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ABSTRACT 

There are many factors which affect the hydrological, geomorphologic and hydrogeological condition of the area. In 
order to better comprehend all processes, a Digital Elevation Model (DEM) was developed based on Geographical In- 
formation System. This latter appears as an essential tool to facilitate the decision support and can provide very impor- 
tant geological information. In fact, the use of the DEM is growing dramatically with the use of the GIS and the im- 
provement of information extracted from elevation data such as mapping of floods, forest areas, erosion, and lineaments. 
The spatial distribution of topographic attributes can often be used as an indirect measure of the spatial variability of 
these processes and allows them to be mapped using relatively simple techniques. The main purpose of this study is to 
model the natural surface of the earth as the most accurate and the most precise. For this end we have tried in this work 
to develop various types of Digital Elevation Models DEM of the Foussana rift in Central Tunisia and to demonstrate 
the role of these models in geological, hydrogeological and hydrological study. The 3D model is also coupled in this 
study with piezometric and hydrochemistry study, so a new information’s plan was mapped by multiple GIS techniques 
like Spatial analysis and interpolation; in order 1) to comprehend the hydrodynamic of the aquifer, 2) to quantify surface 
and subsurface water resources and 3) to generate water management scenarios in the study area. To this end, several 
groundwater samples were collected and analyzed from wells and piezometers. Examining the corresponding physical 
and chemical parameters showed an increase in the concentrations of hydraulic conductivity in the center of the study 
area and it coincided with zones with high nutrient concentration. Recommendations are proposed in this zone.  
 
Keywords: DEM; GIS; Surface Water; Groundwater; Modeling 

1. Introduction 

In recent years, the use of Geographical Information Sys- 
tems (SIG) has increased considerably. Many researches 
were developed in order to represent the effects of three- 
dimensional terrain on the flow processes and the spatial 
variability of hydrologic processes that affected the gen- 
eration of stream flow in the Foussana Basin. 

In particular, the Digital Elevation Model (DEM) is a 
determinant tool in the estimation of the distributed sur- 
face and subsurface characteristics. It can also reflect the 
flow characteristics and demonstrate the control ex- 

erted by topography on the movement of water within the 
landscape and the prediction of these flow characteristics. 

In this study, we tend firstly to present a systematic 
treatment of digital elevation models, topographic and 
hydrographic mapping of Foussana watershed and the 
evolution of its water resources. GIS has allowed us a 
better understanding and effective use of the water cycle 
through the use and processing of contours, optical satel- 
lite images and radar. These maps and images are used 
for the generation of Digital Elevation Models by inter- 
polation techniques and interferometry. 

Mapping and management of accumulation zones of 
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water runoff, drainage networks from DEMs have two 
objectives: on the one hand, the determination of de- 
scriptors topography (slopes, ridges, valleys, etc.), wa- 
tersheds and their hydrologic parameters to map areas for 
runoff collection and their effective use; on the other 
hand, synthetic modeling of the geomorphology of wa- 
tersheds and a better understanding and visualization of 
3D geospatial aquifer levels Mio-Plio-Quaternary Fous- 
sana gap. This model can also predict the response of 
watershed and aquifer system to rainfall events and un- 
derstand the evolution over time of its flow characteris- 
tics and quantification of water resources of Foussana 
basin. This is to direct future water management projects. 

2. Presentation of the Study Area 

The study area is located in the foreland of the Alps, in the 
western part of central Tunisia at the Tunisian Atlas [1]. It 
is limited in the East by Kasserine region; by Algeria in 
the west, by Sidi Bouzid region in the south and by Siliana 
region in the North. 

This sector is characterized by a collapse basin due to 
tectonic phenomena essentially distensive phenomena in 
the bounding of this basin [2]. 

This basin is surrounded by folded structures, Jebel 
Semmama, Jebel Biréno, Jebel Hamra in the West [3], and 
Jebel Chambi in the East [4] (Figure 1). 

The main outcrop that marks the watershed of Foussana 
is the quaternary alluvium which is surrounded by Cre- 
taceous reef of deposits covering fold mountains bound- 
ing [5-8]. 

The Foussana watershed represents a part of the large 
set of hydrological Zroud Oued. This basin has a rela- 
tively streams, the most important is the Oued El Hatob 
which crosses the basin along its entire length and thus 
constitutes the main drain of this basin (Figure 2). 

3. Methodology and Tools 

DEM is a digital representation of the surface elevations 
[9]. It allows the evaluation of the altitude at any point. 
This assessment is based on an extrapolation of contours 
whose principle constituents are: the level lines are ini- 
tially treated as a set of points, which each point is de- 
fined with an attribute elevation of the curve from which 
it comes. Then, by interpolation it is possible to deter- 
mine the end of the altitude values between these points. 

The interpolation is a way to generate information in 
zones which have no information about it [10]. It is the 
largest operation in the production of Digital Elevation 
Model. It determines, after a series of known values, the 
estimation of additional data in areas not sampled. This 
result is provided by the calculation and not by the ob- 
servation. 

According to Laurini (1991) [11], the Digital Eleva-

tion Model is the set of procedures to calculate the eleva- 
tion (Z) of a point based on the neighboring points stored 
in a database. 

For Aronoff (1993) [12], a Digital Elevation Model is 
defined as a set of locally distributed altimeter measure- 
ments over land surface, used for the analysis of the to- 
pographic surface. 

The data needed to build a DEM can be derived from a 
variety of sources such as [13]: 
 Measures of topography of land using the GPS, 
 Scanning and digitizing topographic maps, 
 Aerial photography, 
 Imaging satellite. 

There are four different representations of a Digital 
Elevation Model:  
 Regular grid, 
 Outlines, 
 Triangulated grid,  
 Triangulated Irregular Network (TIN). 

A DEM can receive several shots of information from 
the main layer (altitudes), these plans concern mainly the 
geomorphology of the study area, the extraction of linea- 
mentary network affecting this sector, hydrological pa-
rameters of the watershed, and the relationship between 
these factors. In this work we used two different GIS 
software: 

The modules “space Analyst” and “3D Analyst” were 
used from to level of ArcGIS software to develop the 
DEM with a resolution of 10, 25, 50 and 100 m and then 
to choose the method of Triangulated Irregular Network 
TIN and used the method of “spline” that calculates the 
elevation between two points so as to minimize the cur- 
vature of the resulting surface. 

A second DEM was developed under surfer Software 
who proposes an interpolation by kriging. It is a geosta- 
tistical method that is better for detecting the “trends” 
suggested by the terrain elevation data. 

The accuracy of DEM has been accomplished by 
scanning feature points such as ratings points, peaks, 
ridges, valley bottoms and adapting the algorithms to the 
level of GIS software to force them to consider these 
points effectively as singular (Figure 3). 

4. Acquisition and Results 

4.1. Acquisition 

The DEM was developed from digitized contour lines, 
spot heights and elevations of water points measured in 
the field by GPS. The used topographic maps are Berino, 
Semmama, Bou-Chebka and Kasserine at the scale of 
1/50 000 that are scanned georeferenced and finally digi- 
tized. Then, GIS software has been used to interpolate 
the elevations to obtain the appropriate DEM. 

Interpolation is the largest operation in the production  

Copyright © 2013 SciRes.                                                                               JWARP 



S. KHEMIRI  ET  AL. 

Copyright © 2013 SciRes.                                                                               JWARP 

803

 

 

Figure 1. Study area. 
 

 

Figure 2. Foussana watershed. 
 
of digital elevation models. It determines, after a series of 
known values, the estimation of additional data in areas 
not sampled [14]. This result is provided by calculation 
and not by observation. 

In this work we chose to develop the most commonly 
types used DEM, grid type format Raster [15] and a sec- 
ond mode TIN vector. 

Thought this work, we also use the Shuttle Radar To- 
pographic Model (SRTM) and DEM mode was effective 
in extracting structural and hydrogeological data in the 
study area. 

Another numerical model was developed by the inter- 
polation algorithm using the “kriging” by surfer software. 
This Digital Elevation Model will serve in describing the 
geometry of the study area and therefore the develop- 

ment of the GRID for numerical simulations (Figure 4). 

4.2. Results 

4.2.1. Geomorphology of the Study Area 
A DEM can get an idea about the morphology of the 
study area; it puts in relief anticlines, synclines, plat- 
forms. The topographic data relating to the relief describe 
faithfully the geometric domain in which carried runoff 
water (low pressure area, floodplain, river, canal artificial 
estuaries). 

In the Figure 4, the DEM developed under surfer 
software shows the form in “bowl” of the Foussana rift. 
This basin is surrounded by folded structures, Jebel 
Chambi in the south whose summit reached the record  
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Figure 3. Flow chart explaining the steps of this work. 
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Figure 4. Different types of DEM used in this work. 
 
altitude of 1440 m. Jebel Hamra with three moles and 
Jebel Lajred are respectively the limits west and north- 
west of the basin .The eastern boundary is represented by 
the Jebel Semmama which is relayed further to the north 
by Jebel Doulab, known as the main oil region. 

Two areas have been marked, the first located in the 
west side and called Khanguet slougui between Jebel 
Hamra and Lajred is the upstream part, and the second one 
called Khanguet Boulaaba between the east side and Jebel 
Chambi and Semmama thus constituting the downstream 
portion of the basin outlet. 

All these structures form the boundary of the water- 
shed of Oued Hatob which is actually the upper basin of 
the river itself which is the southern branch of Oued 
Zeroud (central Tunisia). 

The creation of the topographic profiles generated 
automatically by ArcGis allowed us to confirm this par- 
ticular geometry and geomorphology of the Foussana 
basin with areas of strangulations of both sides of the 
ditch. 

4.2.2. Slope Map 
Measures of dips are essential data to the geologist and 
especially structural geologist and hydrogeologist [16]. 
They are used to quantify the geological objects observed 

at the surface at the end of the model. These measures may 
come from different dips direct or indirect sources: geo- 
logical maps, ground or by DEM (Figure 5). 

We notice from this map that most of the land is head- 
ing East-South implying its exposure to the sun during 
the first half day (Figure 6). In fact, all South anticlines 
flanks of Semmama, Chambi, Berino and Hamra are the 
most exposed which can playing a decisive role in the 
evaporation of surface water disposed; who was later 
directly relative impact in the reduction of water infiltra- 
tion, thus inducing a reduction of underground water 
refill. 

4.2.3. Hydrological Operating 
Apart from highlighting in the study area, the DEM pro- 
vides very important hydrological information [17]. 

1) Watershed Delineation 
According to the previous figure it was possible to de- 

lineate the watershed of Oued El Hatob. This basin is 
bounded to the north by the watershed of groundwater 
from Jebel Semmama to Jebel Biréno; at the eastern limit 
is formed by the anticlinal ridges of Jebel Semmama and 
Jebel Chambi, on the western boundary it passes across 
the Khanguet Slougui, while Jebel Nougueza and Jebel 
Essif forms the southern boundary. 
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Figure 5. Slope map. 
 
 Area and perimeter 

The development of digital elevation model mode 
“wire” (Figure 7), allowed us to automatically measure 
the area of the watershed by number of pixels or grid 
cells in this case it is equal to 34.450 (Table 1) cells that 
is the equivalent of 528 km2. While the perimeter (P) in 
this sector or the length of the contour line of the basin is 
about 95.04 km. 
 Hypsometric curve 

Tracing the contour curve relates the heights and sur- 
faces in the watershed as a frequency area below a given 
threshold (Table 1). 

The shape of this curve shows the presence of:  
o A low slope towards lower altitudes between 750 

and 1050 m: the presence of plains wheat and 
Foussana Zafran corn,  

o A steep slope between 1050 and 1150: showing 
the high relief,  

o A very low slope to the coast above 1100: pres- 
ence of high-bit extended relief Jebel Chambi, Je- 
bel Bireno, Jebel Semmama, Jebel Es-sife.  

o We note also that more than half of the basin 
(57%) is situated at an altitude above 900 m. 

 Form and Relief of Watershed 
The study of the morphology of the basin has been in- 

ferred by the determination of some quantitatively pa- 
rameters characterizing the shape and terrain of Oued El 
Hatob which are essentially: 

*Index or coefficient of compactness (C) which is cal-
culated by the following formula: 

  0.28 95.04 0.28 528 1.15C P A        

*The equivalent rectangle: 

length 

   
  2

1/2

1 1.128/
 : 1.128 1 28.08 km

c
L A C



 
     

 
 

width 

  : 2 - 19.44 kmW P L    

*Slope-Roche: 

 1 2 1 2
11

– 0.132i i ii
Ip L B a a




   

with: Bi = fraction of the total area of the basin between 
the ratings ai and ai-1 
*Global slope index  

 5 95 14.24GI H H L D L     

- (H5 = dimension limiting the 5% highest area = 1175) 
- (H95 = 5% rating limiting area lowest = 775) 
- (D = vertical rise is taken equal to 6 H5 H95 = 400) 
- DSm = IG × A1/2 = D (1/L)1/2 = 415 m 
- DS is the product of the slope by a coefficient D de-

pending only on the compactness C of the basin; it 
can immediately compare the basins between them 
and establish classes of following relief. 

Low relief 
- DS < 10 m 
- R1: Relief Low 10 < DS < 25 m 
- R2: Relief relatively low 25 < DS < 0 m 
- R3: Relief moderate 50 < DS < 100 m 
- R4: Relief strong enough 100 < DS < 250 m 
- R5: Relief Box 250 < DS < 500 m 
- R6: Relief strong DS > 500 m 

Median altitude is the altitude with 50% of the basin  
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Figure 6. Slope exposition map. 
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Figure 7. Pixel hypsometric curve. 
 

Table 1. Percentage of cumulative altitude by PIXEl. 

Altitude 1450 1250 1150 1050 850 750 950 

Pixels s 1  1  

% l 

Number 100 400 800 2000 6000 4000 1150

 Altitude per Pixe 0.29 1.16 2.32 5.8 17.41 40.63 32.36 

% Cumulative 0.29 1.45 3.77 9.57 26.98 67.61 100 

 
rea above it = 950 

the class studied the basin relief is R6. 

2) Flow Calculation 
ot abundant but it 

is often brutal, distributed through- 
ou

a
Maximum altitude  max 1544H   

 min min imum altitude at the outlet 650H   

The rains of the Central Tunisia are n
 few, tempestuous and 
t the year with a maximum in spring and autumn. The 

rains are associated with low relative humidity in sum-
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mer, relatively high in winter. In addition, the tempera- 
tures is highly continental with high diurnal amplitude 
and annual (18 to 20) resulting in a large change in rela- 
tive humidity through the day and often violent winds 
and drying. 
 Calculation of the average felling water depth 

Due to the lack of sufficient data to draw inter annual 
l for 

th

mm with an error margin of 5% to 
6%

ea is about of 1350 khm2. 

isohyets, we are just choice an average annual rainfal
e entire upstream part of the watershed of Oued El Ha- 

tob, from the three existing stations (Kasserine, Bordj 
Chambi and Ain Amara). This value must be between 
Ain Amara station characterizing rainfall relief in the 
boundary of the basin and Bordj Chambi-Kasserine char- 
acterizing the plains. 

The average annual rainfall measured in the study area 
is approximately 340 

, or 340 ± 20 mm/year. 
 Calculation of annual felling water volume 

The studied catchment ar

  31350.106 340 20 10 3 m yearV     

  3459 27 106 m yearV    

It is evident that some of this quantity will run off as a 
flood, another party to the contrary will infiltrate and 
th

d wet seasons 

on which can be defined as the pe- 
rio

f the wet season and 78% of average annual 
flo

ble 2. Average perennial flow. 

STATION 
Average 
perennial 

us sustain the Foussana aquifers, the rest will be evapo- 
rate. 
 Calculation of average perennial flow of the dry 

an
The Foussana basin is characterized by the presence of 

two seasons wet seas
d when the average perennial flow of the river in the 

Chambi station is greater than or equal to the mean an- 
nual flow. It is limited by intersections of the curve of 
monthly flow and the annual mean flow. Although in the 
dry season the flow is last or below the annual average 
flow. Accordance with this definition the wet season be- 
gins in late October and ends on May 15 of the following 
year, It thus extends over a period of 225 days (at 30 
days per month) while the dry season takes only 135 
days. The values of the average flow are represented by 
the Table 2. 

The average flow of the dry season is therefore only 
70% of that o

w 576.5 l/s. 
 

Ta

Reference 
year 

Seasons 
Time in 

days 
flow l/s 

2  008 to 2009
wet 

season 
225 85.44 

Chambi 

dr n 2008 to 2009 y seaso 135 59.76 

 Excess and deficit flow Calculation 

On the ba r inition, the d on 
is characterize xcess e 

n the same fig- 
ur

sis on the p
d by an excess flow. T

evious def ry seas
volumhis e

passed during this season is represented i
e by the area between the right of the mean annual flow 

and the monthly perennial flow curve. This surface can 
also be represented by a rectangle with length of time 
(225 days) and the width difference between the average 
flow of the wet season and the average annual flow: 

Length : 225 days 1944,104 dryL    
Width w : 85.44 to 76.5 8.94 l s   

The excess volume expired during the wet season 
would be 

ethod: 

31944.104 m  8.94 174571.2Ve    
The calculation of the deficit in the dry season is by 

the same m

3

L 135 days 1944,104 dry s  16.80l s

                   Vd

  
 

Indeed, this excess
19 600 m

 volume of the wet season can be 
used during the dry season by groundwater recharg . The 
groundwater level will then drop almost 2 times the cur- 
re

e

nt at the end of the dry season, because the excess is 
almost equal to the deficit. This intensity will depend 
especially on the flood. We believe this will regulate the 
flow of the river and approach the annual average value 
(76.5 l/s). 

3) Flow characteristics (Figure 8) 
This water shortage may be exacerbated due to climate 

change, particularly changes in precipitation. To under- 
st ity and possible ef- and the dynamic of water availabil
fects of long-term climate changes, it is helpful to have 
an analysis of variation trends in precipitation, other cli- 
matic factors [18] and flow characteristics: accumulation 
and direction flow, subwatershed delineation... By the 
DEM simulation [19], has provided some ideas on the 
direction and flow accumulation, as it allowed us to 
automatically extract the drainage network and compare 
it with a scan from the topographic base, as well as de- 
lineate the watershed and sub watershed extrapolation 
[20]. 
 Flow direction  

It is explained by the fact that each cell contains the 
direction (Freeman code) to which water flows. 

on  

of water 
ue to the flow. This command 

sp

tershed and sub watershed [21,22].  

 Flow accumulati
This command of Arc Hydro tools is used to calculate 

the directions of flows in each cell, the amount 
accumulated in the cell d

ecifies a weighting representing such the quantities of 
precipitation. 
 Watershed  

This allows us to generate a grid containing the de- 
lineation of wa
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Figure 8. Flow maps. 
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 Hydrographical network 

This command can generate a shape file (lines) corre- 
sponding to the drainage network theory. 

He has been compared by the network's digital topog- 
raphic chart. 
 Density map of water system 

The realization of the density map of the hydrographic 
network from a DEM [23] allowed us to determine the 
concentration areas of river systems, which can locate the 
main points of power groundwater aquifers in the region 
[24], which are modeling this after the existing anticlines 
around the ditch and those mainly in the western or up- 
stream of the basin, represented by the anticline Jebel 
Berino and Jebel Hamra, so a more or less important part 
located in the north of the ditch, and the levels of the 
downstream portion designated by Jebel Semmama and 
Jebel J Chambi. 

4.2.4. Hydrogeological Modeling 
1) Piezometric levels and depth to water table (Figure 

9). 
The isopiestic curve is determined by measuring dif- 

ferent values of the depth to water table [25]. The depths 
are variable which are low in the Northern part of the 
study area.  

The flow is converging towards the Oued Hatob which 
is situated in the center of the Foussana gap. In this case, 
the water flow circulates mainly from anticlines North- 
East (Berino, Hamra) and Southwest (Essif) sector. 

The depth of water table map established, by interpo- 
lation of water table data, shows low values in the center 
of the study area . This zone constitutes a suitable zone 
for future exploitation. So, the determination of the water 
table and the isopiestic levels are of great importance in 
the management projects [26]. 
2) Conductivity and Hydrochemistry data. 

Knowledge of the water chemical composition is nec- 
essary to comprehend each hydrogeologic system and 
help to propose which are the suitable areas for future 
well implantation. This is also can be done on the basis 
of the thematic maps already elaborated [27]. 

The correlation between salinity map and conductivity 
one reveals a high similarity. In fact, towards the center 
of the aquifer, the salinity increases. This is due to the 
impact of the anthropogenic activities and the overex- 
ploitation. In these zones, it correspond a low depth of 
groundwater and high productivity (Figure 9). For these 
reasons, it is recommended to the central part of the 
study area. 

Geostatistical and trend analysis of major chemical 
elements are carried out by calculation of the basic mo- 
ments (Figure 10), run test, trend analysis of the annual 
maximum daily flow at 72 borehole above Foussana Ba- 
sin. 

5. Discussion 

In this study, the primary aim was to better understand 
the processes involved, rather than focusing on prior pre- 
diction of poor water events [28]. Where a predictive 
element was included it was for the numerical value of 
indicator organisms, which was then considered against a 
set compliance limit and will constitute an object for fur- 
ther researches. 

The main plans and photographic information in or- 
tho-vectors collected and produced during this work will 
be stacked and draped on the DEM (Figure 11) which can 
facilitate the 3D geological modeling, structural and hy- 
drological crossover and use of data acquired. 

The figure below helps to visualize the 3D spatially 
diverse geological structure which gives a detailed picture 
of the geomorphology of the area that was already men- 
tioned. 

The Figure 11 was used to observe directly the geo- 
metrical extension of the watershed, the distribution of 
water points, and the drainage system and check for any 
divergences that might exist between the geological map 
and actual position of the boundary [29]. We could check 
the consistency of the contours of a geological map with 
some geological objects, as well as modeling the struc- 
tural impact on the watershed and the hydrosystem, and 
the spatial extent of the West Kasserine fault. 

In this case, and depending on the resolution of the 
DEM, multi-data are integrated and concerning the 
ground cover such as buildings and plant to add height to 
the altitude of the land on which they are located. 

The theory of hydrological science is a basis and 
foundation for constructing the model of the aquifer sys- 
tem. However, the water cycle processes are complex 
considering the hydrological, land surface and atmos- 
pheric processes, etc., and a final model is abstracted 
from reality system [30], which can represent a decision 
support for mangers. 

6. Conclusions 

The development of the DEM has provided significant 
results. Hence, a DEM was developed and some results 
and interpretations were developed. The high resolution of 
this document has made the detection and mapping of the 
geological boundaries and the tectonic structures and their 
impact on the hydrosystem possible 

From a general point of view, DEM are valuable source 
of topographic information, especially regarding the drain- 
age network systems and the watersheds. 

The methodology adopted in this study allowed deter- 
mining hydrological parameters and verifying the model 
of the geometry of the watershed. 

The coupling of these multi-scale maps with elevation 
data, allows us to visualize and to model the 3D geometry, 
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Figure 9. Piezomtry, condctivity and salimity maps. 
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Figure 10. Geospatial distribution of hydrochemistry data. 
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Figure 11. 3D modeling of Foussana groundwater. 
 
surface properties and geomorphology. These results are 
of great importance and can be applied for analyzing and 
studying the hydrological catchments of watersheds with 
complex morphology. 

This study reveals that Geographical Information Sys- 
tem (GIS) is of paramount importance in water resources 
management and enhancing water supplies in arid and 
semi-arid regions. The main advantages of GIS are: 1) it 
provides additional information from simple data by using 
DEM; 2) it helps to exploit and manage a huge quantity of 
data and generate thematic maps; 3) it can help to com- 
prehend and hydrogeologic system and coupling quanti- 
tative and qualitative data in order to generate manage- 
ment scenarios. 
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