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Abstract 

Several coastal and inland aquifers in Tunisia are examined for their hydrogeological and 
hydrochemical conditions of their critical role in water resources. First, we observed the general 
deterioration of water quality in aquifers in the last several decades. The main problem is 
salinization of freshwater. By the available hydrogeological and hydrochemical information, the 
sources of salinization are identified. Measures for combating the long-term threat of water 
resources are suggested.  

1 INTRODUCTION 
Water is a finite resource and it is becoming a scarce commodity in many parts of 

the world. Competition among agriculture, industry and cities for limited water supplies 
is a constraining factor for economic development in many countries, including Tunisia. 
Despite water shortages that are already acute, misuse of water is still widespread. In 
North African countries bordering the Mediterranean, agriculture is an important part of 
the economy and uses a large amount of water. In Tunisia, agriculture usage accounts for 
about 80 percent of total water demands and a large amount of it is poorly used. It is 
considered to be the sector where the largest volume of water can be saved through better 
practices.  

Tunisia borders Libya in the southeast, Algeria in the west, and has a shoreline on 
the Mediterranean to the north and east (Figure 1). Tunisia's land area is of 164,000 km2, 
its coastline totals 1,300 km, and its average altitude is 700 m with its highest point at the 
Jebel Châambi (1,540 m). Tunisia and other North African countries share many common 
features in terms of climate, water and land resources, and development issues. These 
include arid and semi-arid climate, limited water resources, agricultural development 
limited by water availability, and high economic and social value of water. 

The climate of Tunisia is Mediterranean, ranging from humid in the extreme north 
to desert-type in the extreme south. These climatic and geomorphologic characteristics 
define three major agro-ecological zones in Tunisia: 



 

Figure 1: Geographical location of Tunisia and its coastal aquifers. 

• The North constitutes a sylva-agricultural region (mainly forests and annual 
crops). Its average annual rainfall is between 400-600 mm and its main 
topographic features are mountain pasturelands in the northwest and fertile plains 
in the northeast. 

• The Center constitutes an agro-pastoral region (pasturelands and crops). Its 
average annual rainfall is between 200-400 mm, and its morphology is composed 
of a low steppe to the east with fertile plains interrupted by depressions, and a 
high steppe with mountain pasturelands and plains. 

• The South with irregular rainfall of 100-200 mm per year is characterized by its 
aridity and vulnerability of its soils to desertification. This area is pastoral with 
oases around water points. 

2 WATER RESOURCES 
Tunisia's geographical location, bordering the Mediterranean on the east and north and 
stretching to the Sahara in the south, gives it a diverse climate. The climate varies from 
Mediterranean to semi-arid and arid, from humid in the extreme North to desert-type in 
the extreme south. The water resources characteristics also define three major agro-
ecological zones: 

• The humid and sub-humid bioclimatic zones in the northwest, where rainfall is 
sufficient (600 to 1,200 mm/year), account for only 6.6 % of the Tunisian 
territory. 

 



Year 1970 1975 1980 1985 1990 1995 

Surface water 

Shallow aquifers 

Deep aquifers 

2.3

0.2

0.6

2.4

0.3

0.9

2.6

0.5

1.0

2.6

0.6

1.1

2.7 

0.6 

1.1 

2.7 

0.7 

1.2 

Total (billion m3) 3.1 3.7 4.1 4.3 4.5 4.6 

Table 1: Inventory of water resources distribution in Tunisia (in billion m3) 

• The semi-arid zones extending over the mountainous regions of Tell, the Dorsal, 
and the North East have moderate rainfall (400 to 600 mm/yr) and occupy 16.4 % 
of the country. This and the above rainy areas constitute the water reservoir of 
Tunisia for surface water. 

• The rest of the country (77 %), comprising Central and Southern Tunisia, are arid 
or desert areas where average rainfall varies from 400 mm/year to less than 100 
mm/year. As these zones are sufficiently arid and generally have permeable soils 
and little topographic variation, surface rainwater available for use is virtually 
non-existent, and is stored below ground to form aquifers. 

 Total rainfall and distribution is highly variable from year to year and from the North 
to the South. Average annual rainfall is around 594 mm in the North, 289 mm in the 
Center, and 156 mm in the South. Or, it ranges from 1,500 mm in the extreme North to 
less than 100 mm in the extreme South. The annual evaporation varies between 1,300 
mm in the North to about 2,500 mm and even more in the South [Zebidi, 1990]. 

Increased water needs caused by economic and social development have led 
Tunisia to begin an effort to keep a more precise inventory of its valuable water resources 
and to put in place a infrastructure system for collecting and transferring water. The 
global potential of water resources in Tunisia is about 4.6 billion m3, of which 2.7 billion 
m3 is from surface water and about 2 billion m3 from groundwater [Ministry of 
Agriculture, 1998]. The revised water resources inventory from 1970 to 1995 is listed in 
Table 1.   

Water resources are unevenly distributed across the country with around 60% 
located in the North, 18% in the Center, and 22% in the South. The water resources that 
have a salinity of less than 1.5 g/l are distributed as follows: 72% in surface water 
resources, 8% in shallow groundwater, and 20% in deep groundwater. 

Rainfall throughout the country is equivalent to an average of about 37 billion m3 
per year, or an average of 230 mm. The surface runoff is collected at 81 % in the northern 
basins, 13.7 % in the center and only 5.2 % in the south. The major basins in the North 
are the Medjerdah Basin, of the extreme North, and the Oued Miliane. Most dams are 
constructed on these Oueds (16 units). In the Center, three dams have been built on the 
Zeroud, Merguellil and Nebhana Oueds [Kallel, 1995]. Surface water is of great 
importance to agricultural development because it irrigates nearly 131,500 hectares of 
land.
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Figure 2: Water resources classification according to salinity levels. 

The salinity problem, which limits the use of water, is less acute for surface water 
than for groundwater. Figure 2 shows a detailed classification of water resources in 
Tunisia according to their salinity level [Mamou, 1993]. 

The renewable yield of shallow aquifers (depth < 50 m) is estimated to be at 670 
million m3 and that of deep aquifers (depth > 50 m) is at 1,188 million m3. The current 
maximum extraction limits are set at 700 million m3 for the shallow and 930 million m3 
for the deep aquifers [DRGE, 1997a].  Underground water reserves are very important in 
the South; especially deep aquifers represent 44.7% of the groundwater total, of which 
33% of the total, or 605 million m3, are fossil reserves [DGRE, 1997b]. 

Groundwater resources are vulnerable to various types of pollution and 
deterioration. The loss of groundwater to pollution further adds to the problem of its 
scarcity. Quality of groundwater is affected by the salinity level as detailed in Figure 2. 
Shallow aquifers are already over-tapped and have the most salinity problem. 
Groundwater resources in coastal aquifers (Cap Bon, Sahel, and Gulf of Gabes) and in 
the chotts (Nefzaoua and Jerid) suffer from salinization problems due to seawater or 
saline water intrusion. Pollution of some shallow aquifers by nitrates also constitutes a 
major risk for domestic water demands. Generally speaking, the water composition in 
deep aquifers is rather stable over the years, while that in shallow aquifers is dependent 
on the location and the season. The majority of the shallow aquifers are located in the 
North and the Center, while deep aquifers are mostly concentrated in the South.  

3 COASTAL AQUIFERS OF TUNISIA 
The Tunisian coastline extends for 1,300 km (Figure 1). The coastal zone has 

different width according to the regions, ranging form 20 to 60 km with a total area of 
approximately 40,000 km2. It is characterized by the richness of its natural habitat and the 



diversity of its landscapes. The climate conditions in these zones and the heavily irrigated 
agriculture have led to intensive exploitation of groundwater. This puts the coastal 
aquifers at great risk of seawater intrusion.   

 The coastal plains of Cap Bon, the Sahel, and the Gulf of Gabes have fertile soils 
and contain major aquifers. The coastal planes are well adapted to the intense agriculture 
use. This could be either dry farming with tree crops (olive trees) or irrigated farming 
utilizing water extracted from the aquifers. The coastal resources in water and soil 
conditions were the determining factors for human settlements. When comparing two 
stretches of the coast between Cap-Bon and Sahel, one has fertile soils and freshwater 
aquifers while the other has salty soils and no groundwater resources. The resources of 
the former led to the coastal towns of Cap-Bon, and the lack of resources of the latter 
explains the present lack of urbanization. 

The coastal confined aquifer system provides abundant water in the North and 
moderate amount in the Center and the South. These confined aquifers are connected to 
the Mediterranean Sea. Overexploitation can cause problem of water quantity as well as 
quality problems. These aquifers are subjected to intensive pumping causing large 
drawdown of piezometric head despite the surface recharge. It sometimes causes the 
dewatering of confined aquifer and reduces the production section of wells, consequently 
leading to a decrease in productivity. The decline of hydraulic head also cuts down the 
outflow rate to the sea, causing the invasion of seawater into aquifers. For certain Oueds 
cutting through the aquifers, the decline in piezometric head has turned them from 
effluent to influent streams, losing water to rather than gaining water from the aquifer. 
The Oueds normally play the role of lines of drainage, but in certain cases they have been 
turned into to lines of recharge.  

As opposed to water table aquifers, in which overpumping largely causes local 
depression and limits further withdrawal, in confined aquifers there may exists ample 
amount of water for extraction in the upstream, while downstream near the coast the 
reduction or even the reversal of seaward flow causes seawater to invade inland. This 
phenomenon exists in many locations in the Tunisian coast, from the North to the South. 
The situation is most critical in the Gap-Bon region with large intrusion distance inland. 
Thus, the management of groundwater resources must take the regional point of view 
regulate coastal as well as inland withdrawal in order to control the saltwater intrusion 
problem in the coastal fringes.  

The management of aquifers requires hydrogeological as well as hydrochemical 
monitoring. It is important to understand not only the recharge from surface water, but 
also the interaction between aquifers through leakage. The observation of piezometric 
head as well as the chemical contents is important in the understanding of aquifer 
response in order to predict its future evolution. 

 Shallow wells and deep piezometers are needed to form a network to monitor the 
water table and the confined aquifers. These wells are not always available; hence some 
of the deteriorating production wells should be turned into monitoring wells. These wells 
should not be pumped for production purposes, hence the conversion is possible only if 
there exist other means of producing water by the farmers (drilling another well or water 
conveyance).  



 

Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Well 0.52 0.39 0.15 0.03 0.1 2.05 2.35 2.55 2.86

Basins 2.47 1.7 2.06 0.34 2.44 2.87 2.99 2.02 1.85

Bed Oueds 20.37 31.84 40.66 58.61 61.45 23.82 25.63 22.36 18.56

Total 23.36 33.95 42.87 59.08 64.09 28.74 30.97 26.93 23.27

Table 2: Artificial replenishment of Tunisian aquifer (millions m3). 

Continuous monitoring of piezometric head and salinity is essential for a good 
management practice. Not only it can provide an early warning system in the event of 
overexploitation or saltwater intrusion, but also it can be used as a tool for prediction. 
The time history of decline of piezometric head can be projected for the long-term trend, 
and the evolution of chemical concentration contour lines can help establish the 
salinization cause and the trend.  

Artificial replenishment of the water table aquifer is an established practice in 
Tunisia and it paves the way for sustainable use of groundwater resources. Table 2 shows 
the amount of replenishment through the various practices. The replenishment is carried 
out using a broad range of techniques to optimize the local conditions of the site of 
injection. The recharge takes place in the beds of wadis, in artificial basins specially 
prepared for this purpose, and through drilled wells, etc.  The spreading of water along 
the permeable sections of the beds of Oueds remains the most efficient technique.  
Indeed, this method accounts for almost 70 % of the recharged water in Tunisia [Mamou, 
2000]. However, there is still progress to be made with respect to the optimal use of 
existing technologies and the adoption of new technologies.  

In the sections to follow, we shall review the three principle aquifer units located 
in the North, the Center and the South of Tunisia. 

4 NORTH AQUIFER OF TUNISIA (CAP-BON) 
 The plain of the eastern coast of Cap-Bon has a surface area of 430 km2 (Figure 
3). It is in the form of a band opening to the sea with a face of 50 km long and extends 
inland for about 8 km. The aquifers are generally represented by sand formations and 
sandstone of Quaternary age resting on a series of thick clay of Pliocene age.  The 
groundwater has a natural gradient flowing out to the sea, and is fed by direct infiltration 
from precipitation (440 mm/yr) and also by the streams. These recharges are being 
exceeded by the current rate of exploitation, which is of the order of 19 million m3/yr. 
Indeed, an invasion of seawater into the groundwater system is observed in the 
southwestern of the town of Nabeul, where salinity exceeds 7 g/l in a wide zone and 
reaches 10 g/l in a few places, causing the abandonment of some wells. In the case of the 
littoral aquifers bordering on the sebkhas, the overexploitation has tipped the historical 
balance between fresh groundwater and seawater and evidences of saltwater intrusion are  
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Figure 3. Piezometric head and Salinity of the Cap-Bon aquifer (1963-2000)
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abundant. The Cap-Bon area therefore needs to switch to surface water for irrigation and 
to spread out the groundwater extraction pattern to a wider region to avoid attracting 
seawater intrusion.   

 



 The overexploitation of the Cap-Bon aquifer is characterized by the falling of 
piezometric head over a wide region, reducing the outflow rate to the sea, and the 
continuous degradation of the chemical quality of water. Depression cones in various 
places have dropped to 5 to 10 m below sea level (Figure 3), which testifies the inversion 
of the hydraulic gradient and the invasion of seawater. This situation is translated into the 
reduction of well production, particularly the shallow aquifer wells, and the degradation 
of water quality. The salinization along the coast caused the abandonment of 2,873 
shallow aquifer wells and foretells continuous deterioration of groundwater quality in the 
years to come. Presently, once a farmer observe that a well is invaded and has to be 
abandoned, he simply proceeds to dig another farther inland to produce better quality 
water. By this continuation, the salinization is extended over the whole zone with time.  
Nevertheless, certain wells remain in good quality and live up to their old fame being 
called Birr El Hilou (wells with very soft water). 

 As observed in Figure 3, the dropping of water table has reduced the phreatic 
aquifer thickness that can be used for well production. On the quality level, this aquifer 
has recorded in recent years an increase in salinization and has reached an alarming level 
in certain places. In 1963 the highest level of salinity was between 3 to 5 g/l [Jemai, 
1998]; in 2000, the salinity has reached as high as 7 g/l in coastal zones and on the 
average for the whole area 4 g/l. Impact of this increase in salinity is felt more and more 
as the number of abandoned wells keeps on growing. The agriculture output is being 
impacted and the damage to the top soil may have taken place. 

 The risk of wells being contaminated increased significantly between 1963 and 
2000.  Indeed, 95% of the wells sampled in 1963 presented a low risk for irrigation; in 
2000 this number dropped to 65%. Wells presenting a high risk practically did not exist 
in 1963; currently water from approximately 11% of the sampled wells presents such a 
high risk for use in irrigation. 

 Several hydrochemical investigations (classification of MOOR, BREUCK and 
TUYEZAND) have been conducted [Jemai, 1998]; they confirm that the aquifer is prone 
of the high risks of salinization. This salinization process has primarily three origins: 

• First is of geological origin (Figure 4).  The overexploitation of this aquifer makes the 
deeper and saltier groundwater to rise. Generally, salinity increases with depth (or 
residence time), which has been systematically observed. This zone is influence by 
the geological conditions of the formation and also by the climate conditions.  
Salinity is due to the spontaneous and progressive disintegration of rocks, minerals, 
and other materials present during the process of formation of the ground. The 
principal reagents are atmospheric water, oxygen, and carbon dioxide. Organic 
matters are used as reducing agent that produces acid playing the role of catalyst in 
dissolution. 

• Second is due of seawater intrusion. Indeed, this source of salinization is of much 
greater extent in coastal zones. Overexploitation of the aquifer causes to the direct 
invasion seawater, which is mixed with the freshwater in the aquifer and reduces its 
quality. 



Depth

Salinity

active circulation 

(fresh water carbonated)

slowed down circulation 

(saumatre water sulfated chloride)

very slowed down circulation
(salt water chloride)

 
Figure 4: Vertical zones of salinity. 

• Third is due of the salts concentration in the agriculture return flow. The irrigated 
water may be of surface or groundwater origin. The salt concentration is increased 
from its initial value due to evapotranspiration.  

• Other sources include the lowering of water table forcing the infiltrated water to 
travel a larger distance through the soil, which will also increase salt concentration, 
and the presence of biogenic salts in the formation.  

5 CENTER AQUIFER OF TUNISIA (SAHEL) 
 In the coastal Sahel, the area of Teboulba is the seat of an irrigated culture that for 
many years has been highly profitable.  This culture uses the water pumped from 
underground through more than 1,000 wells. This intensive exploitation was the origin of 
seawater intrusion and contamination of groundwater. The groundwater basin of 
Teboulba covers approximately 35 km2, stretching between the sea in northeast and the 
sebkha of Moknine (Figure 5); altitude does not exceed 30 m.  It is contained in a series 
of sandy intercalations with dominant argillaceous allotted to the Quaternary age. The 
thickness of the aquifer does not exceed 90 m.  

 In 1940 [Nations Unies, 1973], the piezometric head shows, in the area of 
Teboulba, a concentric contour centered on the intensively exploited area, with 
piezometric levels locate below the sea level. This phenomenon continued and worsened 
with time. In 1971 (Figure 5), a vast cone of depression developed in the center that is 
-30 m with respect to sea level, –5 m in the edge of sea, and –10 m along the sebhka. 
The salinity map in Figure 5 shows that the aquifer of interest, defined as salinity level 
below 3 g/l, is located to the west of Teboulba. Thirty years later, a notable reduction of 
this freshwater zone has resulted from contamination starting from the sea and the 
sebkha. Nowadays very little of the freshwater zone has survived.  



  

Figure 5. Salinity and Piezometric head of the Sahel aquifer
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 The recharge of this aquifer comes from the infiltration of rainwater, which was 
evaluated to be 0.65 million m3/yr, assuming an infiltration coefficient of 5% and an 
annual runoff of 375 mm. The current exploitation is carried out by 250 wells of which 
about thirty are equipped with motor-driven pumps, extracting about 1.1 Mm3/yr.  

6 SOUTH AQUIFER OF TUNISIA (GULF OF GABES) 

 One calls Djefara the coastal plain of the Tunisian South, which extends between 
Gabes and the Libyan border, including the island of Djerba (Figure 6). This coastal plain 
corresponds to a furrowed depression in the northern edge of the African Continent, 
limited by faults, forming a structure in Horsts and Grabens. So the Djeffara aquifer 
system consists of a series of aquifers of different ages and lithology; this distinguishes 
the aquifer system from that of the North. Some detail is give below: 

• In the north of Gabes, there is a sandy aquifer belonging to Mio-Pliocene, on the 
average 50 to 100 m thick, and becoming more significant under the sea. 

• Between Gabes and Mareth, the aquifer is represented by the calcareous unit of lower 
Senonnien, very eroded in the edge of sea, reaching 100 to 200 m at the edge of the 
sea. 



Figure 6. The Gulf of Gabes aquifer
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• In the southeast of Mareth, including the island of Djerba, sands are covered by 

gypsum of Mio-Pliocene; the thickness is generally more than 200 m reaching 300 m 
in places. 

 The overall groundwater temperature is 25°C and salinity is around 3 g/l except in 
the southeast, where it reaches 7 g/l (Figure 6). The replenishment of the Djeffara aquifer 
is primarily from the large Continental Guide aquifer, also called Septentrional Sahara 
aquifer, through the connection created by the great fault of El Hamma in the northwest 
of the aquifer. It also receives recharge by local infiltration on the permeable outcrops of 
the aquifer in the west. 

 The general freshwater flow direction is towards the sea, with saltwater and 
freshwater contacts extending several tens of kilometers of the coast. The Djeffara 
aquifer is exploited from springs, artesian wells and pumped wells (140 drillings).  

7 CONCLUSION 

 Form the above study, it is clear that the coastal aquifers of Tunisia are generally 
overexploited. The degree of deterioration in terms of the decline in piezometric head and 
the contamination of groundwater by salt varies depending on the geographical locations 
and geological configurations. This means that the methods used for optimal utilization 
and control groundwater will be different from case to case. Initially, however, the need 
for the installation of a monitoring well network for the observation of piezometric head 
and water quality is uniformly high, and the capital investment will be well justified.  



 The deployment of these piezometers should be made along the edge of the sea as 
a warning system for drop in piezometric head and the invasion of saltwater. The 
piezometers should be multistage in order to sample head in different aquifers and 
salinity concentration at different depths. Some observation wells should also be 
strategically deployed inland as what is happening inland will affect the coastal saltwater 
intrusion. By continuously monitor the head and the water quality, it will be possible to 
detect some long-term trends and to devise strategies to combat the loss of freshwater 
resources.    

 For more precise knowledge of future trend and the ability to simulate different 
water management scenarios, computer modeling will be needed. To model the aquifers, 
data will be needed to calibrate and validate the data set and the prediction. These will 
require an even denser well network for a period of time. Once the computer model is 
validated, the future prediction cost will be much reduced. This will be the goal for the 
second stage of aquifer protection in the vital coastal regions of Tunisia.  
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