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The aim of this pa per is to as sess the ground wa ter po ten ti al ity us ing sta tis ti cal multi-cri te ria eval u a tion and AHP (an a lytic hi -
er ar chy pro cess) as an ad di tional method to the hydrogeological re search in or der to cre ate a map that rep re sents the
ground wa ter po ten ti al ity. The ex trac tion of this map is based on the study of multi-cri te ria in put data, such as lin ea ments,
land use, li thol ogy, drain age, slope, soil, rain fall and geo mor phol ogy. Weights were as signed us ing the AHP method to all
these multi-in flu enc ing fac tors ac cord ing to their in flu ence on ground wa ter po ten tial. Sen si tiv ity anal y sis was cal cu lated to
val i date the AHP weights re sult. The pre sented meth od ol ogy has been ap plied to the Bouhedma re gion in south west ern Tu -
ni sia, lo cated in an arid cli mate. This tech nique re vealed that very good, good, mod er ate and poor ground wa ter po ten tial
zones are spread over 382 km2 (26.9%), 437 km2 (30.7%), 552 km2 (38.8%) and 51 km2 (3.6%), re spec tively. Fur ther more,
the ef fect of each in flu enc ing fac tor on ground wa ter ca pac ity was com puted. The re sults pro vide sig nif i cant in for ma tion and
found to be help ful in better plan ning and man age ment of ground wa ter re sources.
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INTRODUCTION

Ground wa ter is con sid ered the larg est fresh wa ter source in
arid re gions. It should be stud ied more mi nutely re gard ing its
po ten ti al ity and eval u a tion. To en sure sus tain able man age -
ment of wa ter re sources, it is im por tant to iden tify ar eas where
ground wa ter resupplying is per formed (Oikonomidis et al.,
2015). Geo graphic In for ma tion Sys tems (GIS) and Re mote
Sens ing in te grated with multi-cri te ria eval u a tion can re veal use -
ful tools in ground wa ter sur vey map ping to iden tify ground wa ter
po ten tial zones. Many pub lished pa pers de scribed the uses of
GIS and Re mote Sens ing to es ti mate ground wa ter po ten ti al ity
by the in ter ac tion with sur face pa ram e ters (Ar nold et al., 1993;
Har bor, 1994; Finch, 1998; Bouwer, 2002; Sophocleous, 2002;
Doell et al., 2012).

In re cent years, spread-out use of re motely sensed data
from sat el lite im ages has made it eas ier to es tab lish a large and

con sis tent da ta base for ground wa ter po ten tial zones (Saraf
and Choudhury, 1998; Al-Adamat et al., 2003; Becker, 2006;
Jha et al., 2007; Machiwal et al., 2011; Selvam et al., 2016). Re -
mote sens ing not only pro vides a spec i fied and clear data of the 
spa tial dis tri bu tion of ob ser va tions, but also saves time and
money (Ozesmi and Bauer, 2002; Blaschke, 2010; Souissi et
al., 2018). In ad di tion, it is widely used to char ac ter ize the earth
sur face (such as lin ea ments, land use, drain age pat terns, slope 
and geo mor phol ogy) as well as to ex am ine the ground wa ter po -
ten tial zones (Dasho et al., 2017).

In te gra tion with Geo graphic In for ma tion Sys tems (GIS) en -
ables an ad vanced pro cess ing of multi-source spa tial data. Use of 
GIS for ground wa ter po ten ti al ity map ping of fers the abil ity to store, 
ma nip u late and ana lyse data in dif fer ent for mats and at dif fer ent
scales (Rahman, 2008), and it is then pos si ble to reg is ter all data
as data lay ers with a com mon co or di nate sys tem and ma nip u late
them to pro duce the matic maps (Hamza et al., 2017).

Many meth ods and tech niques have been ap plied by many
re search ers around the world, to de ter mine the ground wa ter
po ten ti al ity. Dinesh Kumar et al. (2007) used GIS and Re mote
Sens ing to iden tify ground wa ter po ten tial zones. Mukherjee et
al. (2012) pro posed a method to map po ten tial ar eas for
ground wa ter stor age us ing GIS and Re mote Sens ing in arid re -
gions. Magesh et al. (2012) de vel oped a method for ground wa -
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ter po ten ti al ity map ping in Theni dis trict, Tamil Nadu (In dia),
tak ing into ac count seven in flu enc ing fac tors: li thol ogy, slope,
land use, lin ea ment, drain age, soil and rain fall. Fenta et al.
(2015) ap plied a sim i lar method to de ter mine ground wa ter po -
ten ti al ity of the Raya Val ley, north ern Ethi o pia, us ing spa tial
anal y sis and multi-cri te ria eval u a tion.

Sev eral stud ies cur rently ex ist for the in ves ti ga tion and
map ping of ground wa ter po ten ti al ity in the arid re gion in Tu ni sia 
(Chenini and Ben Mammou, 2010; Msaddek et al., 2017;
Mokadem et al., 2018; Souissi et al., 2018) and in the world
(Gustafsson et al., 1993; Al-Adamat et al., 2003; Scanlon et al.,
2006; Ghayoumian et al., 2007; Chowdhury et al., 2009;
Mukherjee et al., 2012; Naghibi et al., 2018).

This pa per pres ents the in ves ti ga tion and map ping of
ground wa ter po ten ti al ity of the Bouhedma re gion lo cated in
south west ern Tu ni sia by in te gra tion of fur ther in flu enc ing fac -
tors and multi-cri te ria eval u a tion to the pre vi ously ap plied meth -

ods (Oikonomidis et al., 2015) with the con tri bu tion of the
weighted lin ear com bi na tion method (WLC) and the an a lytic hi -
er ar chy pro cess (AHP; Saaty, 1980). There fore, in te gra tion of
re mote sens ing with GIS for pre par ing var i ous the matic lay ers,
such as lin ea ments, land use, li thol ogy, drain age, slope, soil,
rain fall and geo mor phol ogy with as signed weightage, rate and
score, will as sist the iden ti fi ca tion of po ten tial ground wa ter
zones.

STUDY AREA

The study area is lo cated in south west ern Tu ni sia, in the re -
gion of Bouhedma, oc cu py ing an area of 1,422 km2 (Fig. 1).
The geo mor phol ogy of the re gion is char ac ter ized by weak to
rel a tively high re lief with the el e va tions from 7 to 903 m. The cli -
mate is arid and char ac ter ized by dry and hot sum mers, and
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Fig. 1. Lo ca tion of study area on Land sat-8 OLI/TIRS sat el lite  im ag e



wet and mild win ters (Fig. 2A). The av er age tem per a ture is
20.2°C, with the max i mum in Au gust (28.7°C) and the min i mum 
in Jan u ary (11.5°C; Fig. 2A). The av er age an nual rain fall in the
dis trict is ~250 mm. The anal y sis of the re sults (Fig. 2B) shows
that the monthly rain fall dis tri bu tion dur ing the pe riod from 1990
to 2015 is sea sonal and ir reg u lar. The ac tual evapotran -
spiration (AET) es ti mated by the Turc method is ~207 mm/year. 
The anal y sis of Fig ure 2C shows that the piezometric level in
the South Hajri piezometer and the Zograta wa ter well in -
creases pro gres sively ac cord ing to the rain fall dur ing the rainy
years (1990–1995–1996–2000–2005–2009).

At 2015, the an nual wa ter re sources of the Mio cene aqui fer
were es ti mated at 2.5 Mm3. The an nual ex ploi ta tion is about
0.37 Mm3/year with an ex ploi ta tion rate equal to 14.8 % in 2015
(Msaddek, 2017). This weak rate is due to the lack of un der -
stand ing the ground wa ter po ten tial in this re gion.

Land use is mainly ag ri cul tural in low lands and the use of
ground wa ter for drink ing and ir ri ga tion has in creased dur ing the
last de cades (Mamou, 1990; Bencheikh, 2013; Msaddek, 2017).

The pop u la tion is low; it does not ex ceed 10,000 in hab it -
ants. The av er age den sity of pop u la tion is around 7 in hab it -
ants/km2. Due to the arid cli mate and fresh wa ter scar city, the

main eco nomic ac tiv ity is lim ited to artisanal ag ri cul ture, such
as an i mal hus bandry and dryland farm ing.

The drain age net work of the Bouhedma re gion is rel a tively
sim ple be cause of its mor phol ogy. In fact, it is a deep ba sin, sur -
rounded by high moun tains, which means that the rain wa ter
can not be ob tained eas ily. The al lu vial ba sin owes its ground -
wa ter to dif fer ent rivers, which cross the area. They re ceive ad -
e quate sup ply dur ing win ter rain fall, es pe cially in moun tain
heights, mainly up stream of the rivers. The cen tral part of the
Bouhedma ba sin has re ceived the ef fect drain age net work. The 
south ern part of the ba sin is oc cu pied by a large salt lake called
Sabkhet Noual. It is con sid ered the down stream of the drain age 
net work, at the exit from the moun tain com plex.

Con cern ing its ge ol ogy and li thol ogy, the study area be -
longs to the South ern At las range. The ma jor ity of anticlines in
this re gion have an E–W to ENE–WSW ax ial di rec tion (Ahmadi, 
2006; Msaddek et al., 2016). Ma jor faults of the study area rep -
re sent branches of the South At las front that sep a rates the At -
las chain and the Sa ha ran Plat form. These faults dom i nate the
geo log i cal struc tures of the re gion (Zargouni, 1985; Zouari,
1995; Ahmadi, 2006; Msaddek et al., 2016). In the north ern part 
of the study area, there is a range of Jebal Orbata and Jebal
Bouhedma stretch ing along 70 km. El Mech junc tion re lates
these two moun tains. In the south west ern part of the study
area, there are two linked struc tures, Jebal Chamsi and Jebal
Belkhir, 58 km in length. Ju ras sic to Qua ter nary rocks are out -
cropped in the study area. They are dom i nated by Mio-Plio-
 Qua ter nary sandy and de tri tal de pos its and by Lower and Up -
per Cre ta ceous and Eocene car bon ates (Henchiri, 2007;
Zouaghi et al., 2011, Kadri et al., 2015). The geo log i cal bed rock 
con sists of clay and marls, which are al most im per me able.
Sands, con glom er ates and de tri tal de pos its of the al lu vial area
are 400–500 m thick and their per me abil ity fac tor is high. The
main aqui fer sys tems are de vel oped within Mio-Plio-Qua ter -
nary for ma tions. These de pos its are pres ent in the ma jor ity of
the area.

There are not many hydrogeological data re ports and stud -
ies ex cept for the works of Mamou (1990), Bencheikh (2013),
Msaddek (2017), and other un pub lished lo cal re ports. This en -
cour age au thors to study the ground wa ter po ten tial in this re -
gion with the con tri bu tion of the weighted lin ear com bi na tion
method (WLC) and the an a lytic hi er ar chy pro cess (AHP).

DATA SOURCE AND METHODS

DATA COLLECTION AND PROCESSING

This study uses mainly multi-cri te ria anal y sis of dif fer ent pa -
ram e ters based on Re mote Sens ing, Geo graphic In for ma tion
Sys tem (GIS) and SRTM (Shut tle Ra dar To pog ra phy Mis sion)
data to eval u ate ground wa ter po ten ti al ity. We used geo log i cal
maps of the study area from the Tu ni sian Na tional Of fice of
Mines (ONM) at 1:100,000 scale. The re motely sensed data
were ex tracted from a Land sat-8 OLI/TIRS sat el lite im age,
taken on April 12th, 2015. The dig i tal el e va tion model (DEM)
was ob tained from im ages of the Amer i can Top o graphic Mis -
sion (SRTM30-1Arc sec ond) de fined with a mesh of 30 ´ 30 m
(Hegazy and Effat, 2010).

Me te o ro log i cal, cli ma to log i cal, geo log i cal and pedological
data were vectorized by the Gen eral De part ment of Wa ter Re -
sources (DGRE) and used to es tab lish the matic maps.

All pre-treat ment and pro cess ing of the Land sat-8 OLI/TIRS 
im age were ex e cuted by means of ENVI 5.1 soft ware (En vi ron -
ment for vi su al iz ing im age) and PCI GEOMATICA 2015 soft -
ware (Fo cus 2015).
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Fig. 2A – cor re la tion rain fall-tem per a ture-years; B – monthly
rain fall-tem per a ture-years at the cli ma to log i cal “Belkhir” sta -
tion be tween 1990 and 2015; C – cor re la tion rain -
fall–piezometric vari abil ity in the Zougrata wa ter well and the
South Hajri piezometer



ArcGIS 10.2.2 soft ware en abled data vectorization and
SRTM pro cess ing. It was used to su per im pose data lay ers and
to com pile dif fer ent maps. It was in volved to in ter po late dif fer ent 
maps of spa tial vari a tion (den sity maps).

PREPARATION OF THE GIS LAYER

To de ter mine the ground wa ter po ten tial zone, the weights
of dif fer ent fac tors for ground wa ter po ten tial and the score un -
der var i ous char ac ter is tics were as sessed based on the char -
ac ter is tics of the Bouhedma ba sin. The fac tors in flu enc ing
ground wa ter po ten tial, and their rel a tive im por tance, are com -
piled from pre vi ous pa pers (Yeh et al., 2009). Du pli cate fac tors
were com bined and only rep re sen ta tive fac tors were ex tracted.
This study uses lin ea ments, land use, li thol ogy, drain age,
slope, soil, rain fall and geo mor phol ogy as the eight-sig nif i cant
fac tors in flu enc ing ground wa ter po ten tial.

First of all, a multi-in flu enc ing fac tors method was used con -
sid er ing the in ter ac tive in flu ence and in ter re la tion ship be tween
these fac tors, and their ef fect is shown in Fig ure 3. Each re la -
tion ship is weighted ac cord ing to its po tency. The rep re sen ta -
tive weight of a fac tor of the po ten tial zone is the sum of all
weights from each fac tor (Magesh et al., 2012). A fac tor with a
higher weight value shows a larger im pact, and a fac tor with a
lower weight value shows a smaller im pact on ground wa ter po -
ten tial zones. In te gra tion of these fac tors with their po ten tial
weights is com puted through weighted over lay anal y sis.

To es tab lish the lin ea ments map of the study area, we ap -
plied semi-au to matic ex trac tion from the Land sat-8 OLI/TIRS
im age us ing the com bi na tion of dif fer ent spec tral bands (in clud -
ing pan chro matic band) and lin ea ments en hance ment by fil ter -
ing, and the eval u a tion and val i da tion of ex tracted lin ea ments
from im age dig i tal treat ment us ing the dig i tal el e va tion model of
SRTM and field ver i fi ca tion to elim i nate non-tec tonic lin ea -
ments. Lin ea ments den sity cal cu la tion pro ceeded by con sid er -
ation of sur face unit (km2). The mea sure ment was per formed
by an in ter po la tion method of cu bic con vo lu tion (Masoud and
Koike, 2006; Yao, 2009).

To in ter pret re sults of ex tracted lin ea ments, we used sta tis -
ti cal meth ods based on cou pling of mea sure ments of lin ea -
ments di rec tion and den sity, us ing Equa tion 1. 
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where: SLi – the to tal length of all lin ea ments within the study area
(km), and Ua – a unit area (L2 = km2).

Land use is an im por tant fac tor in the study of ground wa ter
po ten tial. It in cludes the type of soil, the dis tri bu tion of res i den -
tial ar eas, and veg e ta tion cover. Leduc et al. (2001) es ti mated
the dif fer ence in the amount of ground wa ter po ten tial due to
changes in land use and veg e ta tion.

Land use map was es tab lished by the same re motely
sensed data from Land sat-8 im ages us ing the prin ci pal com po -
nent anal y sis (PCA) based on anal y sis of im age covariance or
cor re la tion ma trix of sev eral data se ries (Davidson and Ben-Da -
vid, 2011) and the su per vised clas si fi ca tion tech niques.

The li thol ogy layer was pre pared from the ex ist ing maps ob -
tained from the Tu ni sian Na tional Of fice of Mines (ONM).

The drain age net work was ex tracted from the dig i tal el e va -
tion model of SRTM of the study area. In or der to con vert the
drain age net work pat tern to a mea sur able quan tity, drain age
den sity was used.

The drain age den sity is de fined as a ra tio of the to tal length
of streams within a ba sin to the to tal area of the ba sin. A high
value of the drain age den sity would in di cate a rapid storm re -
sponse (Rahmati et al., 2016). The drain age den sity (DD) for
each sub-wa ter shed was cal cu lated by us ing Equa tion 2
(Agarwal, 1998; Rahmati et al., 2016): 
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Fig. 3. The in ter ac tive influence of fac tors con cern ing ground wa ter po ten tial 
(Shaban et al., 2006; Magesh et al., 2012)



where: SDi – the to tal length of all streams within the study area
(km), and Ua – a unit area (D2 = km2). 

When the drain age den sity value of a sub-wa ter shed is
high, it is in dic a tive of high flood haz ard po ten tial.

Slope map was ob tained from au to matic geospatial pro -
cess ing of the SRTM dig i tal el e va tion model. These data were
spa tially in ter po lated us ing the In verse Dis tance Weighted
(IDW) method. This in ter po la tion method com bines the con -
cepts of prox im ity to fol low Thiessen poly gons with grad ual
change of the trend sur face (Magesh et al., 2012).

Soil layer was pre pared from the ex ist ing maps ob tained
from the Tu ni sian Na tional Of fice of Mines (ONM) and the Gen -
eral De part ment of Wa ter Re sources (DGRE).

Rain fall layer was pre pared from the ex ist ing maps ob tained 
from the Gen eral De part ment of Wa ter Re sources (DGRE).

Geo mor phol ogy map was ob tained from the out put ras ter
DEM (Dig i tal El e va tion Model) gen er ated within the bound ary of 
the study area and with a spec i fied out put cell size. The spa tial
res o lu tion is cho sen de pend ing on the scale and pur pose of the
anal y sis.

It con sists of the de pend ency of re sults on the il lu mi na tion
az i muth when the shaded re lief is used for lin ea ments ex trac -
tion (Šilhavý et al., 2016). To avoid this az i muth par tial ity, we
com bined il lu mi nated in put ras ter data into one out put ras ter.
The rough ness of the shaded re liefs is used as an as set in the
adopted method. The il lu mi nated shaded re liefs are used to pull 
out dif fer ent re sults that are pro cessed sep a rately.

The car to graphic pro jec tion ap plied to the study area is the
World Geo de sic Sys tem (WGS-84) zone 32 of the North ern
Hemi sphere with UTM pro jec tion.

WEIGHTING METHOD TO IDENTIFY 
GROUNDWATER POTENTIAL MAP

To en hance the de lin ea tion of the ground wa ter po ten tial
zone, a weighted spa tial anal y sis method was ap plied for iden ti -
fy ing ground wa ter po ten tial zones, ac cord ing to their rel e vance
to the ex is tence of ground wa ter. Even tu ally, a ground wa ter po -
ten ti al ity map was cre ated (us ing layer re clas si fi ca tion and
weighted over lay of spa tial anal y sis by ArcGIS soft ware), con -
sist ing of four gradational po ten ti al ity classes, rang ing from
poor to very good.

The math e mat i cal weighted lin ear com bi na tion method
(WLC; Saaty, 1980) was used to de rive the fi nal ground wa ter
po ten ti al ity map and to cal cu late the ground wa ter po ten ti al ity in -
dex in ac cor dance with the math e mat i cal Equa tion 3:

Ip Ix Ixw r= ´å [3]

x – in flu enc ing fac tors; the sub scripts w and r in di cate weights and
rates, re spec tively.
Ip = IlnwIlnr +IuswIusr + IliwIlir + IdrwIdrr + IslwIslr + IsowIsor + IrfwIrfr +
IgmwIgmr

where: Ip – ground wa ter po ten tial in dex is the value for each pixel of
the fi nal ground wa ter po ten ti al ity map of the study area; Iln – lin ea -
ments in dex; Ius – land use in dex; Ili – li thol ogy in dex; Idr – drain age
in dex; Isl – slope in dex; Iso – soil in dex; Irf – rain fall in dex; Igm –
geo mor phol ogy index

The in flu ence of weight cal cu la tion of fac tors. The
multi-in flu enc ing fac tors for ground wa ter po ten tial zones,
namely lin ea ments, land use, li thol ogy, drain age, slope, soil,
rain fall and geo mor phol ogy, were con sid ered and as signed an
ap pro pri ate weight and are shown in Ta ble 1. The ef fect of each 
in flu enc ing fac tor may in volve de lin eat ing of ground wa ter po -

ten tial ar eas. Ac cord ing to Shaban et al., (2006), each of con -
trib ut ing fac tors has a de gree of in flu ence and ef fect on oth ers;
there can be a ma jor ef fect, mi nor ef fect, or no ef fect at all. Fur -
ther more, these fac tors are in ter re lated. The ef fect of each ma -
jor and mi nor fac tor is as signed a weightage of 1.0 and 0.5, re -
spec tively (Fig. 3).

The cu mu la tive weightage of both ma jor and mi nor ef fects
is con sid ered for cal cu lat ing the rel a tive rates (Ta ble 1). This
rate is fur ther used to cal cu late the score of each in flu enc ing
fac tor (Magesh et al., 2012). The pro posed score for each in flu -
enc ing fac tor is cal cu lated by us ing the math e mat i cal Equa -
tion 4:

Score as signed =
(Ma jor ef fect + Mi nor ef fect)

´ 100 [4]
S(Ma jor ef fect + Mi nor ef fect)

An a lyt i cal hi er ar chy pro cess (AHP). An a lyt i cal hi er ar chy
pro cess is a struc tured tech nique used for ana lys ing com plex
prob lems, where a large num ber of in ter re lated ob jec tives or
cri te ria are in volved (Saaty, 1980). The weight of each fac tor is
de fined us ing the AHP. The weights of these cri te ria are de fined 
af ter they are ranked ac cord ing to their rel a tive im por tance.

There fore, when all fac tors are sorted in a hi er ar chi cal man -
ner, a pairwise com par i son ma trix for each fac tor is es tab lished
to en able an im por tance com par i son. The rel a tive im por tance
be tween the cri te ria is eval u ated from 1 to 9, in di cat ing less im -
por tant to much more im por tant cri te ria (Ta ble 2; Saaty, 1990).
How ever, weight ing by AHP is widely used in many ap pli ca tions 
and is rec om mended to be used for re gional stud ies (Kazakis et 
al., 2015).

The pro posed meth od ol ogy sug gests a pairwise com par i -
son, us ing an 8 ´ 8 ma trix, where di ag o nal el e ments are equal
to 1. Con se quently, all the ground wa ter in flu enc ing fac tors are
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Fac tor Ma jor ef fect Mi nor ef fect Rates

Lin ea ments 2 0 2.0

Land use 1 1 1.5

Li thol ogy 4 0 4.0

Drain age 1 1 1.5

Slope 2 1 2.5

Soil 1 0 1.0

Rain fall 1 1 1.5

Geo mor phol ogy 2 0 2.0

TOTAL 14  4 16    

T a  b l e  1

Calculation of ef fects and rates of fac tors that af fect
ground wa ter po ten ti al ity

Op tion Nu mer i cal value(s)

Equal 1

Mar gin ally strong 3

Strong 5

Very strong 7

Ex tremely strong 9

In ter me di ate val ues 2, 4, 6, 8

Re flect ing dom i nance of sec ond al ter na tive
com pared with the first Re cip ro cals

T a  b l e  2

Cal cu la tion of ef fects and rates of fac tors that af fect 
ground wa ter po ten ti al ity (Saaty, 1990)



com pared against each other in a pairwise com par i son ma trix
(Razandi et al., 2015). The val ues of each row char ac ter ize the
im por tance be tween two pa ram e ters (Ta bles 3 and 4). The first
row of the ta ble il lus trates the im por tance of flow ac cu mu la tion
as re gards the other pa ram e ters which are placed in the col -
umns (Kazakis et al., 2015).

To eval u ate the ma trix of the AHP, we com puted the con sis -
tency ra tio (CR) us ing the fol low ing Equa tion 5:

CR
CI

RI
= [5]

where: RI – the ran dom in dex whose value de pend on the or der of
the ma trix; CI – the con sis tency in dex which can be ob tained as (6):

CI
n

n
=

-

-

lmax

1

[6]

where: l – the larg est eigenvalue of the ma trix and can be eas ily de -
ter mined from the men tioned ma trix; n – the num ber of ground wa ter
con di tion ing fac tors. Ac cord ing to Saaty (1980), the con sis tency ra -
tio (CR) must be <0.1.

Con se quently, all the con di tion ing fac tors are com pared
against each other in a pairwise com par i son ma trix.

To de ter mine the as signed rank of dif fer ent fea tures of in flu -
enc ing fac tors, we clas si fied them into 10 classes ac cord ing to
the de scrip tion of each fac tor based on lit er a ture re view
(Shahid et al., 2000; Shaban et al., 2006; Kourgialas and
Karatzas, 2011).

RESULTS AND DISCUSSION

INFLUENCING FACTORS MAPS

Lin ea ments (LD). Sta tis ti cal pro cess ing of lin ea ments enu -
mer ates 1,053 lin ea ments. The spa tial dis tri bu tion shows high
gen eral den sity of lin ea ments in struc ture cen tres. At some lo -
cal i ties, it reached 2.5 lin ea ments per 1 km2. The lin ea ments
den sity de creases pro gres sively away from the cen tres of struc -
tures; even it is folded and struc tured do main (Fig. 4A).

The rose di a gram (Fig. 5) shows clear dom i nance of a
NE–SW ma jor di rec tion of lin ea ments. Rep re sen ta tion of lin ea -
ments was made by group ing di rec tional fam i lies with 10° class. 
This ma jor di rec tion of lin ea ments have the same axis folds di -
rec tion of study area folded struc tures. These struc tures have a
gen eral di rec tion of ENE–WSW to E–W that char ac ter izes the
Tu ni sian South ern At las (Zargouni, 1985; Zouari, 1995;
Ahmadi, 2006; Msaddek et al., 2016).

The re clas si fi ca tion of the ras ter lin ea ment-den sity file fol -
lowed into four classes, from poor to very good, ac cord ing to the 
class bound aries of Ta ble 5. The lin ea ment den sity was as -
signed a weight of 14% in the cal cu la tion of AHP weight ing of
fac tors that af fect ground wa ter po ten ti al ity (Ta ble 6). It can be
no ticed that in the white area, where no faults and lin ea ments
ex ist, the po ten ti al ity of ground wa ter pres ence is low, in con trast 
to the yel low – red area, where the prob a bil ity reaches the max i -
mum level.

Land use (LU). Land use is in cluded in this study as an im -
por tant fac tor af fect ing the ground wa ter po ten ti al ity. The land
use cat e gory is es tab lished us ing GIS and Re mote Sens ing in -
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Fac tor LG SL LD GM LU DD RF SO

LG 9/9 9/7 9/5 9/5 9/3 9/3 9/3 9/1

SL 7/9 7/7 7/5 7/5 7/3 7/3 7/3 7/1

LD 5/9 5/7 5/5 5/5 5/3 5/3 5/3 5/1

GM 5/9 5/7 5/5 5/5 5/3 5/3 5/3 5/1

LU 3/9 3/7 3/5 3/5 3/3 3/3 3/3 3/1

DD 3/9 3/7 3/5 3/5 3/3 3/3 3/3 3/1

RF 3/9 3/7 3/5 3/5 3/3 3/3 3/3 3/1

SO 1/9 1/7 1/5 1/5 1/3 1/3 1/3 1/1

T a  b l e  3

Pairwise com par i son ma trix

Fac tor LG SL LD GM LU DD RF SO

LG 1     1.28 2   2   3     3     3     9

SL 0.8  1     1.4 1.4 2.33 2.33 2.33 7

LD 0.6  0.71 1   1   1.7  1.7  1.7  5

GM 0.6  0.71 1   1   1.7  1.7  1.7  5

LU 0.33 0.43 0.6 0.6 1     1     1     3

DD 0.33 0.43 0.6 0.6 1     1     1     3

RF 0.33 0.43 0.6 0.6 1     1     1     3

SO 0.11 0.14 0.2 0.2 0.33 0.33 0.33 1

T a  b l e  4

Cal cu la tion of nor mal ized weight pa ram e ters of ground wa ter 
po ten ti al ity in dex
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Fig. 4. Ground wa ter in flu enc ing fac tors

A – lin ea ment den sity; B – land use; C – li thol ogy of out crops; D – drain age den sity; E – slope; F – soil; G – rain fall; H – geo mor phol ogy



ves ti ga tion re sults pro vided by the Gen eral De part ment of Wa -
ter Re sources (DGRE) and sat el lite im ages. The dis tri bu tion of
land use po ten tial of the study area is shown in Fig ure 4B. The
map in di cates that the study area is com posed mainly of bare
land (no land cover, just small semi-desert steppe; 72%), river
chan nel and sur face wa ter bod ies (25%), ag ri cul tural land and
veg e ta tion (2%) and build ings (<1%). It can be no ticed that in
the blue area that in di cates the ex is tence of wa ter sur faces, the
po ten ti al ity of ground wa ter reaches the max i mum level. In the
brown area that re fers to bare land, the po ten ti al ity is good.

The clas si fi ca tion of the ras ter land use file fol lowed into four 
classes, from poor to very good, ac cord ing to the class bound -
aries of Ta ble 5. The land use was as signed a weight of 8% in
the cal cu la tion of AHP weight ing as signed to fac tors that af fect
ground wa ter po ten ti al ity (Ta ble 6).

Li thol ogy (LG). In the study area, eight geo log i cal units are 
out cropped. These are Tri as sic salt ma te ri als (T), Ju ras sic solid 
lime stone (J), Early Cre ta ceous dolomites and marls (EC), Late 
Cre ta ceous marls and frac tured lime stones (LC). The
Paleogene de pos its are char ac ter ized by abun dance of
Palaeo cene clays (P) and al ter na tions of lime stone and phos -
phate clays of Eocene age (E). The Mio cene is rep re sented by
sands and silts (M). The Qua ter nary (Q) is com posed of re cent
sands and con glom er ates (Fig. 4C).

The Mio-Plio-Qua ter nary silts, sands and con glom er ates are
con sid ered to be wa ter bear ing and are an im por tant source of
ground wa ter in the area. Con se quently, they are the most pro -
duc tive and widely avail able aqui fer in the re gion. The Cre ta -
ceous frac tured lime stones are con sid ered a stra te gic aqui fer.

The clas si fi ca tion of the ras ter li thol ogy file fol lowed into four 
classes, from poor to very good, ac cord ing to the class bound -
aries of Ta ble 5. Sands and con glom er ates are widely pres ent
in the study area, and are con sid ered very good for ground wa -
ter po ten tial. Sands and silts are char ac ter ized by good ground -
wa ter po ten tial. Al ter na tions of car bon ates, clays and marls are
char ac ter ized by mod er ate in fil tra tion from rain fall. Clays and
salts are found in the ex treme east ern por tion and in the west -
ern part of the area, and are gen er ally con sid ered a poor zone
for ground wa ter po ten tial.

The li thol ogy fac tor was as signed a weight of 25% in the cal -
cu la tion of AHP weight ing as signed to fac tors that af fect
ground wa ter po ten ti al ity (Ta ble 6).

Drain age den sity (DD). The drain age net work pat tern of
the study area is shown in Fig ure 4D. The clas si fi ca tion of the
ras ter drain age den sity file fol lowed into four classes, from poor
to very good, ac cord ing to the class bound aries of Ta ble 5. The
drain age den sity was as signed a weight of 8% in the cal cu la tion 
of AHP weight ing as signed to fac tors that af fect ground wa ter
po ten ti al ity (Ta ble 6). It can be no ticed that in the blue area,
where no rivers and wa dis ex ist, the po ten ti al ity of ground wa ter
pres ence is low, in con trast to the yel low – red area, where the
prob a bil ity reaches the max i mum level.

Slope (SL). A slope map pre pared from the dig i tal el e va tion 
model of SRTM of the study area is shown in Fig ure 4E. The
slope per cent age in the area var ies from 0 to 25%, but it can
reach 68% at some lo cal i ties es pe cially in the moun tain ous
zone. Ac cord ing to these re sults, as shown in Ta ble 5, the study 
area can be di vided into four slope classes. The ar eas hav ing
0 to 5% slope fall into the “very good” cat e gory be cause of the
nearly flat ter rain and a rel a tively high in fil tra tion rate. Most of
the study area (75%) falls un der this cat e gory. The ar eas with 5
to 15% slope are con sid ered “good” for ground wa ter stor age
due to slightly un du lat ing to pog ra phy with some run off. The ar -
eas hav ing 15 to 25% of slope cause rel a tively high run off and
low in fil tra tion, and hence are cat e go rized as “mod er ate”. The
fourth (>25%) cat e gory is con sid ered “poor” due to higher slope
and run off.

The slope fac tor was as signed a weight of 19% in the cal cu -
la tion of AHP weight ing as signed to fac tors that af fect ground -
wa ter po ten ti al ity (Ta ble 6). It can be no ticed that in the or ange – 
red area, where the slope per cent age is im por tant, the po ten ti -
al ity ground wa ter pres ence is low, in con trast to the green area,
where the prob a bil ity reaches the max i mum level.

Soil (SO). The anal y sis of the soil type re veals that the
study area is cov ered pre dom i nantly by silts and fine sands in
its north ern part (54.6%), sands and con glom er ates in its south -
ern part (42.4%) and clays (3%) in its west ern part (Fig. 4F).

The clas si fi ca tion of the soil type fol lowed into three classes; 
poor, mod er ate and very good, ac cord ing to the class bound -
aries of Ta ble 5. The soil fac tor was as signed weight of 3% in
the cal cu la tion of AHP weight ing as signed to fac tors that af fect
ground wa ter po ten ti al ity (Ta ble 6).

Rain fall (RF). For the pres ent study, monthly rain fall data
were col lected from three sta tions in the study area dur ing 25
years from 1990 to 2015. The mean an nual rain fall ranges from
150 to 300 mm. The re sult ing map shows five classes with two
ma jor ground wa ter po ten tial “good” and “mod er ate” (Ta ble 5
and Fig. 4G): 270–300 mm/y (good), 240–270 mm/y (good),
210–240 mm/y (mod er ate), 180–210 mm/y (mod er ate), and
150–180 mm/y (mod er ate).

The rain fall fac tor was as signed a weight of 8% in the cal cu -
la tion of AHP weight ing as signed to fac tors that af fect ground -
wa ter po ten ti al ity (Ta ble 6). It can be no ticed that in the brown
area, the po ten ti al ity of ground wa ter pres ence is low, in con trast 
to the green area, where the prob a bil ity reaches the max i mum
level.

Geo mor phol ogy (GM). Based on the phys io graphic char -
ac ter is tics, the land forms of the study area (Fig. 4H) can be
classigied into three dif fer ent units (Ta ble 5) namely: (1)
waterbodies, rivers and wa dis are con sid ered very good for
ground wa ter po ten tial; (2) plains and low lands where the el e va -
tion is be tween 7 (m) and 200 (m) above mean sea level are
char ac ter ized by very good ground wa ter po ten tial; (3) moun -
tains and high land forms where the el e va tion is be tween 200
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Fig. 5. Rose di a gram of lin ea ments di rec tions
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Fac tors
AHP weight Ef fec tive weight ing [%]

the o ret i cal
weight ing

the o ret i cal
weight ing [%] max. min. mean [µ] stan dard de vi a tion

(SD)

LG 0.25 25 25 5   23.56 8.75

SL 0.19 19 19 3.8 18     6.65

GM 0.14 14 14 7   17.67 4     

LD 0.14 14 14 2.8 15     5     

RF 0.08   8      6.4 4     7.55 1.3  

DD 0.08   8   8 1.6   7.55 1.3  

LU 0.08   8   8 1.6   7.55 1.3  

SO 0.03   3   3 0.6 3   1.2  

T a  b l e  6

Weight ing cal cu la tion of in flu enc ing fac tors

Fac tor Do main of ef fect Ground wa ter po ten tial As signed rank

Li thol ogy (LG)

clays and salts poor   2

al ter na tion car bon ates/clays/marls mod er ate   5

sands and silts good   8

sands and con glom er ates very good 10

Slope (SL)

>25° poor   2

15–25° mod er ate   5

  5–15° good   8

0–5° very good 10

Geo mor phol ogy (GM)

[m]

  7–200 very good 10

200–903  mod er ate   5

Wa dis very good 10

Lin ea ments den sity (LD)

[per 1km2]

0–1  poor   2

1–1.5 mod er ate   5

1.5–2      good   8

2–2.5 very good 10

Rain fall (RF)

150–180 (mm/an) mod er ate   5

180–210 mod er ate   5

210–240 mod er ate   5

240–270 good   8

270–300 good   8

Drain age den sity (DD)

[km2]

0–1 poor   2

1–2 mod er ate   5

2–3 good   8

   3–3.5 very good 10

Land use (LU)

build ing poor   2

veg e ta tion mod er ate   5

bare land good   8

wa ter sur face very good 10

Soil (SO)

ar gil la ceous poor   2

silty and fine sandy mod er ate   5

sandy and con glom er atic very good 10

T a  b l e  5

Clas si fi ca tion of var i ous fac tors for ground wa ter po ten tial zones



and 903 m in the study area are gen er ally con sid ered a mod er -
ate zone for ground wa ter po ten tial.

The geo mor phol ogy was as signed a weight of 14% in the
cal cu la tion of AHP weight ing as signed to fac tors that af fect
ground wa ter po ten ti al ity (Ta ble 6).

WEIGHTS DETERMINATION USING AHP

To de ter mine the rel a tive im por tance val ues, the au thors
used Saaty’s an a lyt i cal hi er ar chy pro cess (AHP) with a scale
from 1 to 9, where a score of 1 rep re sents equal im por tance be -
tween the two fac tors, and a score of 9 in di cates the ex treme
im por tance of one fac tor com pared to the other. Ta ble 3 shows
a ma trix for com par ing the classes in or der to achieve the pri or -
ity. The weights as signed to dif fer ent the matic lay ers are sum -
ma rized in Ta ble 4.

The AHP cap tures the idea of un cer tainty in judge ments
through the prin ci pal eigenvalue and the con sis tency in dex
(Saaty 1990).

To cal cu late the con sis tency of the pairwise com par i son
ma trix, we used Equa tion 5 for the mea sure ment of con sis tency 
ra tio (CR). Two pa ram e ters must be cal cu lated, which are CI
and RI.

For the val ues of Ta ble 4, RI = 1.41 and CI was cal cu lated
ac cord ing to Equa tion 6, for: lmax = 8.32, n = 8

Even tu ally, CI = 0.06 and the con sis tency ra tio CR = 0.04.
Since the CR value is lower than the thresh old (0.1), the
weights’ con sis tency is af firmed.

To pro ceed the clas si fi ca tion of var i ous fac tors for ground -
wa ter po ten tial zones shown in Ta ble 5, each fac tor was di vided 
within their do main of ef fect and the weighted rat ing was as -
signed for each do main based on weightage cal cu la tion of fac -
tors shown in Ta bles 3 and 4. All fac tors have ground wa ter po -
ten tial clas si fi ca tion from poor to very good within their do main
of ef fect (Shahid et al., 2000; Shaban et al., 2006; Kourgialas
and Karatzas, 2011).

The au thors have cou pled the AHP with a sen si tiv ity anal y -
sis pro cess that eval u ates the im pact of each cri te rion on the
method to de ter mine the sen si tiv ity of fac tors to the weights
chang ing. In the sen si tiv ity anal y sis, the ini tial ar bi trary val ues of 
the in dexes that AHP uses are re placed with some de riv a tive
in dexes, the “ef fec tive weights” cal cu lated from the fol low ing
Equa tion 7:

W
P P

V
r w=

´
´100 [7]

where: W – ef fec tive weight of each pa ram e ter; Pr – pa ram e ter’s rat -
ing; Pw – pa ram e ter’s weight; V – ag gre gated value of the ap plied in -
dex.

The “ef fec tive” weights are the func tions of the eight pa ram -
e ters as well as the weight as signed to it by the the o ret i cal AHP. 
The ef fec tive weights (Ta ble 6) are used to cal cu late the re -
vised the o ret i cal AHP weights. How ever, the sen si tiv ity anal y -
sis shows that there is a slight vari a tion in the val ues of the
weights, and the in ten sity of im por tance of each pa ram e ter
does not change. It re veals that the li thol ogy, slope and geo -
mor phol ogy have a greater in flu ence on the ground wa ter po -
ten tial in the stud ied re gion.

MAP OF GROUNDWATER POTENTIAL ZONES

The ground wa ter po ten tial zones for the study area were
gen er ated through the in te gra tion of var i ous the matic maps of
lin ea ments, land use, li thol ogy, drain age, slope, soil, rain fall

and geo mor phol ogy us ing re mote sens ing and GIS tech niques. 
The de mar ca tion of ground wa ter po ten tial zones for the study
area was made by group ing the in ter preted lay ers through the
weighted multi-influencing fac tor and finally as signed dif fer ent
po ten tial zones.

The ground wa ter po ten tial zone of the study area can be di -
vided into four grades, namely very good, good, mod er ate and
poor. The ground wa ter po ten tial map (Fig. 6) dem on strates that 
the ex cel lent ground wa ter po ten tial zone is con cen trated mainly 
in the east ern re gion of the study area due to the dis tri bu tion of
al lu vial plains and ag ri cul tural land with high in fil tra tion abil ity.
Fig ure 7 shows the sur face in (km2) and (%) for each ground wa -
ter po ten tial zone. It shows that >50% have a good to very good
po ten tial.

The to tal of weighted rat ing of each fac tor was used in the
math e mat i cal Equa tion 1 of the weighted lin ear com bi na tion
method (WLC) to cal cu late ground wa ter po ten ti al ity in dex:

Ip = 0.25 ´ 9 + 0.19 ´ 7 + 0.14 ´ 5 + 0.14 ´ 5 + 0.08 ´ 3 +
0.08 ´ 3 + 0.08 ´ 3 + 0.03 ´ 1 = 2.25 + 1.33 + 0.7 + 0.7 + 0.24 +
0.24 + 0.24 + 0.03 = 5.73

This in dex per mit ted to cal cu late the ef fect of the fac tors on
ground wa ter ca pac ity (Fig. 8). It in di cates that li thol ogy and
slope play a vi tal role in ground wa ter po ten tial with 39.27% and
23.21% in the ground wa ter ca pac ity, re spec tively. More over,
geo mor phol ogy and lin ea ment den sity also help the in fil tra tion
abil ity of the ground wa ter sys tem with 12.22% for each one.
Rain fall, drain age den sity and land use have 4.19% in ground -
wa ter po ten tial for each one. Fi nally, the soil fac tor has a small
ef fect on ground wa ter po ten tial with 0.52%.

It is en cour ag ing to com pare this fig ure with that found by
Mokadem et al. (2018) who dem on strate map ping and eval u a -
tion of ground wa ter re charge po ten tial in arid en vi ron ments in
Tu ni sia us ing a sim i lar method. Au thors con firm that the use of
a smaller num ber of in flu enc ing pa ram e ters de crease the ac cu -
racy of re sults. Chenini and Ben Mammou (2010) ap plied nu -
mer i cal mod el ling to val i date ground wa ter re charge po ten tial
ac cu racy in the Meknassy ba sin, an arid re gion lo cated in
south ern Tu ni sia. They found a broad link be tween earth sur -
face pa ram e ters and ground wa ter po ten tial zones.

Magesh et al. (2012) ap plied a sim i lar method in Theni dis -
trict, Tamil Nadu, In dia. They re ported dif fer ent re sults on the
weighted rat ing of the in flu enc ing fac tors. They show that the
soil has a vi tal role in ground wa ter aug men ta tion. In the cur rent
study, the soil has a mi nor ef fect on ground wa ter po ten tial.
Kumar et al. (2014) found a dif fer ent weighted rat ing for the in -
flu enc ing fac tors in the Durg dis trict, In dia. The same con clu -
sion was re ported by Machiwal et al. (2011) in a semi-arid re -
gion in In dia. The com par i son with those works shows that the
im pact of fac tors on ground wa ter po ten tial may de pend on
site-spe cific fea tures and user’s def i ni tions of weights and
rates.

The pro posed meth ods for the es ti ma tion of ground wa ter
po ten tial zones are a pow er ful tool that helps on de ci sion-mak -
ing. It re spect closely the char ac ter is tic and the dif fer ent cri te ria
of any study area. It can be a use ful tool for the plan ning against
overexploitation, and for the wa ter re sources man age ment,
sup ply and op ti mi za tion.

Al though widely ac cepted, this method suf fers from some
lim i ta tions due to the uses of an ex ten sive da ta base and large
sta tis ti cal in for ma tion. Thus, the re sults can vary ac cord ing to
the quan tity of data used. How ever, this method does in volve a
po ten tial mea sure ment er ror.

The pro posed ap proach is use ful in other case stud ies in dif -
fer ent cli mates, such as hu mid re gions. Re sult de pends on
site-spe cific fea tures and user’s def i ni tions of weights and
rates. The in flu enc ing fac tors and their weights and rates vary
from one re gion to an other.
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Fig. 6. Ground wa ter po ten tial zone map of the Bouhedma re gion

Fig. 7. Pie chart for the dis tri bu tion 
of ground wa ter po ten tial zones

Fig. 8. Pie chart for the ef fect of fac tors 
on ground wa ter ca pac ity



CONCLUSION

This study adopts Saaty’s method based on multi-cri te ria
eval u a tion, an a lytic hi er ar chy pro cess (AHP), Re mote Sens ing
and GIS, and was ap plied to as sess the ground wa ter po ten ti al -
ity in the Bouhedma re gion, south west ern Tu ni sia. Eight pa -
ram e ters with dif fer ent weights (lin ea ments, land use, li thol ogy,
drain age, slope, soil, rain fall and geo mor phol ogy) were used,
re sult ing in a fi nal map based on weighted lin ear com bi na tion.
Sta tis ti cal sen si tiv ity anal y sis on the val ues as signed to the dif -
fer ent cri te ria val i dates the ef fi ciency of the de vel oped meth od -
ol ogy. The Bouhedma area is di vided into four dif fer ent zones,
namely; very good, good, mod er ate, and poor. The re sults of
the study re veal a high ground wa ter po ten tial (good to very
good) in >50% of the study area. The ef fect of each in flu enc ing
fac tor on ground wa ter ca pac ity was com puted. The re sults of
the pres ent study can serve as guide lines for plan ning fu ture
artificial re charge pro jects in the study area. The pro posed
method can be ap plied in man ag ing ground wa ter use, such as
in re gional ground wa ter de vel op ment plan ning, de ter mi na tion

of prom is ing ground wa ter de vel op ment ar eas, and con trol ling
the wa ter-sup ply sys tem based on a sys tem atic, ob jec tive and
sci en tific de ci sion model. In ad di tion, the ground wa ter po ten tial
zone map can greatly help plan ners seek ing suit able lo ca tions
at which to im ple ment ex plo ra tion. The method used in this
study is also valid for gen er al ized plan ning and as sess ment
pur poses in or der to en sure sus tain able ground wa ter uti li za tion. 
How ever, this method might be more use ful if it is com bined
with a com ple men tary hydrogeological study, such as aqui fer
ge om e try, piez om etry and ground wa ter geo chem is try. The ver -
sa til ity of the method can in te grate dif fer ent pa ram e ters and
fac tors and re de fine eas ily their weights, so the method could
be ap plied in a wider va ri ety of re gions. It re spect closely the
char ac ter is tic and the dif fer ent cri te ria of any study area.

Ac knowl edge ments. Re motely sensed data and SRTM
were avail able from the U.S. Geo log i cal Sur vey. The re search
was sup ported by Tu ni sian Min is try of Higher Ed u ca tion and
Tu nis El Manar Uni ver sity with the col lab o ra tion of the Uni ver -
sity of Mouloud Mammeri of Tizi-Ouzou (Al ge ria).
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