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ABSTRACT 
 
            The coastal aquifer of Guzelyurt in Cyprus, being the main potable water sources 
of the area, is threatened by the sea water encroachment, which is the general destiny of 
the island. The water extracted from the aquifer is mainly used for the irrigation of citrus 
fruits plantation, being one of the basic export of the country, that is very sensitive to salt 
tolerance, so the productivity and the fruit bearing capacity of the trees directly influence 
the economy. Therefore, the amount of water that is utilized continuously within the area 
is calculated through the available seasonal 20 years data of more than 90 wells with the 
help of the volumetric (3D) approach. The water balance and the salt balance equations 
are integrated both in space and time. The inverse methodology is used for the 
determination of poorly known terms. The variation contours showing the water table 
levels and the concentration of NaCl have been drawn. The available freshwater volume 
within the aquifer and its remaining lifetime is roughly estimated. Hence, based on that, 
50 years future data is extrapolated. To improve the available aquifers� management, 
appropriate precautions and possible rehabilitation scenarios coupled with their estimated 
water level for different periods of time are all estimated up to the year 2050. 
 
INTRODUCTION 
 

            Underground water resources, being naturally protected by a variety of earth strata 
against evaporation and contamination, need hardly any expense for treatment and plays 
an important role in supply of water mainly for human consumption. In most arid and 
semi-arid countries, it is the only source of supply for municipal, industrial and 
agricultural water need. 
    

            Island of Cyprus, is dependent upon ground aquifers too; however, due to lack of 
management the water extraction from the aquifers are presently threatened with the 
pollution of sea water. In fact, theoretically annual precipitation provides enough water for 
the replenishment of the ground sources but for this aquifer is too late. 
 
Characteristics of the site 
 

            The island of Cyprus has a semi-arid Mediterranean character of hot dry summers 
and cool wet winters. The total surface area of the island is 9250 km2, having several 
rivers but few are perennial except at their upper reaches. The precipitated water of the 
two mountains mainly feeds them. These are the low lying Kyrenia range in the North and 
the Troodos range in the Southwest. There are no freshwater lakes. Due political reasons, 
the island is divided into two as North and South. The annual precipitation varies from 
350 � 500 mm at the North occupying nearly 3350 km2 with a population of nearly 
150000 (Turks) and the annual precipitation at the South varies from 550 � 1000 mm, of 
which nearly 5900 km2 of the land with a population of around 600000 (Greeks) live.  
             



 

 

            The water need of the North is mainly met through the coastal Guzelyurt aquifer of 
which its replenishment part is at the South. In fact, Guzelyurt aquifer is the largest and 
most important groundwater reservoir of the whole island. Although its superficial 
catchments� area is 460 km2, only 275 km2 of it is overlapping with the planar area of this 
aquifer of which nearly 180 km2 is in the North side. 
             

            Topographically the aquifer is characterized as slightly sloping coastal plain and 
the land surface in the central part, where the plantation is mainly practiced, has almost 
flat topography. The superficial catchments� area elevation ranges from the sea-level 
along the coast up to 350 m at the mountainous range. The grade of the topography is 
about 1%.  
             

            The aquifer is unconfined, unfractured and is in direct contact with the sea. It rests 
on an impervious base formed by gently undulating marls and thick clay. The thickness 
ranges from 100 m to 45 m. The thicker side is in contact with the sea and is totally under 
the mean sea level. 
             
Importance of the study area 
 

            North Cyprus economy, mainly depends on the cultivation of citrus fruits which is 
practiced over this aquifer (nearly 65 km2). For this reason, over this aquifer, since 1950, 
more than 2000 wells were drilled haphazardly, without any attention to their influences. 
Now 650 wells are currently in use. The pumping center overlaps with the planted area of 
covering nearly 108 km2, and is nearly 9 km away from the coast. Due lack of 
management, although the world standards suggests a figure of 18�25 citrus fruits per 
decare (1000 m2), unfortunately the practice figure is varying from 30�38. The unplanned 
lax situation is persisting and no serious attempt has been made to control plantations of 
trees, limiting/decreasing their numbers, or registering/ 
monitoring/demolishing/controlling of discharge from wells.  
 

            The amount of water extracted from the aquifer is more over than its safe yield 
capacity, hence causes the groundwater level to steadily decline in parallel with both an 
increase in population density and an increase in plantation surface area. The nature of the 
groundwater surface had changed enormously and now become lower than the mean sea 
level thereby giving rise to sea-water intrusion. At present, in some locations, the water 
table level drops 80 m. below mean sea level and the salt water freshwater mixing zone is 
moving inwards and contaminating the aquifer. Recently, up to 3.5 km inland the salt 
concentration at some wells are above 7000 ppm. NaCl.  
             

            Since, up to now, no detailed monitoring and controlling of the wells over the area 
is practiced, the estimated salt water intrusion volume to the aquifer, that is the main 
reason of this aquifers contamination, is not easy to be determined. 
   
SOLUTION METHODOLOGY 
 

            In order to put a stress on the contamination of the aquifer due sea-water intrusion, 
the affected aquifers volume should be determined that makes the need of numerical 
calculations unavoidable. Hence, the volumetric (3D) approach is used where 20 years 
monthly water table levels of 90 wells and their seasonal NaCl concentration were 
gathered. The monthly effective evapo-transpiration rates were obtained through the 
Thornthwaite method. On the other hand, the amount of water used for irrigation of citrus 
fruits was determined by Blanney-Criddle approach where 35 % conveyance loss due wild 
irrigation practice technique is also considered.   
            Assuming the aquifer as a whole to be the control volume, the Reynold�s Transport 
Theorem (that considers the extensive property varies directly with the mass); the Mass-
Balance Equation (Σ Mass In - Σ Mass Out = Σ Change in Mass Storage) is not applicable 



 

 

directly, since all the components of inputs and outputs are not defined clearly. Therefore, 
the amount of water that is utilized within the control volume is calculated with the help of 
volumetric approach through the inverse methodology so as to determine the unknown 
terms. It should also be remembered that, the aquifer is not only varies both in space and 
time but is also non-homogenous and anisotropic. 
 

            Since part of this study, is the estimation of salt water intrusion volume, to 
determine that, the Continuity Equation in integral form for a control volume (which 
assumes the entire aquifer as a Control Volume) is considered; 
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By writing the first term in finite difference form, then the above equation becomes;  
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In terms of salt concentration, with the help of the salt balance equation obtained through 
the Reynold�s Transport approach, the previous equation (3) can be rewritten as: 
          sstttttt VCVCVC =−∆+∆+                                                                                   (4) 
where; 
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Since there is no mass out flow through the Control Surface, hence; 
           ( ) ( )CA.h.VCVC ss ∆η==∆                                                                              (6) 
then the volume of salt water entered into the aquifer is;  
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where; 
sC     : NaCl concentration of the sea-water (ppm); 

tC     : NaCl concentration of the ground water at time t (ppm); 
:C tt ∆+ NaCl concentration of the ground water at time t+∆t (ppm);  

sV   : volume of salt (sea) water entering into the aquifer during the time     interval 
∆t (m3); 

tV     : volume of water in the aquifer at time t (m3); 
:V tt ∆+ volume of water in the aquifer at time t+ ∆t (m3); 

tA     : planar (horizontal) area of water in the aquifer at time t (m2); 
:A tt ∆+ planar (horizontal) area of water in the aquifer at time t+ ∆t (m2); 

h       : average saturated aquifer thickness under consideration (m); 
η       : porosity of the aquifer under consideration. 
 

            Similarly all other components of inputs and outputs are calculated from the basic 
mass balance equation where the effect of infiltration, return of irrigation water, effective 
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precipitation volume are all considered with an appropriate lagging period by considering 
the effect of the groundwater fluctuations as well. 
 
RESULTS 
 

            Once the unknown terms of the mass balance equation is approximated, six 
different extraction (pumping) scenarios were suggested and up to year 2050 the variation 
of saturated aquifers volume in m3 have been determined. Water table and NaCl (iso-
chlorine)  contours of different period of times of the Guzelyurt aquifer is given Figures 1-
8.    
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                  Figure 1: Water table contours of the Guzelyurt aquifer in April 1967 in meters. 
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                  Figure 2: Water table contours of the Guzelyurt aquifer in May 1977 in meters.  
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                     Figure 3: Water table contours of the Guzelyurt aquifer in January 1987 in meters. 
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                Figure 4: Water table contours of the Guzelyurt aquifer in February 1997 in meters. 
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                 Figure 5: NaCl contours of the Guzelyurt aquifer in April 1973 in ppm. 
 

                 

4001000

1000

10
00

Gu
ze

ly
ur

t  
Ba

y

Aquifer Boundary

October 1977

Aquifer Base Contour
 at mean sea level

km

       

                Figure 6: NaCl contours of the Guzelyurt aquifer in October 1977 in ppm.       
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                  Figure 7: NaCl contours of the Guzelyurt aquifer in October 1987 in ppm. 
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                 Figure 8: NaCl contours of the Guzelyurt aquifer in October 1997 in ppm. 
 

            To visualize the effect of several pumping scenarios, the expected variation of the 
Saturated Aquifer Volume in different years was studied. The pumping scenarios are: 

i- assuming the same amount of water will be extracted from the aquifer with no restriction 
or reduction from its present volume value (i.e. 100% extraction; a pessimistic approach); 

ii- assuming the amount of extracted water from the aquifer is reduced by 35% (i.e. 65% 
extraction; considering that the new irrigation methods are partly adopted; initial target of 
the government); 

iii- assuming the amount of extracted water from the aquifer is reduced by 65% (i.e. 35% 
extraction; considering that both the new irrigation methods are all adopted over the area 
and also the planted area is shrinked so that the water extraction is also under control; the 
governments� main target); 



 

 

iv- assuming the amount of extracted water from the aquifer is reduced by 90% (i.e. 10% 
extraction; considering that no extraction from the aquifer is allowed except an 
unavoidable small illegal extractions);  

v- assuming no extraction from the aquifer at all (an optimistic approach); and    
vi- assuming the amount of water extraction from the aquifer is reduced by 80% (i.e. 20% 

extraction; this is the maximum allowed extraction amount for no saturated volume 
variation and ought to be selected by the government as the target for maximum 
extraction). 
 

           The saturated aquifer volume based on the above mentioned scenarios are given in 
Figure 9. 
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        Figure 9: The Expected Variation of the Saturated Aquifer Volume in Different      Years  
based on Different Extraction Scenarios.    

 
            To show the effect of these variations, the water table contours of some of the 
years are also given Figures 10-13. 

 



 

 

G
uz

el
yu

rt 
Ba

y

Aquifer Boundary

December 2005

km

0

-50

-50

 
 

Figure 10: Expected water table contours of the Guzelyurt aquifer in December   2005 
in meters, being the pessimistic approach i.e. case (i). 
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Figure 11: Expected water table contours of the Guzelyurt aquifer in December 2030 
in meters, being the governments� target i.e. case (iii). 
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Figure 12: Expected water table contours of the Guzelyurt aquifer in December 2050 
in meters, being the pessimistic approach i.e. case (i). 
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Figure 13: Expected water table contours of the Guzelyurt aquifer in December 2050 
in meters, being the optimistic approach i.e. case (v). 

 

CONCLUSION 
 

           The primary objective of the basin management is to obtain the maximum quantity of 
water in order to meet the predetermined quality requirements at the least cost. A new approach 
of local or regional water resources management may minimize the effects of increasing salinity 
where the solution will benefit the region in both economic and environmental terms. 

 

           A balanced water budget is needed and must be maintained in order to maximize long-
term as well as immediate benefits through correct and adequate management of this coastal 
aquifer. Hence, it is also recommended that a master plan should be developed with the 
consensus of both sides so as to ensure the maximum benefit from the present water resources 
over the whole island. For the optimal management of the available water resources, an 



 

 

establishment of an integrated automated system making use of satellite data and remote 
sensing techniques should be carried out in order to evaluate hydro-meteorological information. 
This, in fact, requires the construction of an earth station for receiving and processing satellite 
signals with an appropriate data base and information management center for the whole island.  

 

           For the prevention and control of saline water intrusion, it should always be remembered 
that once saline water intrusion occurs, it is difficult to eradicate. Hence, while planning for 
ground water development from fresh water zones overlain or in contact with saline zones, it is 
essential to first decide on the safe limit up to which the interface may be allowed to move, by 
applying suitable formulae depending on the prevailing conditions. Unless this is done in 
advance, one is apt to be complacent because of the slow rate movement of the interface when 
the points of extraction are located far away.  

   
Priorities in Future Water Resources Development of the Area 
 

1) To raise the efficiency of overall water use to the maximum limit by raising the pubic 
awareness about water resource scarcity is the prior. The government plans with policies on 
water pricing through improving the irrigation system by shifting the modern irrigation 
facilities or planting new type of crops which require less amount of water both from quality 
and quantity points of views and even modifying the crop pattern and concentrating on 
winter crops should be studied. Note that the extraction of water from the wells over the 
study area should be controlled and measured and to control the extraction, an aquifer 
utilization law and appropriate obligations have to be installed by both sides. 

2)  The intrusion of salt water cannot be stopped unless the fresh water table is raised above sea 
level. Hence, artificial recharge possibilities must be examined in this area to refill the over 
pumped portions of the aquifer so as to reduce the effect of contamination. In reality it is 
very difficult and very costly to re-establish the previous natural conditions since back-
washing of the aquifer from the salts is not only a time-dependent process but generally is 
assumed to be irreversible. 

3) The existing dams in the area, that were constructed for recharge and irrigation purposes 
have a questionable effect on the aquifer due to siltation. Hence, for the planned ones and for 
those still under construction in the South, the priorities should be revised. Appropriate 
locations should be selected for seepage. It is important to harvest the rainfall water and to 
make full use of torrential streams and flash floods. 

4) The losses through the leaking of the pipe network is about 30% in the North (no information 
is available about the South). This is not a sustainable limit and needs proper reconditioning 
of the whole pipeline system over the island as - renewing the existing aged municipal 
pipeline system hence decreasing transmission losses; and -   implementing new regulations 
to water charges are unavoidable. 

5)  Construction of several small sewage treatment plants near each city, where the treated water 
may be used for irrigation of nearby lands, will be beneficial in the long run. Similarly a 
desalination plant or plants may be a reasonable alternative as well, especially in overcoming 
the drinking water needs. 

6)  Other entities like utilizing some volume of the snow that is available at the peaks of the 
Troodos mountains and obtaining freshwater by melting through the solar energy near the 
foot of the mountains or even transporting water by balloons or through a pipeline system 
from nearby land like Turkey may be some other reasonable solutions that should at least be 
considered to overcome the needs of the domestic and even irrigation water requirement of 
the island. 

7)  To reuse all the possible waste water in the country after implementing guidelines and 
criteria for their utilization based on the quality requirements will add new resources. This 
may decrease the use of the first quality drinking water for irrigation or industrial 
requirements. 



 

 

8)  To use genetic engineering and tissue culture for the development of salt tolerable crops and 
even limiting the citrus fruit plantation areas to the present level or even lower by 
considering the age criteria of the trees will decrease the irrigation water requirements. 
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