 

mechamsms that allow dec1s1onmakers to formulate, analyze and compare 

alternative development plaris This section discusses water pricing and 

cost recovery, and introduces the role of future e:<ternal assistance. 
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Woter Pricing 
.. 

Presently, water prices to consumers in Jordan follow a progress1ve 

block rate system. As consumption e:x:ceeds certain block limits, tt"Ie price 

of a,jditional units increases. The old system of ··Nater tariffs included 

progressive lid t·Ji gr1er pn ces i or t·Ji gt1er consurnpt ion, but 1Ni th Iess 

delineation in block limits. The ne··N SldStern. adopted in 1990. added more 

blocks, \Vith the result that re•.,..enues increased from 16 rn1llion JD to 25 

rmllion JO (Vv'AJ fi1;~ures for 1990). Table 9 presents tr1e new block 

structure and the progress1·_.·e rates by reg10n for domestic uses. For 

agncultural use , the rate is 1}0065 JD/cubic meter. 

Quantity of water, CM Amman Outside Amman .Jordan Valley 
per quarter 

Up to 20 0.100 0.065 0.065 
21-40 0.190 0.090 0.065 
41...,70 0400 0.300 0 115 
71-100 0 500 0.500 0.250 

>100 0.600 0.600 0.400 

The rationale behind this new pricing system, according to the M\h/1, is 

that higher prices can encourage conservation by large users, vvhile at the 

same time increasing revenue _. but a·o,~oidinq adverse 1rnpacts on the maJority 

o_f the population . For e>:arnple . records sho·w that 12::g of res1dential use is 

over 70 Ct1 per quarter. Therefore, the water pn ces for trli s subsector \.Yere 

increased to promote conservation on the part of these high-use consumers 
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and to increase revenue for tr1e water sector, v·nthout increasing prices paid 

by more conservative users . 

Cost RecoYery 

The f''l\··ll t·1as recently requn-ed U1at am~ nev·t investment plan for tr1e 

'Nater sector must address u·1e follov·ling criteria as part of O'·..'erall 

econormc feasibility anlalyses: 

I . oper.at i ng co:; t s 

2. t"1aintenEince co:;t:; 

3. Capital co :;t r-ecovend 

4 Benet"; ts front new :-·-oJect 

C:: t ·--1 ,-, ,'1"'\ .;.-, .· ~ ~:.•"(" ·"' ,-, r· --~.-1 .::, ,, ;~ ·.. t .:- j,-,, ,u : •:: :·· ' .- :.·. r·~ ·. ;-.:·;- . --· .. - -- - ..... _ - · - -· --·. ·-

Detailed cost-benefit analyses are now required for all new proJects, 

based upon the above framework . Although benchmark figures for cost 

recovery have not been explicitly specified as a cutoff point below which 

projects wlll not be imp Iernented, the f o11 ovvi ng cost i nformation provi des a 

contextual background in vvhich such determinations are made. The average 

cost of a cubic meter of water for i rri gat ion (amortized capita1 cost 

recovery +operation + maintenance) is 0.20 JD per year for a typical 50 year 

lifetime project at a zero interest rate. At an interest rate of 5:~, this 

figure is 0.41 JD/CM (Backhit and Salameh, 1989). These types of costs are 

used for evaluations of proposed projects on a cost comparison basis . 

Comparing these figures with the average price of irrigation water in 

the jordan Va 11 ey of 0.0065 JD/CM, it can be observed that the government 

is heavily subsidizing irrigation in that area. On average, this subsidy 

reaches 75% of farmer's costs in the Jordan Valley (\·1/orld Bank, I 990). In 



the t·fighlands 1 hovvever1 fi3rmer-s t·,ave to pay ell of their operating and 

investment costs 1 raising the issue of equit~d -

The economic value of water on the other hand is a much more 

1jifficult matter to estimate . In 1990 , the 'N'orld Bank presented the results 

of a detailed study on tr1e long run marginal cost of irrigation water. The 

study concluded that "cte•-.ielopmg additional ··i·iater supplies (AI-\·1let·,dah Dam) 

rema1ns an economica II y effi c1 ent i n'·.lestrnent." 

Externol Assistonce 

As is true 1Nith most 1jeve Ioping countries Jordan cannot mere I y 1 

1jepend on its O\¥n revenues for deveIopment of water supp I i es ; e;<terna 1 

has been magnified by U1e et"fects of the U.N. sponsored Iraqi embargo and 

the ensuing host i 1it i es. \'lith the current state of the Jordanian economy, 

future financial investments from internal sources in the \'\1 ater sector are 

'v'ery unllkely. U.N. agencies, the European Community and others are being 

approached for financial assistance . By tt1e end of 1990 , Jordan had 

r-eceived comm1tmsnts of U.S.$ 349 million 1n bilateral grants EJnd loans 

from ten different countries . The substantial losses of U.S.$ 1.54 billion for 

1990 are still to be recouped , however, because of the misunderstandings 

associated with Jordan's neutrality in the Gulf ··:var. Hov·tever, many 

financiers are still keen on pr-oviding Jordan 1Nith soft and commercial loans 

for the water sector, because tr1~y kno ·vV the importance of 'Hater to the 

development process, and are a\·vare of tr1e future shortage in water supply 

in the years ahead. 
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3_3 Review of Current Planning Policies 

The process of planning im·'Ol'·ies stUrjlding historic trends, forecasting 

probab1e e·.,..ents. and prepari n'~ for the future to meet targeted objectives. 

In .Jonjan. the p1onni ng proces ::. t·,;j ::: e'·/O J·..:ed un1jer nurnerous con:::troi nt:3 ~:uch 

as regional political 1ji:3pute:::. limited natural resources a~d financial 

:3qeezes. Naturallld, U1ese con :::t.raint.::; restrict the ct1oices that can be rna,je 

by po1icy makers. NotwltJ1:3tandi ng the above, comprehensive p1ans have 

been 1rnplemented over tt1e 'dear:3 'Nith tanqible benefits in terms of social 

:3nd economic de'·ie1opment 

At the nt~t iona1 18'·/e1. pl anm ng is rnai nl y undertaken emd imp1emented 

bu the :-ouncil of r·1ini~ter~ .. 'Nho present !.heir ~lans and .. budgetary 

+L-.. \:- .-.--;, ................. 
..... _ -..J'Jtt"''-'-' j -· 

review and approval. As such , popular participation in the decision m~Jking 

process is guaranteed, a1beit not in the imp1ementati on stages. At the 

sectorial_. or Ministerial level , plans are formulated based on trends and tt1e 

extent to which pre·.,..; ous object i ··.1es have been iJChi eved in each sector. 

Thus, new or modified pr-o,~rams are developed for each planninq CldCle (3-5 

years) to satisfy speclfied obJectives. The finsl ,jecisions are made by high 

level officials based upon Judgment and experience. 

A recent comprehen:3i '..."e p1an for tt1e 'Nater sector 'rtas deve1ope,j for 

the 1986-1990 period. The stated objectives at that time were to .. (1) 

provi,je domestic and indust.nal water to iJll population clusters and 

establish wastewater networks for at least 65% of the populstion bq the 

year 2000, and (2) to i ncresse i rn gab1e 1ands to the maxi mum extent which 

avollable w~Jter resources permit" The proJected investment for the five 

year period amounted to 280 rni 11 ion .JD. 56% of which was expected from 
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, 

foreign loans. The plan identified a target water supply figure of 705 11Ct1 

in 1990, beginning from a supply figure in 1935 of 520 Met1. In fact, a total 

of 730 MCM of '·Nater V·las uti 1ized in that year (i ncludi'ng significant 

l]round'·Neter mining) to sat i sf~ demand. But si nee demand was est i rna ted at 

850 tv1U1, a shortage ··Nas f e 1t 1n a 11 subsectors 

Tt·Ie rnost recent ·... .., .. ater- polic'd t·,as :;tated that u·1e follo··~·vlng 

regulations will be immed1atel~ adopted: 

( 1) \d_ater suppl~ cuts in the municipal and irri1]ation suosectors. As 

t'·lunasinghe (1990) mentions . rotat10nal cuts such as this can only be applie1j 

as a pt1ysi ca I contro I in the ::.~wrt nm. 1n Uie 1ong run. cuts may be 

de t ri rn en t I'll to o u b 1 i c ti 8 111 t h .=. ni1 1 1 ~1 i1IJ ct i I I it ' : 

yeor, until further evaluation and monitoring is completed. 

(3) Stringent monitonng of private sector groundwater extractions. 

Accardi ng to the r·1w I, the new po 1icy is geared towards a chi evi ng 

national objectives and clear pnorities . Tt1e highlights of the strategy 

presented by u·1e l"linister of \'·later C~nd lrngation to the Parliament on 

December 16, I 990 are surnrnari zed be 1O\"i . 

ffllin FetJtures ol the Jtloter Strotegy (1990-2005): 

( 1) Increasing efficienc1d of 'Nater use through better management. 

(2) Construction of u·1e Al-\"lehdah Darn. 

(3) Construction of oU1er mam darns. 

(4) Exploitation of new ']roun,jwater aquifers . 

(5) Desallnizotion of sea'Nater and brackish Wflter. 

(6) Reuse of treated wastewater in irriqation. 
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(7) Construction of '·Nater r-etention basins in the desert. 

(8) Enhani::.ement of environmental a··rtareness and impact studies. 

(9) Utilization of non-conventional sources of vv·ater. 

( 10) Price and subsidy modifications. 

( 11) Allocation of \·Vater to the municipal subsector as a priority. 

~3temrning from the current polic~ r-eviev·t as \"tell as from kno'Nle1jge 

of U1e predeeding sections. ,j characterization of the governmental 

polic,dmaking process 1n tt1e water :3ector is presented (see Table 10). This 

presentation (format a,japted frorn Ascher and Healy, 1990) depicts the 

i nherent weaknesses and strengths in ttle conventionfll planning process. 

~ " t • • - , • ., , I . · - - •- . 

I • • : ~~· o • i ' w • '- ~i:; ~.-:·.t.'•,,. ' -· · - ~ .';; • .- ., ~~. ;, ~ ; ·. ::.. •:. o:· ..J 1 
. • • \. ,n _. , -... ~ -·o 

Characteristics of recent 'Nater Generally accepted issues well*/not 
policy making in .Jordan well~ served by characteristics 

Long time horizon 

Lack of financing information 

Inc1usi on of envi ronmenta1 i rnpacts 

Centralization 

Setting objectives and prionties 

Fr-agmented pricing structure 

* Emphasis on long term benefits 
-~Realistic planning framework 

··· Fle::<ibility of funding sources 
-Consolidating a viable financing 

plan for investments and costs 

* Multi ob .i ect i ve , i ntegrflted 
framevv·ork 

- Participation of beneficiaries 
*Effective institutional framework 

* Prior art i cui at ion of targets 
-~Analytical comprehensiveness 

- Equity considerations 

Sot;rces· Ascher and Hea I y ( 1990) I ~1Vo/ I ( 1991) I Munasi nghe ( 1990). 
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How can this policy be improved upon? First, tr1e conventional 
.. 

planning process could be ent1anced by use of an integrated framevv·or~: of 

national objectives and strategies . For a country like Jordan, v·.:ell endo'tied 

'Nith research results and data, this i:; certainly feasible . r·1any 

internat.lonal e~<perts in tJ1e field of ''i·iater re:;ources t·la'Je addres :;e,j the 

need for integr-ated approaches. r··1unas1nqt·1e ( 1990). for e:::arnple, calls for 

.jn integrate,j approact1 tr1at links the totality of sectors 1Nithin tr1e economy 

in order to produce the greatest beneficial impact and effectiveness . 

t'1unasingt1e also identifies 1nfluential broad areas of concern to assist in 

the development of national obJectives , a process t·1e calls "a useful starting 

point for developing a national 1Nater supply strategy." Loucks and Somlyody 

resources planning in developing countries . In a recent report , (U.N ., 1 989), 

systems analysis (including the field of multiobjective optimization) 'Has 

advocated as a too I for \Vater resources deve1 opment and pI anni ng in 

,jeveloping countries . The methods of systems analysis, in various forms, 

ha·.,..e been used in the U.S. and other countries for the past 20 years. 

Second , tt1rough u·,e use of computer r1ardv·.:are and soft·...vare currently 

available at the r-1\¥1 , a decis10n support system (DSS) can be formulated to 

assist decision makers in viewing the broad consequences of u·1eir 

decisions . Future plans V·lould thus be more responsive to national 

objectives, and would enhance the possibilities of attainment of those 

objectives. 



3.4 Political Realities 

In resolvinq international w~ter ri,~tits issues of imme,jiate concern to 

Jordan. the most pressing issue involves the 'larmouk River water 

~11ocction :3 . The '/ ~rrnouk Pi'.... er. t. he rn ~in t.r·ibutijn:l of the ._!onjan River 

System. i:;; shared by .Jordan and St:tri a. The two countries ratified a p 1 an in 

1987 concerning con:3truction of u·,e \"/eh,j~li Darn an,j alloc~tion of :3tore1j 

\•voter in its reservoir. Actu~ I u:::e of the Varmouk by Jordan hod decreased 

from 130 11CM in the e ;~rl'd 1980s to 1 ess U1an 1 1 0-125 ~-1Ct1 in 1990 

(Salameh. 1990a). 

Another maJor international i :3:3ue related to conflicts in the region 

concerns the inAbilitu ~ f Jordijn to dre1jqe the openma of the l<ing Abdul!~~ 
. . - .~ 

0• • · " ·• : '.! -.. .0' • ~ • .' f . ~ ,' ..., ..... - .,. ...... , . ,. · -.. I ' . • • ., • , .. , •"\ : . - J. - ). '· : • - ' ; .~ ..- - ,., t , 1 • ···; f • ~ ...... - y , •"lo,... 
~ .... tYI \ l• ·..ttt• Yl.U t1U iao..J , 1 1 ,_....., ___ 1...,' V'"'1'J.' l ll t.J..j~t.,. • •· '-;· ~ j !_ •.. ~. -.. IUit . •:.,.._ , , . ~, , , ,.... · _,11 

been partially filled with sediment. Israel has thus far made it difficult to 

perform much needed maintenance at the mouth of the Canal, 'Nith the result 

that \"tater is flowing at low rates. In addition , the flow in the extension 

recently completed to irngate the :3outhern part of the .Jordan ~./alley area 

from the KAC is at a trickle Tl·te effects are devastating to that area of 

potential high agricultural productivity. 

Over the years, numerous newspaper and magazine art i c 1 es l1ave 

attempted to portray tt1e :3e'...'eri t.y and consequences of the avera 11 t"1i ddl e 

East water crisis (see , for example, Cowell , 1989; t1offet, 1990; 1'1urphy, 

1990; Anderson. 1991 ; ~1athews , 1991 ). As i:3 often the case with 

publications directed to the general public. the political issues surrounding 

the main themes are U1e rnost popular. In the ~1iddle East, political 

considerations ore extreme!~ 1mport.ant in deriving solutions to the water 

problems of the region. The Arab-Israeli conflict lias impacts on the 

I C' ,,._ • 
._IQ • 
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;jJlocation of water from the Jordan River and its tnbutaries. Iraqi-Turkish 

relations are 1mpacted every tirne tt·te flo··Ns of the Tigris and Euphrates are 

adJusted by Turkey to meet its own demands. In addition. the current 'l1iddle 

East Crisis," and the ensuing t1ost i 1it i es, may t"tave maJor impacts st i 11 to be 

fully realized. \"ie v·rill not e:-::pand on the political V·irltings in trtis field. 

\'-ie do, t·,o~:-vever, agree that allevJ;:JtJon of tens10ns could contribute 

enormously to the atta1nment of equitable, least cost solutions. 
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Chopter 4 

Future Water Po11cy Scenarios 

The objectives of Uiis chapter are to establisr1 future scenarios in the 

water sector, and e·v·a1uate tr1e1 r impacts (or responses) on a number of 

relevant issues. This can be achieved, in an ideal situation, by adhenng to 

the follo\-ving requirements : 

( 1) Scenenos ,je:3cnbe t.he 'Nat.er r-esource:3 ::;ector un,jer \1anous 

;:Jssumpt ions. These assurnpt 1 ons must t1e t1ased upon a comprehensive 

knowledge of the water situatlon 1n .Jonjun. 

(2) The objectives an,j 1ntermed1ate targets ::;tlouJ,j t'e feasible. given 

the current state of the Jn::;tJtutJOnal. technical and financial arrflngements 

in Jordan. 

(3) Evaluation of impacts stiouhj cover a broad spectrum of issues. or 

multiple criteria. 

The next section def1 nes the scenarios and summarizes their impacts 

in a less than ideal environment. 1t must be remembt:!red that Jordan is 
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undergoing critical financial pressures. The Prime r·1inister recently stated 

that Jordan requires U.S.$ 8 billion to recoup its losses tram the effects of 

the Middle East Crisis and ensuing 'Nar. This serves to place greater 

uncertainty in projected scenarios· and their impacts , and places an e\.. en 

t1i gher 1eve I of uncertainty on Uie time trarnes r·or these scenarios. 

NevertheIess , H1ese scenan os are ,_,.a Iuab Ie in quaI i tat i '·.-'e !4 e ~< arni ni ng the 

broad ramifications of policy decisions. 

4.1 Future Po1icy Scenarios 

Four alterneltive scenarios are formulated. screened and finally 

r. orr.no:~rerl nn .:~ he11ri-:-~~::- h>h, ,c: Thr.- fi.--:-t sf'on~rio in•.,nlo.Ji=l" thp status OU"' 
- ... 

·N tt.n rtu oevB i uJ.)mcnr. pro _i eel::>. ' tte ::;e..:;ona r ocuses on prov1 dirlg Llt8 

irrigotion subsector with e!ll of its water requirements. The third scenario 

involves providing an allocation preference to the rnunicipal and Industrial 

subsectors. The fourth :3cenario involves the use of 'Nater 'Nith increased 
. 

efficiency and water conservation policies and pricing :3tructures. This last 

:; cenan o wi 11 be studied 1n rnore detai 1 U"tart t.t'te others . ;:md ··N lll t'e 

presentetj 'Ni th a quant it.ai ve foundation . In adtjit ion. envi ronmenta1 

concerns wi 11 be considered within tlie scenarios. 

Scenorio No. 1: The Stotus Quo 

For our purposes. Hte sttJtus quo refers to the continuation of present 

trends without any new tjevelopment. This irnplies that the allocations of 

1Nater will continue to Uie various subsectors through an enormously 

inefficient network, at an average of 132% of annuol sofe yields. 1r/ater 

qualittJ deterioration will result, causing some aquifers to be damoged, 
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consequently decreasing supply in the face of gro\Ning demand. Tr1e likely 

outcome of this scenario is a maJor \·Vater crisis in the ne:,:t fe··l·t years, ··Nith 

production levels falling and het~lth standards gravely affected. 

Scenorio No.2· Jrrigotion Woter Use Priority 

To all ocate V·later to the i rn qat ion subsector as a matter of pri on ty 

does not r-equire rna Jor ctKmges 1 n poI icy on bet1a1f of U'1e government. r·1ost 

surface \.Yater development proJects proposed by tt1e r·1V·II are irrigation 

oriented, primarily because of the lov·t quality of the waters. t1oreover, at 

least 10,000 ha can be further developed for agriculture in the Jordan 

\/alley, \·Vhich t·1as the bas1c i nfrastructure it requires . In addition, 

-
a1so expand. In the soutr1ern deserts , tt1e Di si aquifer 'Ni 11 so1e1y be used to 

;~rov·l :3ubsi di zed crops, and \·vi 11 1eave on1y sma 11 amounts of \Nater for 

Aqaba and surrounding towns. The net effect for agriculture, in this case, 

would be (1) more irrigated areas, (2) more production for internal as well 

as e:<terna1consumption in the early years, but production v·ti 11 taper off and 

most likely \Nil! decl1ne due to tr1e increased deterioration in \·Vater quality, 

(3) more income to farmers, and agriculture related services in the early 

years, and (4) more foreign workers in the agricultural field . 

The net effect on the industrial subsector is that expansion in 

production cannot take place, and current production will probably decline, 

negatively affecting tt1e o· ..~erall economy. The effects on tl"1e municipal 

subsector will consist of the harmful side effects of this policy in terms of 

health standards and the like. 

To reconcile the problems stemming from this irrigation priority 

preference, the government could undertake measures to protect water 
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resources from harmful return flows, and to prevent v·.:aterlogging. This 

v·tould require substantial amounts of "environmental use" vv·ater, i.e., ··Nater 

needed to dilute low quality return water. n·1is would cause an extra 

constraint on f·1c~l \·Vater use. And in order to pursue this policy 

successfully, new sources \·vould r1ave to be found to supply \Vater for 

rnuni ci pa I and industria 1 demand at cost, e.g., des a 1 i ni :ation at Aqaba, and 

other supply proJects to augrnent 1jemand in the summer months. 

The net effect of tJ1is scenario is that development proJects such as 

the Al-'.,.1/ehdah Darn \·vould be requ1red in order to expand the irrigated areas 

of the \/alley, ':Vhich ''i·iould produce employment and equity benefits as 

identified by World Bank ( 1 990). However, the costs of intensifying land 

Therefore, these tradeoffs must be considered before any major decisions 

are made. 

Scenorio No. 3: fl&l W'oter Use Priority 

In this case, agnculture 'Nould receive the residual \·Vater after 

municipal and industrial demand is satisfied. This 1s the recently stated 

policy of the government, ··..vhich seems to be well timed, since 1'1&1 demand 

is expected to rise by over 200% in the ne:~t decade, ·vvt1i 1 e i rri gati on demand 

is expected to increase a modest 20% (Salameh, 1969a). Thus, reallocation 

from agricultural water supplies to 1·18,1 would be forthcoming in any case. 

This vvould curtail agncultural development to a significant e~<tent, and 

'Nithout a program of effic1ency enhancements, and conservation programs, 

many farmers would lose tr1eir means of livelihood. 
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Scenorio No. 4.: lncretlsed Efficiency ond Jtlt1/er Conservotion 

In this paper, we t·,ave discussed the different \·vays in v·thich 

operating ineHiciencies have affected V·later supply. lneHiciencies in 

metering, maintenance programs. and other areas, contribute to 'Nater 

1asses m the system. 1f the government can keep u·,ese 1osses down to a 

rrli ni mum by i n·..~est i ng in the r·et·,abll i tat ion of supp1y nebvorks. potentia1 

'Nater savings could be as muct·, as 100 r-1CM per year. Comparing tl"lis 

"rehabilitation project" to other :;upply augmentation projects, in terms of 

costs and b-enefits. \·vould most likely lead to advantageous results in favor 

of this policy. 

Water conservation in tv18~ I and i rri gat ion subsectors is a concept 

applied in a direct vvay to the Irrigation subsector v·nthout loss of ·yield, the 

'Nho1e country waul d benefit t1oore ( 1991) states th13t, in genera1, the 

potential benefits of irrigation \·vater consen,.ation programs are economic 

efficiency, improving environmental quality, and (in the case of Jordan), 

:;upplying unsatisfied rnumc1pal and industrial demand. Conser-·...•ation would 

( 1) imply use of water at near optimum rates, (2) result in fewer pollutants 

being created by irrigation return flows , and (3) leave more water for other 

uses. 

Of the po1icy instruments rnenti oned by t1oore ( 199 1), the ones most 

applicable to Jordan are: quantity-based regulation, price-based regulation, 

and conservation subsidies A discussion of each policy instrument and 

potential achievements are novv· presented . 

Through quantity-based regulation, the ~1\¥1 would simply reduce 

water deliveries to the Valley (or other areas) by a certain amount. Of 

course, the reduction '·Nould be announced to all affected farmers, and this 
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~..vould cause them to reduce irrigated lands, invest in 'Nater saving 

technologies, or ct1ange cropping patterns. In the "ideal" long run, ttiis ··Nould 

rationalize water supply, irnprove emnronmental quality, and allow e:-<cess 

\·Vater to be used else 1Nt1er-e. The e:<tents of eact"1 of these favorable 

consequences could be deterrmne,j b~ us1ng economic models . 

Through price-based r-egulatlons, price increases could ~1ave 

substantially the same effect. Again, detailed economic studies hao..1e to be 

performed before the MV·/1 dec1des on a policy suct1 as this. 

Conservation subs1dy programs would involve the r·tl,l/1 subsidizing 

1Nater use reductions b~ f arrner-s, making "vvater avai 1ab 1 e for other uses and 

nnprov1ng environmental quality. As r·1oore ( 1991) mentions, these 

water conservation technologies, which may lead to expansion of irrigated 

lands without any decline in \·Vater use. Detailed studies for each 

agricultural area in Jordan should be undertaken to determine subsidy rstes. 

This is a promising ·vvay in V·thict"1 M'!VI could approach some of the problems 

in i rri gat ion. 

The resulting effects of a water efficienc~ and consen.. ation strategy 

on the "supply-demand balance"' \·vould be to delay the impending deficit by 

as much as I 0 years. The cost associated with such \.Yater saving endeavors 

needs to be fully studied by the r·1'•:1/l. For this scenario, Table 11 illustrates 

the potential savings in ··/·later due to the adoption of an efficiency

conservation po 1 icy over a number of years. The quanti t~ ot vvater saved 

through the conjunctive use of increased efficiency 1tVith \·Vater conservation 

could be substantial but 1nitial conservative estimates are as shown in 

Table II. This number \·vas calculated in the following way . 

http:t"1a'�.le


'66 . 

11'/ater supply figures previously tabulated ··/·.:ere for a per capita 

,jernand of 190 1 pd inc Iudi ng Io:;;ses of 25% of tota1. If 1asses could be 

decreased to 1o;~ in the M8J subsector, then a figure of 170 lpd could be 

used to estimate demand for r··J&I translating to a 10:;g reduction in overall 

r·-1&1 demand. In tt·te irrigatJOn subsector a conser\.rative sa·.nngs or· 50 t1Ct·1 

per year is assumed based on estirn;:~tes frorn the r··1\··ll Our estimates ··.:·.:ere 

thus based upon trte fo1Jo··N1ng snnplifying assurnptions: 

( 1) P_~pu I at ion grov·tt.h rernai ns steadtd at 3.8::t. 

(2) The amount of annua 1 sa'·:'i ngs m the i rri gat ion subsector is 

constant over U1e next 20 ~ears. 

the effort more dynamic and respons1ve to real world effects. 

Table 11 .. ProJections for the water deficit ( 1990-2005) 

in the efficiency-conserv.ation scenario 

1990 1995 2000 2005 

\.Vater demand* 740 751 890 1030 

11'/ater supply 730 862 862 862 

Net annual deficit 10** 0 28 168 

* Based on prev10us figures Jn Table B, \·Vater demand vYas reduced by 10% 
f8r M~{l considerations , and t'td 50 11Ct1 per 1dear for irrigation. 
**Net annual deficit for tJte period 1990-1995 Y·iould remain positive until 
the efficiency-conservation policy has a full effect. 

http:ency-conserv.at


----------

67 

The effects of some of the other scenarios are depicted in Figure 21. 

Tt1e average purnpage per capita is the area behveen the t\1·/0 dashed 1i nes. 

This is the desired level of supply by the government in an ideal situation, 

sufficient to maintain acceptable le'·.lels of public rtealth , t"tljQiene and 

sanitation. For tt"te fir-st scenario. '·Nith no development projects i n sight, 

·Nater supply v·nll probabl~ drop ofT' belO\·v a generally accepted absolute 

n1inirnurn. For u·,e r·18, 1 use pnority ~;cenario , per caplta supply \·vould t1ave to 

• increase then level ofT' over t i rne due to stabilization of population growth. 

The time dimension in the figure is used solely for illustrative purposes . 

¥ 
.. 

.A.verage pumpage M&.I pri Otity 
per capita 

-----------
- -~-::::_,::- - - 

.~.bsol1.1te minimum -----
---------:-----

FaJI in muntcipaJ supply 
then level oii due to inign . priorities 

"1990 1995 2000 2005 

Figure 21. 111 ustrat i ve sketch of rnuni ci pal ,jemand 1eve l s 



4.3 Comparison of Scenarios 

The scenarios above v·tere ,je•.,..eloped using informed JWjgrnents. All 

the scenarios involve complex ideas and issues, however. and their 

cornporison is not ~n east~ rnat.t.er Deci::::1on ai ,js :3uch as the one outline,j in 

the next ct1opter can t~ssist HI ranking and comparing alternatives. 

r··1oreover. the mode1 ,jescri be,j m U1e next ct1apter will t·ii3Ve a11 of the 

"options" ,jiscussed in the~;e scenarios as part of its internal data base. For 

now, IIO'Never, tt1e scenari o:3 ;:Jre compore,j on a pure 1 L! heuri sti c basis . 
-- · w 

To beq1n wlth. the status quo scenario, 'Nhere no funding is 

ava1loble to undertake the necessarld development and maintenance proJects. 

'Noultj have impacts on tJ1e countnd that are extremely (1.:d_rim'3ntol. The 

~ a.c;,e.Jr.. ,-:-- ~-.,..,.n! i i'!I O Ct 1nr.::·; .,- ...-'f'l -·~-+ ! 0.., :<' 4· · · . ~ . ~- ,.; • . . . ;) 

unanswered. How could the government justify periodically shutting off 

municipal \"tater supplies 111 tt1e summer, while subsidized irngotion water 

is flowing freely in the \/alley? Public forums may argue that the best 

quality irrigation water shoultj be ,jiverted to population centers where 1t is 

1jirel'd needett The M&l water use priority scenario is a pa1nful 

scenario for agriculture, but in the long run, 1"1&1 ··rtater use would be 

expected to level off to some extent, leavmg the irrigation subsector some 

residuals from development projects. Food production may fall, and the 

issue of food security for tJte nation may be on issue of discussion in later 

yeors. The increased efficiency scenario may prove to be of importi:Jnce 

if used in conJunction w1Ht a water conservation scenario. under 

conditions of international f1nanc1al support. If this financial support were 

adequate, development proJects such as Disi conveyor to Ammon. and the Al

.. . -· . ..- ~-

. 6~3 . 

http:rnat.t.er
http:a.c;,e.Jr
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\ 1-lehdah Dam, could be undertaken in conjunction \·vith new efficiency 

enhancement projects and 1Nater consen.·at ion programs. 

In sum. it would appear Htat lf the economic situation in Jordan· is 

boosted by i nternat ion a l support. trten the Mlfll can imp1ernent its proJects 

Di:lSed on a priorit1~ bas1s, ;:md concurrentltd ernploy the efficiency and 

conservat10n policy . if u-:e econorn1c outlook rerncnns qrim . ho\-vever. then 

r-eallocatlon of '·h·ater form 1rT1qat10n to t·'lt,l would be required sooner rather 

u·tan later. The effects of tr11s reallocation \·vould be to cause a downward 

trend in a 11 facets of econorn1 c and soc1 a1 deve1oprnent in the country. 
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Chopter 5 

Recommendat 1 ons 

The avera II ··,·veter sltusti on in Jordan has reached crit i ca I 

proportions. The current fi nanci a I squeeze is exacerbating the prob I em. If 

water supp I y and demend i mba I ances can be reconci I ed by using tt1e Iatest in 

p1anni ng tect-mo I ogi es , Jordan can better rea I i ze Its econom1 c and soci a I 

development potential througr1 sound rene·vVed im.. estments . But until tr1en, 

sound rnenagement of existing ·'h·ater resources remains tr1e only a•.,..enue f?r 
7 .{ c ( : .:... · 

the government. If and \·vhen investments cen take pI ace, tt1ey -w-H-1 be 

analysed in an atmosphere of optimality and efficiency through ;jn 

integrated multiobjective ,jec1s1on model vvhich could make significant 

contributions to planning and pol1cy formulation. 
-
' 

This chapter descnbes an approach by ':Vhich that \¥ould be 

accomplished. It begins by prov1ding an overview of the characteristics of 

the Jordanian 'Nater problems, followed by a discussion of proposed solution 

approaches. 
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5.1 Characterization of Water Resources Problems 

This section presents ;:J conceptual framework for the 

characterization of the water prob1ems in Jordan, ;'md t11ei r re1a ted soci o

econornic impacts. Clf cot.W3e. t.h1::; ,jiaqno:31:3 of tile o·.,..erall \"tater ::.ituation 

,joes not. in lt:::elf. ::.olve tJte protdems. but 1t ,joes :;erve to clarlf'J U1ern . 

Operational tools rnu~;t t'e Jn'·iOke,j to provJ,je fea~•ible and acceptable 

s1uti ons. Ho•rtever. t.he 11JentHi cation of the component:; of t11e prob1ems 

facing the--water :3ector clearlq 1:; a necessarq f1r:;t ::•tep to the ,jevelopment. . 

of integrated and comprehens 1\·'e so 1uti on:; to be ,jescn bed 1at.er. 

Table 12 ;,jentifie:3 the ma_1or physical manifestations of t11e water 

·- :-.·.,f'lllrr'o~ nrnh 1,::.m.., i... lr,.-ri:<'lr) ~nri r;t-,~.--ont co t l·u::~i r r'f\Y't<:':i"\'11 ton·~~"' q-:- '·· · -l 11 :'I·~ " 
~ -. -·-- - . -· . ,. . - . . ' . - -- .- .... . - . __. . . . - ' ... - ~- . . 

qut~iitalive statement of t!~eir assocJ,steu :eveis •Ji econormc drll..i social · 

significance. The format follows largely from Bower and Hufschmidt 

( 1984). An overall feature of this characterization is the inherent water 

supply-demand imbalemces. In simple terms, these imbalances. if not 
-

·:J1leviated. impl'd that Jordan can never re~lize it.s full potential for social 

•:lnd economic development 
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Tob1 e 12. Characterization of \···/ater Resources F'rob 1ems in Terms 

of Social and Economic Significance 

Phgsica1 Manifestation Co nseq ue nces Economic and Social Significance 

1. Semi-arid climate, 

1o~11 preei pi tati on . 

~~iqr1 evap . n1te~. 

2. Hiqh population 

qro'w'th r~t~. 

3. Conflicting ,jemande 

4. Riparian conflicts 

5. Abser1ce of effective 

conservation program. 

6. Fi nanc1al con3trai nt3 . 

7. Lack of integrated 

111ater policy . 

Fluctu:~tions in ·.,·::,ter :3uppl1J _; 

periorjic ,jrouqht~; n•'lturalliJ 

li rmterj ·.,.,.. ;:,ter re::.ourr::e t• :Be. 

Increase•j demand ar11j competition 

for water: non- rene~11ble qround 

··11 ater depletion; poll uti on . 

Inequitable allor::<'ltion:3 and subsidie3 _, 
,1. r' ·- .~ ..-~ ............ ~ . . . .; ~ . 

Critical supply augmentation projects 

cannot be undertaken . 

\·Vaterloqgi ng, environ mental irnpacts .. 

overall inefficiencies. los3es . 

:3uppl y auqmentation cannot meet 

demand requi rement3 . 

t·1ost of the above apply . 

Planni nq, ,jevelopment 

target~ plaq ued 'IIi t h 

unr::e rt;;,i nt IJ _ 

Reduced livi nq 

standarde _: health 

problems . 

Emergence of w·ater 
, . t-,1,· :~ ·: .... . 

Desta bi 1izi ng to 

the economy. 

Decline in 

prod ucti vi t IJ . 

Increa3i nq he~lth 

problerne, lo~s of 

productivity (chain 

reaction) . 

Lo'w' potential for 

social and economic 

,jevelop me nt. 
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5.2 Recommended So1utions 

Based upon the i nf ormation tji scussed above concei-ni nq of pro Jecte,j 

1Nater deficits, ;:md the prob1erns and constraints out 1 i ned. it rnay be 

conclwjed that ( 1) ,jernar11j 'Nill t1e9in to e>~cee,j ·:;upp1y b1; 1995.. 8\-'en if i311 

conventional sources 11a..,,.e t1een ,jeveloped. (2) U"1ere is a clear necessity for 

,jevelopin'~ non-conventioni3l ··,vater ~::upplies. (3) U1ere 1s a clear indication 

of the need for conservation i3n,j efficiency ent1ancernent rneasures within 

U1e water SB.ctor. and (4) tJ1ere 1s ;j clear nee,j for overall inteqreted water 

resources p 1 anm nq, ,jeve 1oprnent. and operat10ns. · 

On that basis. r-ecommended so 1 uti ons can be divided into four broad 

cateaor;~~ Ti.a ::-o1tt+inns 1ncludP.: (1) meas1'r~s to increase supoll~ from 

conventionol sources. (3) measures to promote qreater efficiency and 

conservation, and (4) development of an integrated comprehensive planning 

and management framework. 

Generally speakinq, the first three categones t·,ave received a 

s1gnificant degree of attent1on 1n prev1ous studies .. reports and proposals. 

Conversely, the fourth categond t1as heretofore recen,.ed ~;cant attention in 

.Jorden, despite the fact tt1at it represents an nnportant approach to so1 vi ng 

camp 1ex woter resource qua 1 it'd and quantity prob1ems in a number of more 

developed nations. Therefore. t1"1e first three categones wi 11 be addressed 

(in addition to the discuss10n of these sub_iects presente,j earlier in the 

paper) only briefly, while a t11gher level of attention will be devoted to the 

fourth category. 

The first of the four categones (discussed in Chapter 2) involves 

increasing w~ter supplies bid 150 ~'lCM annually, by constructing dams (e.g., 

http:recel\,.ed


•74 • 

AI-V·Iel·lljah, Karamert, 'labis, Al-\·v'ala), fulltd utilizing side v·tadi flood f1o 11YS, 

and developing ·f.11e Disi .. Al JMer. and Hammad ~~round·Nater basws . The 

development of these ground··..vater basins could produce an additional 

quantity of 60-60 t·1CM per year for 100 years. 

- - + eg- ·· 1rTl1e second so 1uti on L.d1.. (increasing supply from non-

conventional \·Vater sources) '/'/ .:JS also d1scussed in Chapter 2 and v·till not be 

repeated rtere . 

The third categor-y of promoting greater efficiencrd and consen1ation 

i nvo1ves the--fo 11 o··Nl ng re 1 a ted tasks. 

Ua~ 

( 1) Reduction of pt~ysJC;3l losses from rnunicipal water suppltJ 

net works Losses are current 1 y PSti mate,j at 25% of water :;uppI i es 1 n t11ese 

much needed maintenance work upon the identification of problem areas . In 

fact, a comprehens1ve study of SldStem losses has treen performed for the 

Greater Amman reg10n bt~ the It-/ AJ, 'Nhi ch is a 1 so p 1 anni ng to conduct the 

m~intenonce work in stages 

(2) Reduction of losses from 1rrigation canals Inefficiencies from 

the operation of major irngat10n canals (including tr:e ~<AC), and secondary 

delivery systems ·~vere discussed in Chapter 3. The quantity of savings 

could reach 50 t·1Ct1 per year 1f losses are effectively reduced. Plans by the 

JVA are currently underv1a'd to mcrease the quantity of available 1Nater 

:;upplies brd reducing the:;e losses IJther measures in the irngation ar·ea 

include the adoption of drip-Jrngation 1n more areas tl'"tan at present, 

,jecreasing evaporation losses , and planting crops V·iith low water 

requirements. 
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(3) Reduction of .., ... ,~;:~ter ,jernand quantities by i n,justri es Tf1i s could be 
.. 

accomp I i shed through a cornprehensi ve study on Hte current mett1ods of 

industial water use and adopting water saving technologies in this field. 

:;tudy has been initiated t1y tJte RSS \"tlth ::;upport from the Ministrtd of 

Pl anni n'~ on the possi bil it'd of ·:;;3'·:'1 n'~ water btd a,jopti n1~ si rnp I e househo ]tj 

conservatlon rneosures. Potentially, tens of millions of cubic meters could 

be saved by_~hangi ng persona I consumption behavior. 

(5) Reduction of adverse en vi ronmenta 1 impacts on water supp I i es A 

maJor move 1n this directlon could be made by limiting groundvvater 

(6) Reduction of 'Neter ,jemond btJ rnodifyi ng wet er pricing poI i ci es 

'...Vater prices should reflect actual cost to the whole population (with some 

subsidies for low income groups, and others). and should take into account 

population growth studies an,j the rnargmal co:3ts of provi,jing new supplies. 

A wide variettd of econorn1c an,j political influences ;:Jre presently 

molding U1e .Jordeminan 'Nater :;ector. r'lanagernent options are more 

important now than ever 1n the past, even though there are st i 11 ,jeve1opment 

projects to undertake. Therefore. one of the most important 

recommendations that can be 'F·t'en at this time is U1at research into 

pricing, conservation subsJ,jJes and the like. be performed on a country w1de 

basis. Such research 'Nlll provide ..,,.aluable results and provi,je the 

necessary input to a plan t.o proceed 'Nith a full fledged efficient 

monogement poI icy. 
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The fourth solution category for- solving tr1e water problerns in ._Iorden 

i nvo1ves the t:pjopt ion of ;:Jn integrated cornprehensi ve p1;jnni ng and 

managment framework . It t1as been accepte,j practice for 'Nater resources 

,jevelopment in de·...·elope,j count.rie :3 for- rnan':l 'dear~; that :3ocio-econornic 

,jeveloprnent can be measure,j in terms of the potentiol and actual 

c ~'nt.ri but ions of Jje·.,..e Ioprnent ·::t.n:~tegi es to nat i one I obJectives. In onjer to 

provide for the tJreatest ach1evernent in terms of national obiectives. at 
~ - . 

rn i ni rna1 cost , a method i :; nee,jed to capture the connection between tt1e 

,jesired obJectives of U1e Nation and ,jecision ..... ariables oifecting 'Nater 

:::uppl td and dernan't Such a metho,j could be used not only to make decis i ons 

re~-:-ding investment opportunities. but could be ·:·?ed for policy ~nalysis as 

.,..._, 7~-..~~ .... . ·~ ·· · - ~ ~ --. .~ ,;·- ............. - 1 , . ,.,, _.. ·' .-........ .-.r.•"" •.., -. ......., .-t: .--. ...... . . .... .., ....· ..:~; v ,""' •~ 
1II ' ) , , o. U .,. 1 -) ~ ~I '.Ji l · ~··-- I ' '- ._,I.JI,.I._,•l-..1' ~ · ::! l.,ooJ 1-' ~'~ ootll . o.,j 40 ~ -'--'""' - · •• -· ••;;j 

bodies in Jordan, one can use the model to predict how much of the National 

Objectives could be attained by such actions . 

The fundamente 1s of such an integrated p1anni ng approach for Jordan 

are now presented. based upon ( 1) the national objectives of Jordan. (2) the 

options and :::trategie:3 a·.,..allable to it in U1e water sector, and (3) 

,jetermination of which strategies contribute the most to'Nard the national 

objectives at fixed investment levels. This planning approach ultimately 

could lead to the formulat10n of a comprehensive Decision ~; upport System 

(DSS) to essi st the .Jordan Government in improving the p1anni ng and 

monoqement processe:3 in the 'Nater sector. 

In order to exp1ai n this approach conceptua 11 y, we endeavor first to 

,jevelop a hierarchical form of notional objectives. In .:Jordan, these 

objectives hove ~lrel:ldy been developed mostly btd .the Jordan Government os 

part of its planning policies O\-'er the pest 20-30 years (e.g., Jordan ~-llnistry 

http:rnost.ly
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of Planning, 1985). The obJectives articulated in the recent report bq u·1e 

.Jor-dan government are very detailed in nature, but they t·1ave not been 

speclfied in a manner conduic1ve to easy application of the technical 

methods envisaged. Tfle section on objectives e~<plains t1ow tr1ey rnay be 

presented in a rnanner usetul for rnultiobJecti\,.e analys1s. 

Next, ··Ne link a nurnber of disaggregated options (an option 1s defined 

as a ~;ingle action to affect ··,·vater management, eg., ra1sing the t1eight of a 

dam or applying \·Vater conservation ~;ubsi dies) to form sets of cor1erent 

porfolios, called strategies. Under the proposed integrated approach 

recommended here1 n. U'1e resulting strategies would be evaluated in terms 

of some feasibility critena, 1n order to render each strategy sufficient in 

include technical, environmental, financial, institutional and cost 

effectiveness consi derations 

Once these options, strategies and objectives have been formulated, 

the relative achievements of each option would be included in the data base 

files of the DSS, allow1ng the alternative strategies to be ranked using 

highly developed optirmzation routines (e .g., multi-criteria decision 

models) . Ultimately the process ·vvould produce an optimal strategy for the 

future. Although the mathematical constructs 1nvolved in state-of-the-art 

multiobjective or multicriteria decision systems are generally complex, 

utilization of the system can be made very simple, so that a minimum 

amount of effort is required by decision makers to perform the arlalysis, 

even if the data base 1s modlfied frequently to add new information as it is 

developed. A brief descnption of how such a system could be developed for 

Jordan, using the framework of objectives, options, and strategies, is 

provided below. 



Objectives 

Keeney and Raiff a ( 1976) have sho\.Yn that the objectives in a I most a 11 

complex problerns can be structured into a hierarcr1y . At the top of the 

hierarchy is an all inclusive objectt· . .~e that takes into account all of the 

concerns of the policy makers. Hov·ie'·:'er, u·Jis broad is generally too '·/ague to 

be ot' use in an integrated rneH1odo Iogy. At each 1eve1 of the objectives 

hierarchy, tt1e objectives become progressi '·ie 1y better defined but larger in 

number. 

Keen·ey and Raiffa ( 1976) also address the question of how far to 

disaggrerJate an objecti'·:'es hierarct1y . n·,ey suggest that an appropnate set 

of objectives should represent that level of the hieararchy at which the 

sufficient specificity that contributions of alternatives toward each 

objective can be measured. That is, the objectives must be both minimal 

and operational. · 

An examp1e of an ob .i ect i ves set for Jordan was deveIoped from an 

analysis of written Jordan Government policy statements, augmented by the 

collaboration of experts from the f1inistry of Planning and the '•t'later 

Research and Study Center at the Uni verst ty of Jordan . That objectives set 

is listed below. 

Notlono1 Objectives: 

*Minimize groundwater extr~ctions 
*Minimize environmental 1rnpacts 
*Maximize coverage of s;:~mtation 
*Maximize research ;:~nrj development 
*Maximize supply of ··Nater 
* maximize water conservation 
*Minimize energy requirements 
*Minimize initial co::;t.s 
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* l"lini mi ze operationa1and rmn ntenance costs 
* Mini mi ~e nurnber of foreign 1dt,or 
* Max1mize number of hectares 1rrigated 
* t"laxim1ze value of output 
* Mexirn1ze eff1ciency 
* 11axi rni ze cost recover-y 

T'..Yo irnport.ant ct·H3racten::;tics of u·,e at10'·/e objectives ::;et Uiat i3re 

fun,.Jarnent;31 to trtultiot,Ject.l'·/ e ,:Jnaltd::;i::; ,:Jre tt·,at tt·,e obJecti'·/es are 

conflicting ( ~~enen:ll1 ~. ;j cl 1.J i t1 ona 1 contri t1ut ions to v1an.Js one ob j ectl ve 

r esults in reducetj le vel::; of contnt,utlon:; to other objectives at a fixed 

i nvestment level) , and non-c ornrnensurable (trrey are n1easured in non

cornparabl e units, e.g., costs ;:Jre measured in JD ·H t·rereas en vi ronrnental 

impacts ;'~t·e normally rrteastwe,j in nonmonetary units. 

Options ond Strategies 

The essence of rnultiobjective analysis is to determine which 

:;trategy provides the greatest level of contributions to the objectives, in 

terms of the decision trH:lker'·:; relati'...'e preferences among the objectives, at 

·:l fi::<ed cost. To illu::;t.r-.Jte conceptualltd u-re rn;:Jnner 1n ·.,..·,·'t"lict·, U"ris is 

·Ktiieved, a list of illu:;triJt.i\18 feasible options was developed bl.l rnaking use 

of recently avilable literature on tl"re ,.Jordan 'Nater ::;Jtuation augmented by 

collaboration with a number of a'Jencies in .Jon.Jan. In Table 13, the 

classification employed t''d ··."ialker i:lnd \ieen (1966) is used to list some 

important options. Trte option ::; are trrus classifiet.J into trtose trrat affect 

..,"tater ::;upp 1y (techni ca 1 ancl rn.Jr1iJ 1~er·i a1) ar11j tr1ose tl'Hlt affect 'Nater demand 

(pricing and regulation) . 0u·,er i rnportant c1assi fi cation ::;ctiernes exist, 

espec1ally the one proposed bid r1unasinghe ( 1990), but u·,e supplw/dernand 



classification belo¥/ is a,jequate for tJte purposes of illustrating tt-lis 

technique. 

A fev't' general r-emarks concerning options to help solve the 1Nater 

problems are in order at th1s pomt. First , it can be seen from the 

classlfication of optlons u·,at r·nost are directed at tr"le agncultural and 

tllunicipal subsectors. U1e IC1r-gest users of v·iater. Second, options can be 

further classified spatially (by r-e,~Jon) if requH-ed or 1n other rnanners . 

Third, if a 1arger set were ~~enerated for Jordan. a I arge portion of them 

vvould fall under the general framework of "management." This is the case 

because a U1orough infrastructure already is 1n place, indlcating that 

managerial type options are promising sources for future improvements. As 

.... - -.·. ' - - .. - . · - - 1,. - ... _ ..) • " I _.. , o - J .: -
.. .... - · .. ·.. ·,.) ,; 1•., 1.· ·. ' , .J ' ,_, _,; '-.:• '- ~ • ..... ' • ~.I I • ._, ' . •..J, ,,... ...... Lo - l \_: I I , \"', :_ • : •: :· • \. . ' : : ;_ ~' :.,. . ·. • .. •. < :. • 

subsidies , and monitoring programs may ultimately constitute major 

features of water resources planning and management initiatives in Jordan. 

It may appear that initially the objectives of minimizing costs and 

maximizing cost recovery may imply that some important strategies may 

never be selected as opllrnurn (e.g ., ~;trateg1es including the Al-\~lertdah 

Dam ). Questions such as th1s relate to u·te chosen obJectives set and 

preferences of the dec1s1on makers for contributions to the various 

objectives. For example, the ob]ectJ·.,..e of "mimmize initial costs" could be 

disaggregated into sub-ObJectives such as "minimize costs to the Jordanian 

private sector," or "minimize costs to external parties." Or conversely, 

some objectives could be corrtbined , such as combinmg cost obJectives 1nto 

a single "minimize net present ..,..aJue (or annualized) of all cost components," 

under a chosen discount rate 
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TabJe 13. Some \·'later Resources Options for ,.Jordan 

Options Affecting Water Options Affecting \·'later 
Supply Demand 

1. Technical Option~ 
- construction of dams/ multi purpose 

rese rvoi rs (:::ee pro posed dam::.:. 
-proJects for reuse of marg1nal qual1ty 

·w·aters 
- computerized system of \·later control 

in .jordan Valley irrigation 
- exploltation of ne··.o~ ..,,.. ells , eg ., 

Wadi Seer aquifer , \•/ala Springs 
- projects to increase urban r·unoff 

collection 
- desali nizati"(}n of brackish w·ater at 

Azraq, Jordan Valley , Wadi Araba 
- desali ni:ation of sea·w·ater 
- ground·.,yater recharge projects e g .. 
- subterranean drainage pro_1ects in Valley 
- deep ground\y'ater extraction 

~ l-. ..... ~··._ · .L ., • .; ......... .. , ., .... _, • .J: - · •• 
· ,, , .. :• ,•. , , , 1 r , , Ji 

- maintenance of KAC 
- further development of Disi aquifer 
- ne'w' 'w'aste\v·ater net'Works ( protect ground 

,,,..ate r w·e11 s ) 
- rehabilitation of polluted springs 
- reroute industrial effluent further 

do'w'nstream in Zarqa River . 
- computerized metering of ground\·later 

\v'ells . 
- rm xi ng of i mported '.'later .and rec 'JC 1ed 

\·later in Jordan Valley 
- construction of private ,..,.ells for rainfall 

interception 
- conversion to drip irrigation 
- construction of northern conveyer and 

develop Mukhei ba \o/ells 

2. Managerial Options 
- limit agricultural self sufficiency 
- cease pumping from Qa- Disi aquifer 
- research studies , e.g., simulation of all 

·w·ater movement in Jordan 
- higher compensation for \v'orkers in 
. control of diversions , i nspechons . etc . 
-volumetric allocation of ·w·ater on an 

annual basis 
- incentives for recych ng 
- educational initiatives 

3. Pricing Options 
- price \o/ater at cost 
- subsid'J modifications 
- .:;e\·lerage tariffs 
- ··.·.:ater r::onservl'3tion subsidies 
- set pnces for 'u·aste·w·ater 

discharge fori ndustries 

4. Regulatory Options 
- improve metering, billing 

and revenue collection 
- monitoring extraction rates 
- conservation programs 
-change allocation 

procedures. 
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Optimizotion 

After a comprehensive set of feasible options is identified, 

contributions of each to each component of the objectives set are 

,jeterrnined and '·.iarious strategies (combinstions or portfolios of options) 

are considered st ..,..arious levels of in\.. estrnent. One of the rnost attractive 

features of a rnultiobjectJ•.,..e decision support system, such as tr1e one 

,jescribed 1'"1ere , is tr1at. u·,e \l;jst r·naJority of tJ1e \·vork is pen'orrned by the 

computer and the interactions betvveen the decision makers and the 

computer aYe very straightr"on·vard. For e:x:arnple, a vv·ell designed computer 

based decision support systern ··,·v111 automatically eliminate all strategies 

that are dominated by oU1er strateg1es. That is, all strategies 'Nhose 

one other strategy are removed from cons1deration. n·,is is a very important 

feature because , even in a national or regional planning problem of moderate 

size , the total number of feas1ble strategies can be '.Jery large, effectively 

approaching infinity. This helps to e:.:plain vvhy water resources planning 

problems are inherently so cornple~<, and \'Vhy so rnany past attempts to 

deve 1op \~later resources \'v'l thout such sopr11 st1 cated too 1s have not obtai ned 

optimal results, or have e'·len been dismal failures 

From the remaining (relatively small) set of non-dominated 

strategies, the DSS employs one of a variety of techniques to interact \¥ith 

the decision maker to identify the most preferred strategy in terms of 

contributions to the object i'-.1es s1 mul taneous 1y. In addition, a typi ca 1 water 

resources planning multiobjective DSS has many other useful features, such 

as the abi 1ity to conduct sensitivity ana I yses, and to determine 'Nhi ch 

strategies are most susceptible to risks 

http:objecti'-.,.es
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5.3 Conc1usion 

Thi :3 paper presente,j ::;urnrnt:~nJ i nforrnat ion concerning tt·1e 'Nater 

r-esources :;ector in .Jonjan. '·t·/ithi n t1"1i s frame'Nork. we procee,je,j to re ·.,.. ;e'N 

cer-t..31n 'd8•jr:3 , an,j otJ1er::: ,...ier-e ·:.elf irnpo:;e,j. e 'l · :::tate of r-ipanan l::::::ue:; 

.jr11j hiqr1 population ';WO'NU·I nite::: . A nurnt,er of t;cenario::: 'Nere t11en 

,jeo.,..e 1ope,j, .:t.'l11 ct1 ven f 1e1j t1"1e nee,j for on-,~oi rnj econorni c ar11j enqi neeri ng 

r-e:;earct1 in U1e \"ti'Her r e::o:..a-ce::: :::ector CMeqones of propose,j solutions 

\¥ere ,je:;cri bed. 

A:;;:-~ n=!cent '·dorhj Ao=mk: :=tiJtjiJ nf t.l18 .Jc,ni~..., '"'~h· rPS11I'"",..,Pc: sP.r.tt)r 

could rnGke a si,~nificant contribution to 'Nater resources plannin'j and policy 

formulation. This in turn , could contribute significantlld to .Jonjanian 

~jrov'tth prospects into U1e :21st century. 

The tecrmo 1oqy outl i ne,j herein rna1d a1so be f avorab1y i:Jpp 1i e,j eJ:::;ewhere 

i n tJ1e r···J;,j,jle E:jst retjlOn . wt·1ere \"tater re:::ource:; constraint::: are s1miL:~r to 

U1ose of Jordan. ~3uch ;j ,jeci::: l on rrnJ,jel could :::er·.,..e as a blueprint for rnodel 

,jevel opment in ott1er ~1i ,j,j1 e East countn es . 1n such a conte ~d. , the ~jui ns 

fr-om i rnproved 'Nater resources p1anni nq and rnanaqernent ::~r-e 1ike lid to be 

large. 



REFERENCES 

\···lalid Abedrabboh. "i·1ulti-ottJecti'·.18 decision making applied for 
watersrted tjeveloprnent planning of Zarqa River- basin in .Jordan ," PttD. 
dissertation. University of Ari zona. 19SB. 

2 Maher F. Abu-Taleb an1j .Joneu-,an P Deason. "l tjentification of 
optimal investment ·;tn'lteqies •jntj ~~olicie~; •:Jffecting vv·ater resources 
(J evelop rn en t uti 1i zi ng a r-r1 uIt1 ot1 Jectwe ,jec1s i on •:t 11j i ng rn ode 1... ·::ern i nar 
paper presented to u-,e Agncultural •:md Rural Development Division, the 
'•,ol/orld Bank. \···lashington, D.C.. .July 10. 1990. 

3 AbdUllah A. Ahmad . .... ..-~~r~..ia,.7 £'7viran,77B.flte.l .P·-m'i/e-Sletus '-9l7d 

Abotetnent. unpublished rnanu:::cnpt , 1989. 

4 Abdulla Ali Al-lbrahlrn. ··\·'l'oter use in Saudi Arabia: problems and 
polic'd 1rnplications." .:~:.-,tr;.;e/ t,f i;V'6t8r .~BSt.il/ra:~s Pl&7J7l:7g c.9/J.ri l~18/Jegeme,.7t 

- ...~--

, r ~ • ~ , I.: . ; ( ·- -~ -... _; ~: ;. ; :.; 1_: i ,; . ~: ~ . ~ · ,' ~·, ~' ~ :' j :,.;: 1...:_:4 

5 Ayman Hassan Al-t·1ornam, 'l1ode1i ng of future V'l'ater demand and 
supply in Jordan- a tool for planning," Ph.D. dissertation. Dkl ahoma State 
University, 1987. 

6 Ewan 'w'. Anderson , "Tlie source of power," 6eog,-sp!Jicc'JI l/ogozine, 
pp.10-14, Feb, 1991, and pp. 12-15 . t1arctl 1991 . 

,· V·li 11 i am Ascher ;~nd ROttert He a1y, /\18/ur'-9/ .f'..~st:l,.TC8 ,q?//q.~r.8A?>7g /;'7 

Developing [Ctt,~7trie~;. Duke University Press, Durham and London, 1990. 

8 Mohe~mmed A. BakhH and Elias Salarneh, e,jHors. Antb {~(.mferetlCB on 
1-JIRtar/?.a~rtlll'"r'Q<j' Rno· ~hair i...~I.-Rt~:-n· .~ .....-,.-,.~..-.~t;::nr-a lord""n Unl.VP.r<='l.tll A' mman 
, UL&.•.J l•t.. · .. '-~LI./l.•l.• .. LJJJ L J,• ~ · .•.• ._ • LJ ULL-_~•JL • J!l .'j-1,.,/JL~JIL · L ·. • •- U ..-...., ~ ~ ' 

Jordan, 1990. 

9 Layla I. Batarseh, Orner A. Rimawi and Elias Salameh, "Treated 
'NCIStewater reuse in agriculture . part 1: Hussem rv1edical Center project .." 
._ fi'Z'/JJert;:n '1/. tJ>a '-LJU(..fjf{..•/rt,rrlt::~n J ;,..,,,J JJ ¥·· ~·~, / .';/ J•. ~tJLL -. ~ >=>rr!J -·nd -'--'tl• L 1,ll ,-~. /J .. ~J.-,r_, 1·1 

•~J 1Cl89C'=" ilL lil. · - r- ·tu ' 1' -tar· .•ol..·:;ttf(.lfi..·JCfff
P.a . L._'-/L - -. ~I 

.J 

10 Blair T. Bower and tvl.::~t~nard Hufshmidt. "A conceptual framev·tork for 
analysis of water resources rnanaqement in Asia," .-Veti,Ta/ ,~est.7tli"C85 Ft.:l71177. 

Vo 18, No 4 , 1984, pp . 343-356. 

http:l~18/Jegeme,.7t
http:c.9/J.ri
http:i�1ulti-ottJecti'�.18


. ( , ,. 

es 

11 A. Cowell , "Next f1 astwoi nt in l'1i ddl e Ea::;t: .,...,.·ater.. ·· ...ve.1·v .vorA· 
April 16, 1989. 

12 .Jonathan P. Deason. "A rnultiob_iective deci:3ion :3upport sqstern for 
'Nater project portfolio selections," Ph .D. ,jissertation. University of 
'v'in~inia. 1984. 

13 Jonathan P. Deason and f< F' . '·N'rlite , Jr. "Spec1fication of obJectives by 
group processes in rnultiot,Ject.i\,.e ·.,:.,:ater resources planning_... i·veter 
P8S(il/FC8S Pe~;percll, \iO 1 20' ~· lo 2' Fetirl.J;jriJ 1964, pp. 1ci9- 196. 

14 .John A. Dixon. Lee r--1 Talbot and Guy J.-f·t Le r·1oigne, Dems tmd tl!e 
£.7Vl/t:.:7/lJ8J7t-Cansfo8rcl/(::?S /.:? rv~rr/o' ..9enk ..c~r·{.~/BCtS. \·v'orld Bank , 
··,l/ast1i ngton~ D.C., 1989. 

r·, "'nl·e1J H1·11 e1 ,-,,,/ .-.•· '1-,a t:'- ..-~ 1' ~--.-1 ·1 iJ;·-.ot ir>n '"'fl.ti tna L i ··a o!· ~ h~ '?r.·J·/15 L u . I L •'L o~ U/ L)1 

JI... - CJJ t./1- '- ·J ~ J ...:iJ u J!' t.. · 1 L. • \,J J C" - · '..... I i.,lif I I L.• . 

The Free Press. A Division of r·Jacrnillan Inc . r·lew York, 1991 . 

! .. _; ·. •• ·: ~ ·- ...... ' . • • ; + ~ _ : lt•Jo-,..' · --- · , .._.; •. -"' 

1, v- 1 JV . 

17 Abdul Rahim lmran. Arab ~Jiorld Foptllation. Present tmd FtltllrB. U.N. 
Fund for Population Studies. New York I 988. (In Arabic). 

. ' . 

18 Jordan Central Bank, /'/a,7t/J/y Btllletm. September, 1987. 

19 ... ..~vdel'J //7!0.r.'ilet/(i,.7 5't,-TB...9t/, .Jonjan 1::;::;ues and Perspec t i '·ies, r·Jo. 3, 
February/March . I 99 I . 

20 Jordan t·leteorological Department. ._ /aro'e."l [//~·"lleh~l..:~:icei Dete 
HtmdbooJ.~. Amman Jordan, 1988. 

21 Jordan Ministry of Energy and Mineral Resources , /v'att.~ref •.f'esotlrces ill 
,_lore/on: Inventory. Evoit;et.?ol7. Deve/opme,1t Proqrol'll. December. 1988. 

22 .Jordan Ministry of Pl anm ng _, //ve Yeor Pl...9,·7 /~7r £ca,7omfc s.:;d ~-:ociol 
[)e-,·elopment 1986- /9:,::J{?, Arnrnan .Jordan. 1986. 

23 .Jordan Ministry of V·later ar11j Irrigation, "\N'ater resources and uses in 
Jordan," paper presented at Arab Countnes Conference on \·vater Resources 
and their Strategic Importance, Arnrnan, Jordan, 1989. · 



24 Jordan fv1i ni stry of \·1/ater and Irri gat ion. .~v'etBr l t! ,_ .:!:ro'e,.7 . · C·7e//e.·7~78S 

8/ld Lfnlitation~. Arnrnan, Jor-den, 1'18!d 1990. 

lnrd""n ~l "" tl· - ·-1 ~-· - =. L · - . ~-· - · t ·"'- · '·' .:;. J.-~.~ ...1 ·' J I.:;..- · ·-·· .. . - . • - .~· .:;· "'/26 ._ _ .... ,...... una _:~eugr · ~Pt'\11_. _. ~tl . ~::.t . . ·· •· ""~ ... ~ ..... ... ..... ,. ...... u ..... ~, ~_ .. ,. ~ ' ~ ..,. ._.. .....,. .... 
• • ·A , d '1 .._ • ' • j d J - - hY"·rtnag_i/ 8/J Agrau{/OFDitr~'_i.~ Arnrnan. or an , '::ltib 

;) 7 . IL-trtjd-rl "-'·,•'i:l-tur- Ai'tt-lnt-it Jl t_-:· .<~ ,• l t"11 t ,"'( { 1·1·' -~; a . ..- ,.... ,..~- ...;~/~· ''c..'i/7.r-·.a :;- .· .·~-· t.:.=· ,..,.~. ,-. ( r-,.• ~.-· . 
._ I - I ~'-· ~ -". · - '·· -~J '- ' f. Lit..• :.· '- ' ·' . . L...'l.~ · .· 1.. · 1. '1 1 .. L -. ~ ... . ... . ~ . ;,• -.,Lfa ·.•.• .• .., .. 1..' 1 

5~7ut/;en7 ......~7,.-._75,.7. Publl shed 1n a::;soc 1at.i on v·,:ith Arabtech . Amman.._!ordan. 
October, 1986. 

28 R. L. --Keene1d , and H. Raiffa , l7Bcislan~- J·v; t/J li~·/Jtfp/e f)L~jectf'?'BS: 
PrafB.rB.l!CBS 6 / h1. Vo·.iue .r,.·-so8:Jlf s . ._lot1n 1;-!i 181d , Ne\·V Vork. 1976 . 

29 Daniel P Loucks and Laszl o Somlyody. 'T,lultiottJective assessment of 
multi purpose \•Vater r-esources proJects for developing countries ,.. Nstur'-9./ 

-""> . ···--.- ,.... __ . • . L J-.1 . ...... ,.,_ t 111•-. - .-II . -~ 
' . • · - ~ . ~ "-' • • • • t I'. • • ~ ~ . · .• · • • : - · 1 . " 

T ./,-,1 .a J~J/Rr-h1' nntnn 
J J c-;- u..,,JJJ JI,:I L ~•/ F30 .Jessica r1athe··Ns. "\ ..-/ar and \·Vater in the !"Iiddle East." 

Post, April 28 , 1991. 

31 Ann Misch , "Purdah ;:md overpopulation i n the r··1iddle East," 
i·v'orl dJ·vatc!J,. Vol 3, No 6. November-December. 1990. 

32 George D. 1"1off et. "t'"1i ddl e East's cup runneth dry," Tl;e C·7nstie-·7 
~'-.1::-iellcB 1'/tmitor. t'1~rch , 8 , 13, 14. 1990. 

33 r·1ichael R. Moore , "Tlle Bureau of Reclamation 's new mandate for 
irrigation water conservat10n : purposes ;:md polic1~ alternatives ," i·v8t8r 
,f'esotJrces Raseorc!J,. Vol. 27 , No. 2, pp . 145-155 , February, 1991. 

34 ~1ohan Munasinghe, "Water Supply Policies and Issues in Developing 
Countries," /VtJtl/rtJI ,fles,?urces Fo...-.·/177, Vol 14. No I ,February 1990. pp. 33-48. 

35 Caryl ~1urph1d , 'l1i,jdle East faces rna_ior ·.,...,:ater V·ioes," T/!B i~ve::.-;?iogt'-m 
Pos(. Saturday, March 10. 1990. 

36 Thomas Naff , "\·vater An emerging issue in the Middle Eastr li7e 
.4nnois of t!Je .Americe/J .Aceaem~.t a/Polft/ce/ 5cfe,7tists. November. I 9B5. 

' 'l ' .• 

i36 



67 

.. .. ·,'\ 

37 Thomas Naff and Rutt1 c. l'latson. .i'·V~9t8r .l/1 l./78 .i';tlLiL.i:le Eo-st.- nmll/ct tlr 
Ct..lt.iperotio!J./'") IN'estview Pre%, Boulder, Colorado, 1964. 

38 Sandra Poste1, fv'ater· l?et!Jintin~7 lirJn.Jgement in tJn Age ol 5t.Jt-ciry. 
\-'lorhjv·letch Inst. itute. '•i·lashi nqton. D. C.. December 1984. 

)9 ;3tan 1et~ Reed. ".Jonjan and U1e 1~ulf Cri :::i :; ... F~!.rB.lP,l'J .4lls/:-s; \-'o I 69. 
No 5, 1990, pp . 21-35. 

41 Brandon Robinson. "Collabrative Sector Analqsis : A foreign assistance 
technique t.Gr irnprovirllj LDC :;ector rnanagernent," f·v£1r/d De~-o·eJapme,it. \/ol 
1S, No7, 1990, pp . 1015-1029. 

42 Royal Scientific Societ'd • .1~/ng T5/1J/ l(BSBrvofr .monitoring pro_/Bct. 
RSS, Amman , .Jor-dan , September, 1969a. 

~.....,esBrvafr, RSS. Amman, ._Iorden, November. 1989b. 

44 Elias Salameh, "Groundwater contamination: causes, methods of 
protection, and examples from Jordan, .. ....lard8ni8l7 t..1t:alogist. Amman, Jordan. 

45 Elias Salarneh, "\.Yater r-esources in Jordan - current ;~nd future 
demands." paper presented at. the Conference on t.he Di si If-later F'esource . 
.Jordfln Universit~, ,.Jan. 3, 1989fl. 

46 Elias Salameh, "'w'at..er resources of the Jordan River sqstem and t.he 
surrounding countries," paper presented at the 3rd \:-lorJ,j Conference on 
Vo/ater Law and Administration, Alicante, Valencia, Spain, Dec.11-14, 1989b. 

47 J. R.. Sterr, and D.C. Stoll, us. F(?rBlgn P(l/fcy C"tll -~·'''IJter Pes-oat-cBs- in 
the l'·Jfddle £8s~. Center for Strategic and International Studies. Vo/ashington. 
D.C. Dec. 1987. 

48 J . R. Starr and D. C. Stoll , T/7e Palitic3 tll Sc8rcity: · ;,J''8t~·-r in tl;e /Iiddle 
£....95/. V-lestview Press.. Bouhjer, Colo ., 1968. 

49 \'-larren E. Walker and fv1einaard A. Veen. ··screening tactics in a v·tater 
management policy analysis for t11e Netherlands," f.11ater Pesot1rces 
PBSB8rc!J. Vol 23. No 7. ,.July 1987. pp. 1145- 1151. 



~..·:>. "' 
UIJ • 

50 .Jeremy J. \1larford.. "Economic tjeveloprnent and environmental 
protection," IV8tllr81 Pesot/JTPS Forum. 1./ol 13, No 3, Auqust. 1959, pp. 23i3
241. 

51 David \·\1ishart. "An economic epproech to un•jerstanding Jorden Valley 
'ft'ater disputes ," ///dd/a East .R6~'iBI·V. '3umrner, 1989. pp. 45-53 . 

53 \..-/orld Bank. i·V~ir/r.f Df:·elOC'/7?8/!·t /(8tlart lP9~7. O:<fonj Univer~:itld 

Press, i 990. 


