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For thousands of years* land and water resources have been exploited in the
and North Africa'. Arable land andreliable water resources, however, have been exhaui
the region subsequently faces two major challenger. First, high population growth is for
expansion ofcultivation onto marginal land and engulfing prime agricultural land and water-
resouites toaccommodate theregion's accelerating urbanization. Second, theconflicting and-
compsting demands for prime land and water discourage constructive investment and management
of these important resources. Asaresult, major ecological and political problems confronting
region, with the water crisis aprominent political issue, especially along the international river
basins of the Tigris, Euphrates, Jordan, ar.d Nile rivers. This paper focuses on ilio region'* w*ier
resounces, which are themost important factor limiting the growth of agriculture and influencing
the m magement of irrigated lands.

R AriCGROT TND TO THH WATER CRISIS

A recent report onworld resources identifies the Middle East asthemain region
water shortages have reached crises proportions. Jordan, Israel, Algeria, Egypt, Tunisia, i
counties of the Arabian Peninsula arealready reaching a pointwherenearlyallavailable i

are be ing used. Israel and Jordan, for example,have low levels of per capita water supply, 370
and 150 ntf respectively, compared with Cyprus (1,280m3) and the U.S. (1,940m3). Israel the
West Bank and Gaza, and Jordan are facing acombined water deficit of atleast 300 million m3 per

year. The region's water crisis isaggravated because many countries share common water
resoures, yet nave no common agreementson how toefficiently and productively share them.'
There is also alack of cooperation inthe sharing and management of the region's ground-water
resousses; for example, the Yarqon-Tanninim aquifer, which provides 25 to40 percent of Israel's
water, lies beneath pre-1967 Israel and the West Bank. Its management, recharge, protection from
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pollution, andefficient utilization should receive higherpriority than its political disposition

because of thelong-term implications for thesustainability of theaquifer. Also, thedevelopment
of the Jordan andYarmouk river basins has laggedbecause of the politicalconflict in the-region.

An agreement to develop these basinscould provide substantial incentives to all parties to realize

the multipurposebenefits of such cooperation to the region's economic growth, environmental

protection, and infrastructural development. Moreover, because of the scarcityof water,major

structural changes arelikely tobeintroduced in agriculture, industry, andurban planning. The
countriesof the regiondo not have much room to maneuver and their options are limited.

Cooperation is thus imperative.

TRADITIONAL WATER USE

The main water user in the region is irrigation. Total irrigated land is less than 10 percent

of all arable landyetconsumes about 70 percent of all waterresources in the region. Originally the

main irrigation schemes in the region wereconstructed to provide additional food supplies,mainly

wheal (exceptin Sudan, where irrigation works were built to grow cotton). As commodityprices

declir ed in the 1980s, and returns to irrigation projects diminished, farmers shifted to growing

vegetables, fruits,cotton, and oilseeds. Governments have been reluctant to support this shift on

the grounds that suchchangesmay endangernational food security. Government interventions to

increase food production on irrigated lands have sometimes led to a deterioration of the sector

because of lowreturns anddiscriminatory pricing policies. This is evident in themanagement of
irrigated land,wherefield efficiency in the traditional sector (gravityirrigationfor staplefoodt

crops)is low andcropping intensity of irrigated areasaverages 140percent (subject to availability
of water),comparedwith 240 percent in East Asia. Althoughwater is scarce and expensive, low-

valuecropsand water-demanding production systems have been encouraged becauseof poor water

policies and heavy government interventions to establish cropping patterns, cropquotas, and

pricingpoliciesfor crops grownunder irrigation. Three countries,Egypt, Jordan,and Israel.

provide vivid examples of the severity of watershortages andthe agricultural sector'^response to
this crisis. Jordan, which receivesan averageof 250 to 325 mm of rainfall annually, consumes

110percent of its water stockannually andhas accumulated a deficitequal to one full year's supply

(caused by theoverpumping of the shallow aquifer). Egypt, whichis completely dependent on the

flowof the NileRiver, experienced majorcrisesduring the droughts of the 1980s, and its program

toexp and agricultural landon both sides of theNileDeltais beingthreatened by water shortages.

The n;w landdevelopment program is nowdesigned to recycle irrigation water, which is likely to
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attention, especially those related to crop pnxluciion, efficiency, mediation of sv..ems prying
and dlocation ofwater, and predion of the environment from the serious consequences of the
continual intervention in hydrological cycles. TTte results of government intervention in any of
these areas are no, always consistent becauseof the region', diverse water use. Imgatton sy«em.
vary irom traditional fame- uilt spate irrigation scheme, in npper Egypt, to modern dnp tmgauon
systems used in greenhou*. to fruits and vcgei'bles in Israel. Jordan, and lower Egypt, ater
projects also rangetan earth dams in eastern Jordan to large, sophisticated, and n.u.upurpow
dams in Egypt and Jordan, and to anational reservoir and carefully programmed water cnmer in
Israel

In some aspects, the region has had great success in water management, and it has
supported the adoption ofmodern technology in canal conveyance systems and o tarm water
distribution. Nevertheless, the problem is intensifying. The growing scarcity of aer resource,
in the region is caused by three majorfactors: rapid population growth, deteriorate water quality,
and tie rising cost of new water projects. Again. Egypt, and Jordan, and Israel illustrate how
counties have been trying to deal with this situation.

Egypt

Egypt relies on the Nile River for 95 percentof its w*ter consumption. Egyptian water
management, dominated by agricultural consumption, is char. zed by arigid water dismbuuon
systen, extending 1,000 km, and by the continuous threat of salt-v ater intrusion into the Nile
Delta Over 95 percent of agricultural production is derived from irrigated land. Egypt s
population grows at an average of 2.7 percent, with about one million people every ten months.
The area of arable land per capita is dismally low; by 1991 there were 24 people to every hectare of
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arable land. Attempts to expand agricultural land have been difficult and expensive. Of the7J
million acres of cultivated land inEgypt, about 800,000 acres were reclaimed on both sides of the
Nile IDelta in thelast40 years. There are plans to addabout 2.5 million acres of new lands^but

water scarcity is challenging this endeavor.

During the 1980s, in an effort to increase water and land useefficiency, thegovernment
launched amajor policy shift regarding land use. Thegovernment realized that the overalt
performance of state farms was inefficient, unable toadopt quickly newfarming practices that
could adjust to arid anddesert conditions. This shiftwasalso necessary because the newlands are
likely to consume 10 percent of total water available inthe country. Efficient utilization of this
scarce commodity requires theestablishment ofresponsive systems in landproperty rights, water

useand management, andadoption of modem production technology.

Thechallenge to bringing about theneeded changes is that traditional, centuries-old surface

irriga :ion systems are used in most cultivated land of the Nile Valley and Delta. Because of the low
efficiency of water use in the Nile Valley, the government dictated that thenewlands beirrigated
with modern systems such as drip or sprinkler systems. Although modem irrigation has allowed

then« w lands to improve agricultural production and shifted cropping patterns toward high-value

crops, including fruits, vegetables and oilseed, the pressure continues tochange traditional
cropping patterns inirrigation systems in the Nile Valley that cause large losses inwater, for
example, about 25 to 30percent of irrigation water supply is allocated to rice and sugarcane.
These crops seem profitable from the farmer's perspective but are expensive from asocial
perspactive, inview of the free water supplied tothe farmers while their counterparts in the new
lands pay substantial sums for investment and delivery of water. The disparity of the situation is
more serious in certain parts of thedelta where farmers can onlyuserecycled drainage water for
their irrigation. Under these conditions, farmers receive low-quality water loaded with salts and

chemicals that is likely to cause long-term damage tothe soil and groundwater. A recent study of
wateT resources in EgyptConcludedihat thepresent land useand water deliverysystems raceme

following constraints:

Fragmented lands and small holdings have constrained the establishment of efficient
irrigation methods.
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The presentwaterrotation system is unsuitable forusing moderntechnologies,

such assprinkler ordrip irrigation, which usually require a continuous supplyof

water.

Accuratewatercontrol underthe present irrigation regime is difficult, especially

withdifferentwater demands regarding frequency andquantity fo. 1*'ferentcrops.

The study proposed several stepsto address this situation, including:

improving theefficiency of thepresent irrigation system in old lands and

developing modern irrigation methods in new lands that would allow planning a

reliable irrigation schedule for different crops;

improving drainage networks and reducinglosses;

recoveringthe cost of irrigation development andoperation from farmers.

Becausewater is the major constraint to further expansionof agricultural areas, treated

wastewatermust be considered as a new sourceof irrigation water. Urgent steps should be taken

to establish pilot projects on the use of treated wastewater in agriculture.

Agricultural drainage waterin upper Egypt is discharged backinto the Nile River. This

affects watersalinity. Strict policieshave beenimposedregarding the releaseof Nile water

downstream of the Aswan High Dam. A potential decrease in drainage waterquantity andan

increase in its salinity will occur when irrigation efficiency is improved both in the conveying

system andat the farm level. Currently, however, the increasing releaseof drainage water for

irrigaion may posea considerable environmental challenge because of the strong likelihood of

creathg serious salinityproblems in the delta.

The problems that are likely to challenge the sustainability of waterresources in Egypt

includesalinity, waterlogging, the rieclining qualityof fresh water, and water pollution as a result

ofcontinuous discharge into the Nile and wastewater from domestic and industrial use, usually

untrected in irrigation canals. Also likely to aggravate the pollution problemsis the increased use

of chemicals, especially nitrogen, phosphate, and potash, which hasincreased fourfold in the last
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three decades. The use of herbicides, especiallyacrolein to control submergedweeds in canals and

arnenyn to control water hyacinths in drains, hascaused serious environmental hazards andis

likely to bediscontinued. Ironically, new technologies introduced to improve operation:andfa-

mainlenance may haveadverse environmental impacts and challenge the sustainability of the?:
system.

Jordan

Jordan's water resources situation is somewhat different. Jordan has an arid climate, and

only: i percent of the land area receives sufficientrainfall to support cultivatedagriculture. Less

than ]0% of the agricultural land is irrigated but accounts for about 20 percent of the value of

exports. The surface waterresources in Jordan, especially in the Jordan Valley, have been

extensively developed despite high investment costs. Irrigation in the Jordan Valley consumes

about 65 percent of the country's total utilizable surface water. Irrigation efficiency varies from 70

percent for the lands irrigated through direct pressure pipes to 38 percent fcr surface irrigation.

The severewatershortage in the valleyrestricts cropping intensity to 115 percent (oneof the

lowest ratios of intensification of irrigated lands worldwide). An increasing proportion of the

inigai ion watercurrently used consistsof return sewage flows. About 35 percent of totalirrigation

wateris likely to be from sewage flows in the next two decades. Because of the severe shortageof

water, the governmenthas taken the following actions:

converting irrigation systems in the Jordan Valley from surface to pressure pipe

systems;

introducingautomatedwatermanagementcontrol systems at the farm level;

imposing area restrictions on low-value and high-water-consuming crops:

encouraging cultivation of high-value, import substitute crops;

selling a fixed volume of water to farmers, determined annually according to water

availability;
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strengthening research and extension on alternative crops, especially those with

relativelylow waterrequirements;

designing a practical and objective allocation system, using long-run management
and costpricing of water tohelp guide theallocation of water toirrigation against
competing demands, and, within agriculture, to help determine optimal cropping
patterns.

Isxaej

In Israel, the government hasinitiated several innovations designed to deal with the

problems of water scarcity, allocation, and economic growth. The construction of the Israeli
National Water Carrier is acentralized engineering and management project which channels water
from Lake Kinncret/Sea of Galilee in the north to the coastal regions and into the south. The

carrier has evolved from a water transfer project to h large-scale centralized distribution network,

comparable to a system serving a large urban-industrial complex. The various sources of water

available to Israel, both surface and groundwater, are brought into the watercarrier and distributed

to the various regions, to cities and towns, and tothe irrigation districts. An additional source in
receni years is the pipeline which carries reclaimed wastewater from Tel Aviv to irrigate several
thousand hectares in the south. This project allowed the water carrier to diversify its services

beyord conveying fresh drinking water toinclude different quality water for different users in
agriculture and industry, managed and controlled by sophisticated monitoring and distribution
systems.

Along with these modifications, Israel has been transforming the structure of itsagriculture
to beresponsive to scarce and expensive water resources. High-value crops and industrialized
croppng systems have been replacing traditional agriculture and are based on highly automated
inigaiion systems, including drip and sprinklers operated through computerized water demand and
assessment centers with remote water screening and computerized command program for efficient
response to crop water requirements. Such systems allowed Israeli farmers to usewater

efficiently, diversify into crops with fewer water requirements, and introduce the high technology
needed totransform agriculture into viable commercial enterprises.
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Changing the agricultural systemin Israel has been made possible through heavy

investment in the development and improvementof irrigation technology. Over the years; Israel

has supportedtheestablishmentof several factories to produceadvanced models for

sprinlder, fertigation, andmultipleirrigation systems forcontrolled and highly mana;

systems (flowers, fruits, vegetables, andindustrial crops). These innovations have alio

to temporarily address thegrowing problems in thewater sector, including scarcity and
among competing sectors, declining quality, and increasing environmental concern about

water use.

A CASE FOR RPOIONAT. COOPERATION

Despite somecountry success in managing waterresources, the future challenges in

meetiig the growing demands for water are beyond thecapabilities of individual countries. Water

does not respect national boundaries; even underground aquifers cut across national boundaries.

Regional rainfall, riverwater, lakes, andgroundwater are allpart of one system. The region faces

drought every four years, and no national boundaries protect against floods ordroughts. As the
economic growth process continues in theregion, and theexpansion of economic activities

inevitibly leads to increasing demands for water, theanswer to thesechallenges cannot be found

withir. one country'snational boundary. Joint action to prepare aregional response to the future

challenges mayencourage thecountries of theregion to recognize that regional water management

could beemployed to enhance peace rather than fuel conflict. Countries should focus on-.. ,,:f
sustainable management of theirwaterresources, which are international in nature, addressing-trie

serious environmental consequences of water resources development, whichrequire immediate
region al cooperation. This involveswater planning based on hydrological units, such asanentire
drainage basin. A concerted regional effort should focus in particular on the areas discussed

below.

Exchange of information and Data on theWater Sector

The countries in theregion need to establish aregional information and data base for

hydrometeorology and water use. Anintegrated regional information system isneeded toregularly
record and disseminate climatic data, including rainfall and data from hydrology networks and

river-{;auging stations. The system should also include data on groundwater and land use

planning. Experience elsewhere inthe world suggests that the countries in the region would
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benefitfrom establishing aninstitutional framework forconventional - andremote-sensing data

programs. This framework should set data collection standan.. cmitor anu i legrate water data
from all sources,and submit regular andintermittentdatacompilation reports and studies. The?

regioial systems should be responsible for thecollection ofdata of national and international

interest, andmake information available equally to allconcerned government agencies in the

region. Therecent advances in theGeographic Information System (OIS) can make this
proposition equallyattractive to the countries of the region. A concerted effort is neededto

strengthen the national hydro-logical institutions in theregion and to assist them in establishing a

regional information, training, and dissimination center.

Regirnal Management

The establishmentof a regional data andinformation base should be targeted towardbetter

mana; jement of waterresources. The vehicle toward this goal is integrated river basin planning

which recognizes the dynamics of the river. At headwaters we nee-d ** ^>lsn to protect the hillsand

watersheds. In the middle sections, where land is flat and the flow is slow, we need to plan for

efficiency and protection from highland evaporation and losses, and the lowlands, where

groundwater is usually recharged and wetland andlakescould formulate natural drainage and

storage systems, we need to develop a system which could stabilize the salt balancein the region.

Effective watermanagement of the Jordan River, for example, requires a broad planfor the

entire river basin. This is particularly challenging because the riveris underthe ;—' Miction * ^lu

nations. Existing international law offers little guidance in international river ba*.n planning and

provices no help in areas where political and military conflicts have been dominant features along

these basins. Regional cooperation in establishing innovative legal, institutional,and

organizational structures responsive to the region's water situationis urgently need Ato address

efficient water management, reduce pollutantsin river basins, establish environmental standards

for wastewater treatment andrecycling, and monitorwateron a seasonal basis to adjustallocations

amonficompeting sectors with limited disruption to theeconomic activities of thecommunities
dependent on a river basin.

Successful river basinplanning is found in the Pacific Northwest of the United States,

wherearegional watermanagement andconservation system alongthe Columbia River has been in

effect for several decades. This approach is carried out according to a sophisticated supply
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management system throughautomated sensing and transmission of water resource data in real

time from unattended remote sites tocomputerized base stations where it can beeasily accessedand
analyzed bywater resource managers. The supply management is supported byconservation
management through a varietyof networks of automated agricultural weatherstations dedicated to

crop waterusemodeling andconservation programs aimedat providingdirect and indirect benefits
to the energy resource mix in the region.

This approach has beencomplemented by waterbank programs, whichhave proven to be

a viable technique formanaging existing supplies, provldingwater fornew users, and storing water
for drought years. Underthese arrangements water reservoirs areconverted to function as water

banks, and reservoir space is allocatedto the different contracting entities and is basedon criteria

developed by waterexperts from the participating states.

This concept which has also been well received in California, is timely and relevant to the

Midd.e East. Thecountriesinvolved couldbecome spaceholders in the reservoirs with technical

andle gal contracts for waterrights. With spaceholder contracts, reservoir storage is attributed to

the specific spaceholders. In yearsof normal or surplus watersupply, unneeded watersimply

remains in the reservoir under thecontrol of the spaceholder. Surplus watercan be marketed to

other users provided there is an assurance that the existing contractors willnotsuffer shortages as a
result of thenewuse. The commitments to theoriginal users will always be honored.

Converting existing reservoirs in theregion intowater banks requires an agreed upon legal

frame work, organizational structure, and management program accepted by theparticipating
countries in the region. Water and legal experts, hydrologisis, and political and economic advisors

must be allowed to conduct necessary studies designed to assess the suitabilityof such innovative

schemes in water banking and managementas incentives toward a peaceful solutionto the water

problems in the region.

Modem WaterTcchnolopv andEngineering

A thirdareaof cooperation amcr.g the countries in the region is the development and

improvement of modern water technology. Areaswithwatershortages are turning increasingly to

desalination plants to supplement waterresources. Globally, there are about 8,000of theseplants

each producing over 100 m3 per day, in about 120countries. Saudi Arabia is the world leader in
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desalination and produces about 27 percent of the estimated 14 million m3 of global capacity.
Desa ination is still three to four times more expensive than conventional sources of fresh water,
costing 40 to 60 cents per cubic meter of brackish water and US$1.05 to US$1.60 percuhfemeteir
of sen water Research and development of less costly technology for the region should be ahigh
priority. Saudi Arabia and Kuwait, which jointly hold about 40 percent of global capacityof
desal nation plants, can benefit from supporting regional research efforts in this field. Other areas
of technological innovation are new instruments, engineering designs, and hydrologicaitoel*
needed for recharging groundwater and fresh water aquifers, and for controlling pollution along
river basins and associated groundwater systems. The region should focus on modem technology
for artificial recharge, earth dams, and watershed management and improving the micro-water
catchments in the hills where water runoff and erosion can contribute to heavy water and soil
losses. Associated with this technology is large-scale afforestation in the marginal and semiarid
zones and fuller use and planning ofthe region's prime agricultural land.

The countries of the region have given increasing attention to the possibility cf intrabasin
water transfers (The Red Sea hydrological connection with the Dead Sea is good enough).
Regie nal studies on the scope, cost, and consequences of such enterprises would be useful. We
need lo learn more about the feasibility and advantages of such options. We also need to study the
dynamics of this transfer in terms of hydrology, engineering, economics, and environmental
dimer sions. Before considering large water transfer projects, the region needs to assess its present
distortion network, its capacity for connections with other networks within and outside the
regtor, and methods of protecting water quality and quantity for future generations. Despite the
severe water crisis in the region, few or no joint scientific studies have been designed for (he
sustainable development of this precious resource. The answer to the water crisis should not be a
quick fix through water transfer. The initial phase of an action plan should emphasize ajoint
institutional approach to sustainable management based on sharing information, exchanging
experience, and designing viable options to benefit the the countries sharing water resources.

CONCLUSION

The solution of the water crisis in the Middle East is beyond the capabilities of individual
countries. Several countries in the region have successfully introduced innovative management
technc logy designed to rationalize the development and improvement of water resources. The
country experience has demonstrated that water management is acomplex and expensive task. The
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interdependence of water use, and the absenceof regionalcooperation makes a comprehensive

approach to regional waterresource management necessary. Thisapproachrequires concerted
effort amcoiEthecouiigksrof thc^ taodaammmmk^aamAomm^Hg^
hydrclogical datasystems, regional management and waterbanks, and innovative engineeringand

hydrological projectsfor interbasin transfer




