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MANAGING WATER SCARCITY FOR SUSTAINABLE IRRIGATION 
IN THE SOUTHERN MEDITERRANEAN REGION 

The Southern Medi
terranean region of 
North Africa may be 

hydroclimatically consi
dered as a transitional zo
ne between the erimitic 
Sahara proper and the 
subhumid Southern Euro
pean regions. Its popula
tion density and socioe
conomic activities has 
been always in a delicate 
balance between the limi
ted available natural re
sources and the basic hu
man needs of a subsisten
ce way of life. During the 
last few decades, howe
ver, the introduction of 
modern ways of resource 
utilization developed in 
the western humid zones 
has shifted the balance 
towards resource exploi
tation at levels far excee
ding their rates of re
newal. 
The situation has been ex
acerbated by unchecked 
population growth de
manding more food and a 
better standard of living 
under conditions of scarci-
ty, poor resource manage
ment and low production 
efficiency. To meet these 
increasing demands agri
culture has been dramati
cally changing from its tra
ditional rainfed practices 
and limited irrigated areas 
into an extensively ex-
panded large scale irriga-
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Water scarcity is imposing severe constraints on sustainable develop
ment in the Southern Mediterranean region. The potentially available 
water supplies on renewable basis are insufficient to meet the continu
ously rising water demands of irrigated agriculture and other socioeco
nomic activities. The situation has been exacerbated by unchecked pop
ulation growth and poor water management. The problems of water 
scarcity are discussed and understood in terms of the local water basins 
as a whole. Water movement and cyclicity within these basins are used 
to develop managerial strategies for maximizing water-use efficiency at 
the basin level. It is concluded that most water basins in the region have 
been developed to their full potential and are approaching a "closed 
system" state where no water of usable quality leaves these basins to salt 
sinks for disposal. The Jefara water basin in northwestern Libya is intro
duced as an illustrative example. Irrigated agriculture can be sustained 
at its present rate of expansion only through reopening the water basins 
to further water supplies from seawater desalting or interbasin water 
transfers. The Libyan experience with its Man-made River project pro
vides a good example for water transfer economics in the region. Other 
possible measures may be implemented through macroeconomic ma
nipulations and sociopolitical reorientations conducive to sustainable 
development. 

REsUME 

La penurie de /'eau impose des contraintes severes sur le developpement 
durable dans la region au sud de la Mediterranee. Les fournitures by
driques potentiellement disponibles et renouvelables sont insu.!Ttsantes 
pour faire face aux demandes en eau croissantes de /'agriculture ir
riguee et d'autres activites socio-economiques. La situation a ete ex
ageree par un accroissement demograpbique incontrole et une mauvaise 
gestion des eaux. Les problemes de la penurie de I'eau sont discutes et ;n
terpretes en termes de bassins bydriques locaux dans leur ensemble. Le 
mouvement de I'eau elle caractere cyclique ii l'i1lterieur de ces bassins 
sont utilises pour developper des strategies d'e1ltrepreneur pour max
imiser /'efficacite d'utilisation au niveau du bassin. On clonclut que la 
pluparl des bassins versants de la region ont ete developpe ii plei1z et sont 
procbes du seuil du -systeme clos- OU aucune qualite d'eau sorlant du 
bassin n 'est utilisable pour saliniser les -exutoires-. Le bassin versant de 
Jefara au nord-ouest de la Libye est don nee en tant qu 'exemple. L 'agri
culture irrlguee peut etre soutenue ii som taux actuel d'expansi01ze 
seulement ii Iravers la re-ouverlure des bassins bydriques pour amelior
er /'apport bydrique du dessalement des eaux de mer ou des transfers by
driques entre les bassins. L 'experience Libyemze avec son projet de la Riv
iere faite par I'bomme represente UIZ bon exemple de /'economie du 
transfer de /'eau dans la region. D'autres mesures possibles peuvent etre 
mises en place ii travers des manipulations macro-econom;ques et des re
orientations socio-polit;ques qui aboutissent ii un developpemem 
durable. 

the present rate of expan
sion on sustainable basis 
under the very low values 
of the dominant pluvio
evapotranspiratory ratios in 
the region. 
The deficit between re
newal and utilization has 
been presently satisfied by 
overdraft and mining of 
groundwater aquifers and 
increased dependence on 
poor quality water sup
plies. 
The result is lower piezo
metric levels, seawater in
trusions, soil salinization, 
more salt accumulation 
and pollution in produc
tion environments. 
When the other rising water 
demands of urbanization 
and industrialization that 
compete with irrigated agri
culture are considered the 
present situation is by all 
measures highly nonsus
tainable and calls for seri
ous reconsideration of 
growth and development 
models based on better un
derstanding of the water re
sources situation and its 
management under the mi
nimum constraints con
ducive to development sus
tainability (Hamdy, Abu 
Zeid and Lacirignola, 1994). 
This article is intended to 
clarify some aspects of wa
ter resources management 
that may help along these 
lines. 

tion and intensively exploited resource base. The avail
able renewable water resources are insufficient to meet DEVELOPMENT OF THE WATER RESOURCES SITUATION 

The population of the region increased from 49.5 mil
lions in 1955 to 118.1 millions in 1990 and it is expect
ed to reach more than 188 millions by the year 2025 (*) Alfateh University, P.O. Box 91176, Oat AI Imad, Tripoli, Libya. 
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(UNPD, 1994). The total annual renewable fresh water 
supplies available in the region has been estimated at 
the ftxed rate of 113.1 cubic kilometers per year (PAl, 
1995). According to these figures, the regional annual 
average per capita water availability has been reduced 
from 2285 cubic meters in 1955 to 958 cubic meters in 
1990 and is expected to reach 602 cubic meters by the 
year 2025. Thus the whole region is already experienc
ing water scarcity that is getting severer with time. As 
indicated in tables 1 and 2, however, these regional av
erages mask the spatial variability of the severity of wa
ter scarcity on a country by country basis. Even within 
the same country water availability varies widely from 
one location to another. This fact implies that any 
meaningful water resources management strategies 
should be based on the full understanding of the hy
drological components and their interrelationships at 
the separate water basin levels in the region. These wa
ter basins vary in size and water resources volume from 
the huge Nile basin in Egypt to the smallest Wadi and 
valley plain in North Africa. Their hydrological proper
ties, which are briefly discussed below, are similar and 
the principles of any well formulated integrated water 
resources management for sustainable irrigation and 
pollution control can be applied to them all. 

WATER BASINS AS MANAGEMENT UNITS 

A water basin, whether it is a huge river valley or a 
small desert oasis, is a hydrological unit surrounded by 
physical boundaries either geographically or hydrogeo-

Table 1 Total renewable available water supplies and population 
distribution in the Southern Mediterranean region. 

Country Water supply Population (millions) 
(km3/year) 1955 1990 2025 

Egypt 58.9 24.7 56.3 87.1 
Morocco 28.0 10.1 24.3 36.3 
Algeria 17.2 9.7 24.9 40.4 
Tunisia 4.4 3.9 8.1 11.8 
Libya 4.6 1.1 4.5 12.4 
Total 113.1 49.5 118.1 188.0 

Source: UNPD (1994). 

Table 2 Per capita renewable water availability in the Southern 
Mediterranean region. 

Country Per capita water availability (m3/year) 
1955 1990 2025 

Egypt 2.385 1.046 676 
Morocco 2.764 1.151 770 
Algeria 1.770 690 426 
Tunisia 1.130 540 369 
Libya 4.103 1.017 332 
Regional Average 2.285 958 602 

Source: PAl (1995). 
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logically imposed or arbitrarily selected to facilitate 
management. The general hydrological equation of 
each water basin can be expressed as 
1-0 = ~S (1) 
Where I is the total annual inputs of water supplies; 0 
is the total annual outputs of water leaving the basin 
and ~S is the change in storage within the basin. The in
puts are composed of annual precipitation, surface and 
subsurface water flows into the basin and any water di
version or seawater desalting. The outputs essentially 
include water losses by evapotranspiration, surface and 
subsurface flows outside the basin boundaries and sur
face and subsurface waters polluted by the accumula
tion of salts and toxic substances to concentration lev
els precluding their beneficial uses. 
It must be realized that the annual rate of inputs on re
newable basis within a given basin are fixed. Thus any 
attempt towards satisfying, even partially, the increasing 
food demands of an ever exploding population growth 
through expanding irrigated agriculture, which repre
sents 80% of total water consumption at the present 
time, will eventually lead to imbalances in equation (1) 
and can be achieved only on the expense of storage in 
the local groundwater aquifers and More use of poor 
quality water, possibly through capturing and recycling 
drainage water flows and treated sewage effluent. 
When all the renewable inputs are used up and no wa
ter leaves the basin or the water quality of the outflow, 
if there is any left, has been deteriorated to the extent 
where they become nonusable for any purpose, the 
water basin becomes permanently closed. Several water 
basins in the region have already reached this stage. 
But since irrigated agriculture in the mostly arid and se
mi arid climates of the region, where the Pluvio-Evapo
transpiratory ratio (p/PEn is very low and rarely ex
ceeds 0.25, is essentially a high intensity evaporator, the 
accumulation rates of salts and other pollutants in the 
production environment are relatively high and must be 
contained within tolerable limits if sustainable irrigation 
in particular and the development process in general 
are to be maintained. 
Assuming equilibrium salt precipitation and dissolution 
by chemical processes and negligible salt uptake and 
removal by biological activities within a water basin the 
general salt balance equation can be expressed in its 
simplest form as 
(I) (CO - (0) (Co) = ~SS (2) 
where (CO is the average salt concentration of the total 
annual inputs entering the basin (I), (Co) is the average 
salt concentration of the annual outflows leaving the 
basin (0), and (~SS) is the change in salt storage with
in the basin boundaries. 
Equation (2) is presented here to illustrate several 
points upon which management strategies may be 
based. First, salts and pollutants will continue to accu
mulate in the production environment of the whole 
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basin or in irrigated lands as long as the outflow rates 
leaving these environments are insufficient to remove 
the added salts accumulating through the process of 
evapotranspiration. Secondly, as a water basin becomes 
closed or approaches closure the dissolved salts and 
pollutants contained in the water supplies used within 
the basin as a .whole or consumed by irrigated agricul
ture will accumulate in the basin or in irrigated lands 
and eventually lead to an environmentally destructive 
non sustainable situation that is technically difficult and 
economically expensive to ameliorate. Thirdly, to 
achieve development sustainability within the basin at 
any level of acceptable salt content and pollution load 
in the environment equation (2) becomes 
(I) (CO = (0) (Co) (3) 
implying that a certain percentage of the water inputs 
utilized within the basin must leave it with drainage 
outflows. This percentage is determined by the mini
mum salt concentration and pollution load that is ac
ceptable within the production environments. It can be 
estimated from equation (3) as: 
(0) / (I) = (CO / (Co) (4) 
This concept has been widely used in irrigation science 
to control salinity and is known as the leaching fraction. 

THE JEFARA WATER BASIN AS A CASE STUDY 

The northwestern part of Libya, known as the Jefara 
plain is the most advanced economic region in the 
country and contains more than half of the total popu
lation. The plain is physically isolated by the western 
mountain range from the south and east, the Tunisian 
border from the west and the Mediterranean sea from 
the north. It has been always considered and treated as 
a separate and independent water basin. It is intro
duced here as an illustrative example of the extreme 
cases of water scarcity development in the Southern 
Mediterranean region of North Africa. Its hydrological 
development reflects the basic ideas discussed in the 
previous sections in relation to sustainable irrigation 
and environmental pollution within water basins. 
The total renewable available water supplies in the Je
fara basin are limited to 250 million cubic meters per 
year. The historical development of water uses in the 
basin is presented in table 3 which clearly indicates the 
widening gab between the rates of renewal and water 
use. The hydrological situation in the basin has been 
dramatically changed from a surplus of 160 million cu
bic meters per year during 1952 to a water deficit of 
more than 750 cubic meters per year during 1992. This 
is not surprising, however, where the renewable avail
able water supplies per capita are limited to 125 cubic 
meters per year at the present population estimate in 
the basin. 
The deficit has been met by pumping from groundwa
ter storage with disastrous environmental impacts that 
has been reflected in declining piezometric levels, sea-
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Table 3 Historical development of water use in the Jefara 
basin (mill/on m'/year). 

Water use Year 
1952 1959 1972 1975 1992 

Agricultural use 80 195 313 475 802 
Municipal and industrial use 10 15 65 92 200 
Total 90 210 378 567 1,002 

Source: GWA (1994). 

water intrusions along the coastal areas, deteriorating 
water quality, soil salinization, reduced agricultural pro
ductivity and diminishing biodiversity (Alghariani, 
1988). 
Ever since the basin became closed during 1965 
drainage water outflows have been reversed into sub
surface inflows of seawater leading to the contamina
tion of the local aquifers and increased salinity. By the 
late seventies it was realized that to sustain irrigated 
agriculture and other socio-economic activities in the 
Jefara basin it should be immediately reopened by wa
ter importation from other water abundance regions in 
the country or through the introduction and develop
ment of an extensive seawater desalting technology. 
Comparative studies of the technical and economic fea
sibilities of both alternatives indicated clear advantages 
of water transfer from the southern extensive ground
water aquifers over sea water desalting. Hence the idea 
of the Great Man- made River project (GMR) was con
ceived and implemented. In addition to ameliorating 
the water shortage situation and correcting the negative 
environmental impacts in the Jefara basin the project 
will serve other water deficit basins along the Mediter
ranean coast, especially around the Gulf of Sirte and the 
Benghazi area. The Jefara basin will eventually receive 
a total flow of no less than 800 million cubic meters per 
year at a total cost of 0.34 US Dollars per cubic meter to 
the users gate. This flow rate is sufficient to face the 
present water deficit in the basin but inadequate to 
achieve long term sustainability at the present econom
ic and demographic growth rates unless combined with 
other measures of water savings and alternative devel
opment models. These measures and their effective im
plementation are intensively studied at the present time. 

FUTURE PROSPECfS 

Sustainable water resources management in general 
and sustainable irrigation in particular imply the three 
basic principles of achieving equity, economic efficien
cy and environmental integrity. To realize these objec
tives in the face of increasing water scarcity and rising 
demand for water use the countries of the Southern 
Mediterranean region must establish water management 
strategies oriented towards doing more with less. But 
up to a limit. Several of these measures had been e1ab-
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oraled in the literarure ( Biswas, 1992; Hamdy, Abu Ze id 
and LacirignoJa , ] 994). Two of these strategies wi ll be 
brieny d iscussed in the rema ining section o f th is article. 

I NCREASING WATER USE EFFICIENCY (\XfUE) 

The concept of WUE is h igh ly controversia l and ca n be 
clarified only according to ones perspective with in the 
context of several interrelated factors. \'(lhen generally 
defined as the tota l benefits (material goods, services, 
or financial returns, etc.) produced by each unit of wa
ter consumed, it can be directly linked to demand wa
ter management, opportunity cost of water uses, com
parat ive product ion advantages and other macroeco
nomic manipulations. In irrigated agriculture, however, 
its use has been directl y related to irrigation efficiency 
when water is the on ly factor lim iting crop producl ion. 
Under th is condi tion any water managemenr practice 
that increases irriga tion efficiency tends to increase 
WUE. But any improvement of irrigation efficiency, as 
defined in terms of the waleI' actually consu med by 
crop p lants exp ressed as a percentage of the to tal 
amount of water d iverted for irrigation, w ill depend on 
the hydrologica l conditions of the wareI' basin. If the 
water losses due to low irrigation efficiency are ,vasted 
basin Outnows o f acceptable quality then any loca l im
provement o f irrigation efficiency within the basin wi ll 
tend to increase WUE al the basin level. But if the wast
ed outflows are recaptured and reused within the basin, 
as it is most likely to happen in closed \vater basins, any 
local improvements in irriga tion and \X1UE are only ap
parem gains while the overall basin efficiency remains 
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the sa me. In this case loca l improvements can only be 
achieved on the expense o f water sho rtages in other lo
cations. Th is po int was discussed mo re extenSively by 
Scckler Cl 996). 
WUE and i rr igation effiC iency should be optimized 
w ithin the constraints of achieving the maximulll po
tenl ia l y ield of crop plants and maintaining the mini
mum bas in outnows required by the envi ronmentally 
acceptable salt balance as indicated by equalion (4). 
Precaulion;IJY measures should be taken against deficil 
irriga tion and the urgent ca lls recently made for the in
troduction and expansion of supplenlentary irrigation 
w ith its correlates of crop wareI' deficiencies and soil 
sa linization. 
The highest priori ty has to be given to realizing the po
tential crop yields by removing any production con
straints o ther than water. Present crop yields in the re
gion are depressingly low. The WUE of cerea l crops in 
Egypt, for example, is close to 0.5 kilograms per cubic 
meter o f water (H iggins, 1988). Similar figures are ex
pected th roughout the reg ion. I n modern high-input 
syslems o f irriga ted agriculture, it is hoped to obtain 
WUE va lues for cerea l crops approaching '1. 5 kilograms 
per cubic meter. Here lies the potenria l for getting more 
w irh less. 

ECONOM IC AN D SOCIOPOLITI CAL MANIPULATIONS 

In view of the present and expected fuwre water scarci
ties in the region, irrigaled agriculture ca nnor gro\v and 
expand in parallel lines w ith rhe demand for food by an 
increasing populario n. When the other projected rising 
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demands o f urbaniza t.ion and indus
trialization are considered irrigated 
agriculture ca nnot be sustained 
even at its present level of produc
tion if new water resources by im
poItation or desa lting are not devel
oped. 
The future concerns of water man
agement w ill be most likely related 
to allocation problems of the limited 
ava ilable water supplies. The eco
nomic and sociopolitical challenges 
are enormous bur not insurmount
able. The opportunity cost of water 
in the competing sectors for water 
use should be o ne of the guiding 
criteria For water allocation. Subsi
dies must be limited to the mini
mum equity requirements for the 
poor and unpriv iliged. Water pric
ing and water rights systems should 
change the conception of water 
supplies fro m water as a common 
pool resource to water as an eco
nomic commod ity in the market 
place. Irriga ted agriculture wi ll cer-
tainly be a looser under these institutiona l arrange
ments, but irrigation does not have to be necessa ril y 
expanded or even maintained at its present level as 
long as the water supplies reallocated from the agricul
rural sector to the other sectors produce economic ac
tivities for the population and sufficient financia l re
turns for food imp0Itation from the international mar
kets. Agriculture may be restricted to crops of relatively 
high and competitive comparative production advan
tages at the global level. 
The present trends o f pursuing the mirages o f food se
curity and self suffic iency through the government 
sponsored irrigation projects of the green revo lution 
and the lavish provision of subsidies to the priva te sec
tor are major contributors to the present crisis. These 
trends must be reversed by reorienting the present so
cioeconomic systems towards privatization and the in
troduction and encouragement of other development 
models such as commerce, light industr ies and tourism 
that use less water with more econolnic returns. The ge
ographic location and the favorable climate o f the re
gion are both conducive to these activities. Sustainable 
development is a holistic approach that can be rea lized 
through several options and alternatives. It should not 
be restricted, however, to a Single economic aCliviry on 
the expense o f the socioeconomic system as a w hole. 

CONCLUDI G REMARKS 

The Southern Mediterranean Region w ill be facing se
vere water crisis in the near future. The fast develop-

ment o f water scarcity during the 
last foIt)' years has been enhanced 
by population expl OS ion, unbal
anced growth and poor resource 
management. Most o f the water 
basins in the region have reached 
the closed hydrologica l system state 
with increasingly deteriorating wa
ter qualities, soil salinization and 
environmental po ll ution. Sustain
able irrigated agriculture and other 
socioeconomic activities are appar
ently unattainable under these con
ditions. Sustainability can be 
achieved only through reopening of 
the closed water basins by fresh wa
ter impoItation o r sea water desa lt
ing. Where these options are not 
technica lly and economica lly feaSi
ble the only o ther alternative is the 
implen1entarion of wareI' conserva
tion measu res a nd socioeconomic 
manipulations lead ing to more effi
cient uses o f the limited avai lable 
water resources. Hard decisions 
have to be immediately taken since 

the presently deteriorating situati on ca nnot wa it any 
longer. I~eorientation of the present socioeconomic ac
tiviti es may be needed. Population growth must be 
checked. 
Regiona l and global economic integration shou ld be 
considered . The implementation o f these measures re
quires extensive preparation in terms o f financial re
sources, instirutional arrangements and building the 
technica l and administrative capacities through educa
tional and training programs capable to dea l w ith the 
expected challenges. • 
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