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Abstract: The study area is located in the Adrar region of Northern Mauritania covering the main watersheds
of Atar district (Wadi Seguelli) and Aoujeft district (Wadi Labiodh). The agricultural activities of palm trees and
gardening under palm trees are the main economical activities in this region. The farmers depend directly on
the water pomnts at the Wadis alluviums for irrigation and water supply. Meanwhile, this sensitive resources
are under the influences of sever natural conditions and increasing demand for agricultural use as well as for
domestic use. All these have made the development of water resources one of the difficult challenges mn this
region. This study aims at identifying suitable sites for Water Harvesting (WH) in the arid zone of Northern
Mauritania (casis area) using Landsat imagery and GIS technology. The combinations of different thematic
layers; prepared from remote sensing images and ancillary data, such as land cover, geology, slope, drainage,
geomorphology and lineament, using weighted overlay techmque permit an effective way for momnitoring and
planning natural resources. The suitability analysis results reflect the limitations of suitable areas, which are

concentrated at the Wadis beds along the valley zone with 1.4% of excellent to high suitability.
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INTRODUCTION

In the drier environment, most of the ramwater is lost
by evaporation, therefore the rainwater productivity 1s
extremely low (Oweis and Hachum, 2006). The efforts of
development in the western African countries are mainly
oriented to the semi-arid zone because of its agricultural
and pastoral importance compared to the arid zone. This
negligence of arid land productive areas will add more
pressure on the semi arid zone and complicate its fragile
environmental conditions and social problems. The study
area 1s located in the Northern Mauritania and makes part
of the north-western Africa desert, which 1s
designated as oasis area since the agricultural activities
are mainly concentrated in the oasis of palm trees
along the Wadis of the region The study area
represents the most important reserve of date palm
trees at the national level i terms of trees number and in
terms of date fruit productions. This region has been
suffering from sever droughts due to ramnfall shortages
and irregularity that resulted in the increase of sand
dune movement and desertification. The sand dune
movements are menacing the arable land of oasis and
occupymng large areas especially after the drought of
late 1960s and 1980s. The frequencies of rainfall are

varying within each 10 vears by 2, 3.5 and 4 vears cycles,
which mdicate a persistent drought m the region of
Northern Mauritania (Ould Cherif Ahmed et al., 2006).
Therefore, the need for talking counter measures for
conserving and developing the endangered natural
resources 1s urgent.

The development of water resources plays a central
role in combating desertification and settling the peoples
1n their areas.

The usable water n the study area, in general, comes
from two sources:

¢  The groundwater of the deep geologic layers: very
much related to the tectormic accident presence
mainly and its geographic placement near a source of
recharge (1.e., Wadi).

¢+ The water tables at the Wadis alluvium: the
renewable resources because of its lugh capacity of
storing the runoff after rainfall occurrences.

The groundwater quality is generally considered
salty in most cases and its exploration cost 15 very high.
In addition, in some locations water level falls down
because of over pumping and the environmental
problems, such as salinity, were complicated.

Corresponding Author: Ahmedou Ould Chernif Ahmed, United Graduate School of Agricultural Sciences, Tottori University,
Koyama Minami 4-101, Tottori, 680-8553, Japan
2911



J. Applied Sci., 7 (19): 2911-2917, 2007

The geologic structure of the Adrar region is
composed of the infracambirian series in the north and
North West and of the Cambro-Ordovician (cliffs series)
in the East to the South. The cliffs series stand over the
Infracambirian series by the intermediate of tillite.
Appendix 1 explains the geological formation of the area.

Labiadh and Seguelli watersheds are mainly
composed of the Cambro-Ordovician sandstone and
Precambrian  (limestones and sandstones) layers,
respectively. The relief of the area gashes deeply by a
dendritic drainage system, which are traced and oriented
by tectonic accidents. The valleys are very narrow and
constituted by fines alluviums more or less cemented over
more coarse formations.

Conservation and development of water resources
are important ways to reduce our impact on water
resources and environment. Water Harvesting (WH) 1s a
promising method for development of water resources
especially in the arid environment where much pressure is
exerted on the ground water. The use of suitable water
harvesting techniques leads to increasing recharge of
alluvium layers instead of runoff being left to cause
erosion or evaporate from depressions surfaces.

Remote sensing with its spatial, spectral and temporal
characteristics is a very useful tool for evaluation and
monitoring the earth surface properties and its changes.
In the land where the sites are inaccessible and large, the
use of satellite images
economically encouraging. The Geographical Information
System (GIS) technology becomes a very important tool
for monitoring and management in all fields including the

become a necessity and

environmental fields, because of its efficiency as a tool for
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Fig. 1: Study arca location map

collecting, storing, retrieving, transforming and displaying
spatial and non spatial data (Padmavathy ef al., 1993)
(Appendix 1).

In this research we applied remote sensing and GIS
technologies for monitoring the land surface
characteristics in the watersheds of Wadi Labiadh and
Seguelli in the oasis area of Northern Mauritania and we
deployed the Analytical Hierarchic Process (AHP) in the
attempt of identification of suitable sites for WH.

MATERIALS AND METHODS

The study area is located between 12.7° to 13.32°
West and 19.88° to 21.02° North covering the two main
watersheds of the Adrar region in the Northern
Mauritanian arid land (Fig. 1). The Wadi Seguelli
watershed of Atar district and Wadi Labiadh watershed of
Aoujeft district are the most important farming areas in the
Adrar region with a total surface of 455745.1 ha.

These oasis areas have been suffering from sand
dune movement and water shortages as mentioned before
especially after the droughts periods. Farmers depend on
the shallow water tables for irrigation and drinking
purposes. Therefore, the farming activities are very
sensitive to the rainfall as the sole source of recharging
water tables. Eighty five percent of Ardar oasis is located
in this area where about 44% of the national date palm
trees are being cultivated. The coverage of these trees in
both watersheds was estimated to 814184 trees
(Anonymous, 1993).

The Landsat images of Earth Observation System
(EOS) at different periods were used in this research. EOS
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Table 1: List of materials and data

Type of data Details of data Source of data
Topographic maps Atar, Chenguetti, El Gleitat and Far Aoun sheets, 1974. (Scale 1: 200 000)  IGN (Institut Geaographique National) France.
Hydrogeologic maps Atar and Chenguetti sheets, 1966 (Scale 1: 200 000) TGN

Landsat ETM+ SRTM

Earth Science Data Interface (ESDI)

Scene Date Scene Date At GLCF (Global Land Cover Facilities) of

P203 2001- p203 2000 NASA

046 12-13 046

P204 2000- p204 2000

045 12-01 046

P204 2000-

046 12-01

Ancillary Data Reports of several studies in the region

Hydraulic ministry, studies Office...etc.

13 one of the oldest sources of satellites images. Its data
availability and the effectiveness of its spatial resolution
for studymng arid land area make it one of the best tools.
Enhanced Thematic Mapper (ETM) of 2000-2001, was
supplied by the Global Land Cover Facilities (GLCF). Also
the Shutler Radar Thematic Mapper (SRTM) scenes of
90 m of 2000 mission were acquired from the same source.
Other ancillary data such as topographic, hydrogeologic
maps and several reports related to water resources of the
study area were collected from different sources in
Mauritania (Table 1).

This study was carried out during 2005-2006 on the
development of arid environment.

The methodology of this study 15 shown
schematically in the flowchart (Fig. 2) and divided mto
three main stages:

Stage one (data preparations): The ancillary and digital
data were collected and prepared. The methodology
adopted according to the available data and tools.

Stage two (data processing in erdas): Import of data to
the ERDAS IMAGINE software, geometric correction
(Projection: UTM, WGSB4, Zone 28), mosaic of different
digital images, demarcation and subset of study area
umages were conducted.

*  Images classification

* Digitization of the drainage network, lineament,
geologic and geomorphologic maps was done using
both satellite data (visual interpretation) and the
cartographic maps.

*  Correction of the Digital Elevation Model according
to topographic maps of the study area.

Stage three: The different thematic maps were preceded
in the ArcGIS software for the final analysis deploying the
AHP method and weighted overlay method for WH
suitable site identification.

AHP: The Analytical Hierarchical Process (AHP)
developed by Saaty (1980 and 1995) allows managers to
make simple comparisons of different criteria involved in

Satellite data
Landsat ETM+and

Ancillary data
Tropographic map, hydro-geologic
map, reports

(Do prosseng]

Geometric correction

Mosaic

Subset

(eneration of the matic map

¥
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&

[Water harvesting suitable zone map|

processing and analysis |
B

Fig. 2: Methodology flowchart

a decision by producing a hierarchy. This method was
selected because of its applicability in decisions involving
multi-criteria. Tt uses both quantitative and qualitative
data and the availability of ample literature describing its
method.

The AHP provides a system approach in conducting
multi-criteria analysis and decision making and orgamzes
the problem mto smaller parts and calls for pamrwise
judgments to develop a hierarchy. This hierarchy is then
manipulated analytically to produce a final matrix
representing the overall priorities of the alternatives
relative to each other using the fundamental input of the
method is: The decision makers answers to a series of
questions of the general form, 'how important is criterion
A relative to criterion B? Questions can be easily
answered using the mne-pomt scale and evaluating
thematic layer classes in term of infiltration, perception,
retention and storage for effective decision for WH. The
results pair wise comparisons of the thematic layers are
shown in Table 2.

Weighted overlay: Using the Saaty scale, explamed
above, the ranking of different parameters (thematic maps)
and their classes were done based on the field knowledge
and experts consultation. Table 2 shows the different
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Tahle 2: Ranke of differsnt hoyers classes

G otrorpholozy Land cowrer Slope Linesrrent dereing Diraihaze borffers Crealogyr
E Class E Class E Class R Class R Class E Class
T Socle 5 Sand o 0-2* 9 0.7a-0.9 9 Order & 9 a1
e Talley 9 Vegetatiom 5 %13 5 0.59-0.79 7 Order 5 3 i1, i3 and 19
2 Hill= 3 Bare Soil 3 1-aes 1 0.30-0.5 5 Order 4 5 i2, Col-8 and A1 Srcient
2 Cliffs 1 Tirhar 1 ag-a57 1 0.19-0.39 3 Order 3 3 #,50,7, Sand and Socle
1 Sp-gst 1 0.00-0.19 1 Order 2 1 £ ,110, Cof-10 and Saline
E: Fank
Tahle 3: Wei of diff erent ¢ ngie H
Coavposites Layer Mleightt H
Copposite 1 Grealome 0.50 w 1?_ E
Creottorphu by 0.50
Composite 2 Linearrert 0.34
Land cower 0.68
Comtposite 3 Dirathage 0.20
Slope 0.0
Composite 4 Cortposie 1 0.0
Cornposie 2 0.40
Cotposie 3 0.40

WiLkighit is fhe percent of the awerage wable of the ranbis gained after
the pafr wwice combination, The wabies o Table 3 are noonalimed
which meat they are divide d by 100 so the total of ore ¢ orbination will
e equalto 1

ratis assigned to  differert classes and Table 3
shows the weights of different combinations In order
to compute an effective weighted overlay authors
Anayzed the reclassified thematic m aps according to their
ranks vaues and converted to raster type with a 285 m
cell size

The final moap of WH (Composite $) obtained and it
reflects the zones according to their degree of suitakdlity
which vary from excellert to poor zone.

The spatial analysis  tools  (reclassification
cotrversion and overlay) vary depending on the experts
decisions. However, the outputs from this method are
more sciertific aid more reliable than the classicd
methods in term of time and costs.

RESULT S AND DISCTU 5510

Thematic hyers: In suwch aid zone in developing
couitries the unavalability of adecuate data vsually is
the most challenging poirt for researchers.

The economic factor also is of importance in argy
strategy for development in arid zones Therefore, we
tried innthis research to exploit the available data wiich
cattbe found easily with mininown costs.

The delicate point in this analysis is the choices
among the different layers regarding the identification of
WH suitable sites. For that purposes we proceeded and
atalyzed each layer separately according to its suitability
as shown in the Table 3. For example the land cover map
of Latidsat was classified; using supetvised classification,
into fouwr broad dasses as shown inFig 3 andranked
fror andysis from the most suitable (vegetation) to least
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Fig 3: Land cover map of 2000-01
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Fig &4 Geologic map of shady area

suitable (wban ares). Prire o of. (1998 proved that
vegetation contribites in the increase of ranfall
interception, retertion and infiltration rates in the semi-
atid zone of Syria. The geological formations (Fig. 4) are
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of impottance regarding the hypdvaulic characteristics of
the layers such as storage capacity,

The tydrological map wsed for the digitization of
geologic layers of the study area and the ranking of their
suitability carried out according to the pervious results of
drilling wells and geoplorsical investigationin the reglon
The dranage nete ok play important role for recharging
the alluvums of Wadis beds and subsuface layers. The
water points in this area are mostly located at the area of
drains because of its geological setting and its Inrd andic
properties. Therefore, it is one of the most criteria for WH
analysis. The topograplic maps were the base map for
digitizing its repartition and fizther modification using
Lardsat images to update the drans location and baffers
arouud the drains, wlichwere created to preserve the real
widths of the streams The system is dendritic in both
watersheds and the man drains of order § are Wad
Sueguelli and Wadi Labiadh (Fig. 50, Higher the walue of
drain order indicates ki gher suwtability for WH and here
we neglected the order 1 drains to facilitate the analysis
The geomorphclogy helps in reducing the suitability of
areas located in high altitudes (1, hills and cliffs) and
gives the pricrity to the walley area, which represenits the
most sitable sites for harvesting ranoff By visua
interpretation of satellite images in corjunction with
topographic maps we divided the morphoogy of the
study atea into the following units as showninFig 6:

' The socle or penep luin: The crystalline socle zone of
Angagas ocoupying stmal part in the West of the
gtudsy area with atitudes of around 100 m.

' The Hills (Baten zone): With elevations of more than
100 1 atwd islocated in the Morthern part.

»  The Cliffs (Dhar zone): Located in the East of the
shady area with the dominant altitode from 300 to
200 m.

*  The valley: Ceoupry the area bebween oiffs and
followring the tectoric accident directions making
tiarr oy drains inthe area.

The lineatnernts were identified by a visua
interpr etation of Latdsst images by taking the previous
warks  into  consideration  as  illustrated  in the
hydrogeclogic and topographic maps. The disteibution of
lineatmerts shows a general trend of M-WW direction in
gouth (wrad Lakd adb), MN-3 inthe north (eradi Seguelli) and
H-E inthe east (Sowi guiyat). The most importantregional
linne aiverds follow the stream courses of the main wadis
(Wad Begnelli, Takiadh and Souegniyaf). The lineam ents
density map (Fig. T prepared e Avchlap spatial analyst
function show s the classified density and high densityis
cotisidered of high sutability for WH. Thus, generally

— bm
0510 20 30 40

Fig 5: Dirainage map with stream order

— B

0510 20 30 40
Fig 6:Geomorphologic wnits map

liteamm etits are wadetlain by zones of focalized weathering
atid itvere ased permneability and potosity (Groo-Bum ef o,
2004,

The slope map (Fig £) was generated from the 90 m
Digital Elevation Mode (DELM) obtained by SRTL and
corrected  according  to the topographic  moaps
Subsequently the slope map was classified into the
following five broad classes: Lewvel: 0-27 Gentle: 2-127,
Moderate: 12-28% Bteep sloper 22537 and Very steepe
57-25% For our analysis amaller the slope walue iz
conaidered as more mitakle.

The dranage system, land cover and lineament
distribuati on represent the most important factors as they
serve the runoff courses and indicsors for water
availahility, On the other hand the allowiom and other
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Fig ¥: Lineaments density
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Fig Z: Elopes degrees map

prochactive geologie formation serve as reservoit for water
if their emplacetnent iz located at important drain with low
altitude, lowr slope and bgh line sth ents density. Hopefully
using a similat, easy to collect, data the plarmitg of WH
catn easily carried owt in the atid land areas using the
described approach

The suitable ateas as shown in Fig 9 generally
located at the walley zone and following the drains
cowgses. Therefore, the oasis farms can be dewveloped by
hatvesting ranwater passing nearhy.

The hatvested water cat be wsed for Suppl em ertary
Itrigation (30 and water supply o for the preservation of
wegetation in the desert area.

Firm o

Fig 9: Water harvesting sutability moap
CONCLUSIONS AND RE COMMENDATION

Ity this study different thematic moaps wete prepared
by updatitg existing ones while other thaps such as
liteament density, drdnage buffers and land cover, were
cteated for the first time for the study area and deployed
with others for analysiz. The suitdble sites for WH waty
from excellent to poot locationg according to the overlay
outpt. The results reflect the limitation of swtable zone
with a 92.8% of poor areas, 5.7% low to mediom and
atonzd 1.4% of high to excellert sutability areas These
results are very logic considering the geclogical setting
atid nataral conditions of the study  area. The
effectiveness of AHP in combination with GI3 for
atalyzing the site suitability for WH it dey land 15 prosred
atid the check dam techricque sesms the most suitable
consideting the phiysica characteristics of the study area
atd the availahility of construction materials locally

The necessity of developing and conserving water
resoutces in such berper arid zones with water scarcity is
evident. Howewer, the use of new techricques and
irtroduction  of  seientific approach  are  moore
adattageos.

Hopefidly, the presented method can help for
plarming and mansgemernt of water resources especially
whent the data are limited and the area is wider or
isclated.
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Appendix 1: Details of the sudy area geological formation

Era Symbol Formation's name Characteristics
Lower Precambrian Schist socle Amssaga Crystalline socle
11 Aguenni's Sandstone Hard quartzite limestone with schistose basement.
12 Azougui's Schist Colored schist with dolomites intercalation.
13 Foum Chor's Sandstone White quartzite sandstone
4 Ksar Torchane's Schist, Pelite, Varied litholgy
Dolomy, Limestone
s Atar's Limestone Dolometic limestones with silex and stramatolite
16 Tarioufet's Schist, Sandstone Dominated by pelites
and Limestone
17 Tawaz's Limestone Dolometic limestones with stromatolites
18 Oued Terraritt's clays Clayed layer with intercalation of thin micaceous
sandstone
19 Toueiderguilt's Limestones Dolometic limestones with stromatolites
110 Group of Assabet El Hassian Quartzite sandstones, fine sandstones, argillite
siltstones.
Cambro- Ordovician cOol Agmeminat's Limestones Tillite
CO1-8 Cambro-Ordovician basement Fine sandstones, pelites, clayed sandstones
formation and silex
cO9 Chenguetti's sandstones Quartzite sandstones
CO10 Aoyjeft's sandstones Quartzite sandstones and feldspatic clayed
sandstones
Quaternary Thne Rand Rand and sand dune
Ancient Al Ancient Alluviums Rocky, clayed, saline alluviums
Al Alluviums Rocky and sandy deposits.
Saline Sebkha Saline deposits
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