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ABSTRACT

Boultif, M. and Benmessaoud H. 2017. A GIS-based methodology for drought
vulnerability modelling: application at the region of el Hodna, central Algeria. Lebanese
Science Journa) 18(1):53-72.

Desert covers 80% of the Algerian territonyhile the remaining area is covered by
Mediterranean forests and arid climate steppe that are characterizeeMeye vulnerabilityat
differentstressesuch as droughespecially with the increasef nefarious human impaend
the overuse of naturaksourcesThe objective of this study is &malyseand assess drought
vulnerability in the area of El Hodna in cieal Algeria. The methodology wassedon theuse
of GIStoolsand multicriteria analysis(Analytical hierarchy processp develop a model of
vulnerability mapping. The results shesthat 35.6 6 of the study area wagry vulnerable
32.7% in fragile situation19.72% are potentially vulnerable, and only.83% of the surface
is not affectd. The droughtulnerability map provides a basis from which it will be possible
to prevent and prepare for a drought response.

INTRODUCTION

Drought isone ofthe most complex andast understoodaturalhazards thadffectslarge
numbers of people and resulh significant economic, social and environmental impacts
(Wilhite, 2005). Drought aggravates thgesson natural resources (soil and water reserves),
and jeopardizes food security and water supplies. It does not have a universal definition, but it
can be said that is a deficit of water availability comparing gonormal period (Layelmam,
2008). Droughevolves slowly, it does not presentiastantaneous danger. Rainfall deficit may
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occur after a few days, weeks, months or even years which makes it is a very difficult hazard
to monitor (Yasef and Saltani, 2009)he impacts of drought are observed olege area
compared to other natural hazards suchl@sds, topical storms, an@arthquakeswhich

makes it particularly challenging to quantify the impact (Wilhite, 2005). This phenomenon is
increased by the nefarious human effect on the environmemtjdiforestation, gas emissions,
livestock pressure, overgrazing attte overuse of natural resources (Safar ZitoR006).
Concerns about global drought and its impacts have become more pronounced in recent years
(Dai, 2011), particularlyn arid and semarid regionsClimatic disturbances are a major cause

of the vulnerability in these ecosystems)nerability definition isthe degreee f a syst emds
susceptibilityto climate changeand the inabilitto cope with adverse effects (Houghtetral.,
2001).Drought is monitored and quantified usitievelopedndices to depicthis phenomenon

in different applications (Dracup et al., 1980; Wilh#ed Glantz, 1985)These indices are
important tomo ni t or diinationy Geyuericg andpatid extent to providedecision
makerswith useful information needed to pae for a response (WMO, 2016).

Algeria is situated in a transition zone between temperate and subtropical clthates
the last twenty years, Algeria has experiensedglereand persistent periods of drought
characterized by a largeecipitationdeficit that affected the whole country (Bensaid, 2006
The problem of Algerian steppeébés vulnerability made
and Khelil, 2014; Medjereb andenia,2011; Bensaid, 2006, Nadjrap@011). The present
study seeks to identify the spatial extent of drought vulnerability in an arid region situated in
central Algeria, by developing GIS modelwith integrating meteorological, remotely sensed
and socioecormuic indices and parameters that will form sulieria whose mapping is the
first step to build this wdel, the second step is to map critéaigers of climate, soil, vegetation
qualityand socieeconomic pressure, the final step is to use multicriteiddyais to map criteria
layer and aggregate them to have the final vulnerability. map

MATERIALS AND METHODS

Study area

The study area is situated the steppes otentral Algeria, in El Hodna regn,
( 4 A9 0 6NLaAB3BAV® 35°1706E). It extends over 6 suflivisions of thestateof M'sila:
Maadhi d, M6t ar f a, Mési | a, (FRoré)spaaning theGieed @& d madhi and
1261.20 km?, including the saltpannanfie€ h ot t E | ntHaosd).fhes study ate@ Bas
a transitory climate position between the sub humid climate of the North, and,tblemite
of the Algerian southAccording tothe classification oKéppen the climate othis zone is
classified agn arid climatewith cold winter(Urlike etal., 1993)
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Figure 1. Geographiclocation and land use of the study area

Data collection

We used a series dditellite images of the OLI sensor (Operatidaaidimager) of the
satellite Landat 8 (Path: 135, Row: 95) of 3fieterresolutiorfreely accessible and receiviedm
the United States Geological SunySGS of the year 201®n different dates: 09/03/2016,
15/07/2016/, 17/09/2016 and 20/11/204®nospherically arrected.

Also, climatic datathat was obtainedfrom the meteorological stations of M'sila and
Bousaada, corrected and spatially extrapolated according to the topogfapleystudy area
(altitude andlirectior), by calculating the altitudgdifference(Xd) between meteorological statio
and the sampling pointsom the study areathen dividing this differenceby a pluviosity
increasing coefficient (Adccording talirectionas follows

0 OPprmTm
0 OPprimgm

Then calculating aorrection coefficient (C):

6 o 010

Where 6 is a pluviosity increasingoefficient, 0 is the total annual rainfall.
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The precipitation values of the sampling points at the study area are obtained after
dividing monthly rainfall amounts by the correctiooefficient (C).

The socioeconomicstudy required data extracted from road, water network and
urbanism maps, and also paogtidn and livestock statisticprovided by forests conservation

direction, agricultural

and

rur al devel opment
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Data analysis

In order to map drought vulnerability conditions, we developed a spatial model of
vulnerability based onomputedndices that utilize satellite imagery, meteorological series and
socioeconomic data (population and livestock density, roads and hydrographic network maps).
Then criteriamapto assess climate, soil, vegetation cover quality and socioeconmssLE
were conducted.

Calculating remote sensing indices

Remote sensintgchnologicatievelopmenkas facilitated the need to customize indices
for specific climatic and hydrologizonditions Drought can cause soil and vegetation degradation
that is detectable using remote sensing data (Tucker, 1979). Satellite data can be complemental to
meteorological observatiole used a series of remaensing indices (table.1) and estimated
land surfae temperature as a basis of assessing drought in the study area. Indices are calculated
for each date separately then, it is necessary to compute the annual average of each index and of
land surface temperature.

TABLE 1

Calculated RemoteSensing hdices

Indices Equations Author

Redness index 2)y 2 ' j 2 Q) Escadafal and Heute (1991)
Brightness index "y WY 2 2 ) Escadafal et al. (1994).
\':':E;;”ti't'if)f]dir?ézgenced . $6) .)22 j .) 22 ©) Rouse et al.1973)
GreenVegetationratio | ' 26). ) j2' (4) Sripada (2006)

Leaf area index 00 0o p Y%t )mpp Y (5) Boegh et al , (2002)
Modified Simple Ratio | - 32 0)72 pj W 0)712 p (6) Chen (1996)

Normalized multiband
drought index

50000 OYUYRLPWS OY YO@Y YO'QY (7) | Wang and Qu (2007).

Where:'Y: red band"Q Green band) "O'Wear Infrared band)Y & ‘@Yshort wave infrared

1, "Yw '@ YShortwave infrared 2,0 @ ®the enhanced vegetation index, we used the

formulaproposed by Huete, et al (2002)

di
and

rect
M6 ¢
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OwOcd . ) 22 %HF 6 O0OYp YOOXa6a0Q (8)

Land surface temperature

We used a method based on normalized and standardized vegetation index (NDVI)
thresholds, by converting digital numbers of thermal bands into radiance and then converting
spectral radiance into brightness tempera(@jaising the thermal constants prowda the
metadata file:

&Y )

Where: 6 "Yis brightness temperatute, Top of Atmosphere spectral radiance
YOBOWORL iy gy 0 PP OGRS GNP ¢ BE S BHP, @
X X&) w6 & &pQrit Yl P 1 O Ep'P (Constant bandpecific thermal conversion from the
metadata of the thermal band).
The land surface temperature is calculated usingdhation
0°YY6 ¥p 026 Wzl TQ (10

Where: § "¥is brightness temperature, is wavelength of emitted radiance
p@ia ,0 — p&oyYpmaQ Qi s planka®copmnstiainis

Boltzmann constantp®& Y p T U Q& is the velocity of light ¢8 w yp a7 , O
p T& mQis the land surface emissivity :

A mintoedyo (11)

0 cthe vegetation proportion: 0 (0 —————— (12)

Calculating meteorologicalindices

Evapotranspiration (ETR)

Theequatiorused incomputingannual potential evapotranspiration the year 2016
is the one proposed by Turc (19€13) and (14)

oYY — (13)
8

olo

Where 0: rain in mm per year antl stands for thepotential evaporation of the
atmosphere

0 omnm g Oy 8oy (14)



Lebanese Science Journal, Vol. 18, No. 1, 201 58

WM "Vtemperatur@verage over 1 year
Ratio to normal

This index is expressed mathematically as a percentage as follows:
YO — pmm (15)

@M i : Annual precipitation, Pm: Average precipitation
Avyear is classified as dry if rainfall is below normal; that is to say, whefivtfids
less than 100% (Rognon, 1997).

Standardized Precipitation Index

This indexwas developed by McKee et., al (1993). It is a statistical indicator used to
characterize local or regional droughts. It gives an easy and flexible way to monitor drought at
a different scale ranging from near normal (0.99) to extreme drought conditiBrof<

YO O—— (16)

Where: 0 : Precipitation of year i,0 : Average precipitation, : Standard
deviation.

Socioeconomic pressure evaluation

Human nterventions such as ogeazing or land usechanging can damage
irreversibly the recovering vegetation (Clark, 1996he of these interferences is when
shepherds in these areas set fires to eradicate the vegetation and encourage the growth of grass
to overgraze latgfKosmas et al., 1999Human activity is mee intense around road network,
agglomeratios, industrial zonesand agricultural landsvhich raise the demands on water
supplies.

The socioeconomic pressure evaluation is based ampuating the following
Euclideandistances: distance of agglomerations (DA), distance of agricultural land (DAL),
distance of hydrographic networked water resourcé®HN) and calculating theensity of
population (DP) and livestock (DL)

Creating thematic layers

The criteria used inthis model are similar to those used in MEDALUS (1999)
(Mediterranean Desertification and land uk®) mapping environmentally sensitive areas to
desertification (ESA) t he met hodol ogy i s basedFigore2) t he use of
of climate, veggation, soil criteria in addition of the use of seeiconomic pressuyéut using
remotely sensed, meteorological and socioeconaimaght relatedndices and parameters
presented previously.

ME L
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Figure 2. Environmentally sensitive areago desertification mapping parameters
(MEDALUS, 1999)

Parameters and indices will form spatial suriteria to map climate, soil, vegetation
quality and socioeconomic pressure using the following geometric eqaation

6 & "QAaIOoO QI "NEBYH '0"YD 6 YO 06 Y (17)
"Yé @B Qo QI EO¥ 00 0 000 "Y'YOQHEN O DQO @ (18)
®'QQQO GIOAE Qi IOO®0OY®D "Y'Y D 60 (19)

0 &@ ¢ AT 06 I'0a Q1 axE 06 0 006 00 0D (20)

After calculating each indice and parameter, every layer was reclassified according
to value intervalsby resorting to land management and natural hazgiartise, scorethat
variate between 1 andwere assigned to each class of valwesere scord is given for a
favorable clasand 7 tcanunfavorableone(Figured), each layer is a criterion that will be used
later in our assessment using muliiteria analysis and geographic information system (GIS).
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Multicritaria analysis:Analytical hierarchy process (AHP)

Multi-criteria decisiormaking method is a branch of a general class of operations
research models that is suitable for addressing complex problems featuring high uncertainty,
conflicting objectives, different forms of data and information, multi inteaasisperspectives,
and the accounting for complex and evolving biophysical and s@mtnomic systems (Wang
etal.,2010).

This method was developed by Thomas Saaty in the 1970s and is based on
mathematics and psychology (Saaty, 1980). It is used fretdef managerial decisiemaking.
In summary, a decisiemaker must "weigh" several options before deciding on one of them
taking into account a series of criteria that he considers more or less essential to be respected
(Cissokho, 2011).

The first st is to form a series of comparison by pair of these criteria according to
their relative importancand their influence in drought hazard, we need a scale of numbers that
indicate how many times more important or dominant one element is over anothanteleme
values of this scale rage from 1 to 9 (Saaty, 1980). For example, entering 3 in the-clihate
position means that climate factors are three times more important and influencing drought
vulnerability in the study area than soil factors, and entdring:limate socioeconomic stress
position means that both factors are equally important (Table 2).

TABLE 2

AssignedWeight according to Saaty Scale

Criterion Climate Socioeconomic stres§ Soil | Vegetation
Climate 1 1 3 7
Socioeconomic pressurg 1 1 3 3
Soil 1/3 1/3 1 3
vegetation 1/7 1/3 1/3 1

The second step is to calculate the eigenvector Pypdalculatingthe geometric
mean in every line of the previous table, the obtained values determine the weights to accord to
each criteriorwhose sum mudie equal to 1 (Table.3).
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TABLE 3

Weighting Coefficients
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Criteria Weight
Climate 0,42198427
Socioeconomic 0,35055569
Soil 0,15256618
Vegetation 0,07489386
Sum 1

After calculating the weights, the decision map is busing a weighed sum
aggregationpy multiplying eachstandardizedriterion layer by its coefficient of respective
weighting (Bouzekri and Benmessaoud, 20T#e organizational chart iffrigure4) resumes
the methodology followed in this study.

e el
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Criteria maps

Figure 4. Methodology organizational chart

RESULTS

Climate quality criterion map

The areas of a highly suitabtéimate quality form approximately 17.30 % of the
study area which are locatedin the north, especially on the Maadhid Mountains, and

agricultural
located on the plains of lower altitude with southern aspect. The unsuitable quality areas
(41.39%) are locatedi the salt pane of El Hodna and peripheries where the altitude average is

| ands

in MO6sil a

and

M6t ar f a.

400 ma.s.l and surrounding lands of low altitude and rainfall ratesmainly lower than

Suitabl e
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220mm (Figureb).
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Figure 5. Climate quality criterion map.

Soil quality criterion map

The areas of highly suitabs®il quality that form approximately 2.79%, are mostly
located on agricultural lands and alsomauntainous areas in Maadhithe areas of suitable
quality form 41.89% on the peripheries of agricultural lands, while the class of medium
(37.17%) and unsuitable soil quality (17.60%) is located mainly in the southern zone whose
soil is bare and sandy (kige6).
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Figure 6. Soil quality criterion map.
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Vegetationquality criterion map

Vegetation of a highly suitable quality forms approximately 13.21%% of the study
area and is locad on agricultural lands cultivated mainly with rainfed cereald on the
mountainous areas dominated by green oak standdpeesisof Aleppo pine. The suitable
quality areas represent 23.25 % of the total study area and are located on the peripheries of
agricultural lands, steppes and the abandoned fields. Megliiaity vegetation is located on
lands covered by Halophytes and spontaneous vegetation and forms 11.69% of the study area.
The unsuitable quality class of vegetation occupies the whole of the Chott El Hodna and the
surrounding land where the soil is @tibare and sandy or covered by Halophgtes grazing
steppesnd forms 51.83%igure?).
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Figure 7. Vegetation criterion map.

Socioeconomigressurequality criterion map

Elevateddensityof population and livestock require continuowaitability of water
resources, and agricultural goodibe degree of pressure decreases away from agglomeration
and agricultural lands. Areas with very higiitioeconomipressure account for 39.89 % of the
total area, higipressure areas make 26,10 %, medium pressure form 23.17 % and low pressure
form 10.73% of the total area generally on the mountainous region of Maadhid and also on the
salt pan of Chott El hodrdistantof agglomerations and road netwdg@Figure8).
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Figure 8. Socioeconomiquality pressure criterion map

Drought Vulnerability Mapping

The situations of drought vulnerability are spatially delimited according to pixel
values. The zones with a naiffected situation have a low pixel value, whereas the zones with
a critical situation have a high pixel val(Figure9).

The nonaffected area occupies neatll.83% of the study area, located in the north
on the Maadhid mountains (12934859m) andsurrounding ared)jebel Meharga mouain
(629 m to892ma. s. ) in the south. Potentialffectedareas are almo48.72% andaremainly
located on the mountainside of the Maadtddion in the North of the study areshere the
altitudes are around 700 @ s. | and precipitation rates between 250 and 280 mm per year,
al so on the agricultural l ands of M sila and M6tarfa

Fragile areas that forn32.7®6 are located on the peripheries of agricultural lands
and on steppes where vegetation coverage is sparse and livestock tustyto soil
degradationThe precipitation rate is 200 to 230 mm per year.

Highly vulnerableareas form nearl5.67 % and are located in the central and
southern part on an altitude that varies between 192 and 200 mm. The rainfall average is lower
than 200 mm per year with sparse vegetation mainly preserved for grazing.
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Figure 9. Drought vulnerability map .

DISCUSSION

In our country, management and conservation of the environment in Arid and semi
arid lands are based generally on thematic maps, field missions and clagsidanéhese
operations take long durations of tinrad absorlnigh disbursemenéspecially in large areas
(Bensaid, 2006Droughtis still quitanunstudiechazard studies were conducted on a regional
scale suclas Yasef and Saltani (2009) (Sahara and Sahel observatory), or by reviewing climatic
indices. he methodlogy presented in the articteeveloped from a desertification sensitivity
model MEDALUS (1999rims to facilitate the task for planners and researchers in mapping
droudht vulnerability in arid lands.

Bensaid 2006 and Bouzekri (215), have conductesimilar studies in others regions
of Algerian arid steppes in the region of Naama and the Aures respectively they found that
grazing steppes are more affected by natural hazards such as desertification, sand invasion and
wind erosion, in the case of oundy agricultural lands are also potentially vulnerable besides
steppes and rangelands. The climate factor takes a major part in identifying vulnerable areas to
drought, precipitation series during the last decades show acagnifiecrease in rainfalltes.
Medjerab and Henia (2011) conducted a study on drought variation in the occidental steppes of
Algeria by @mputingclimatic indices and found that the rainfall rates are tending to sgarcit
rainfall decreasén combination with socioeconomic pressigadedto a degradation of lands
and of vegetation cover, transforming larges steppes into bare soils and making these areas more
vulnerable.
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The nonaffected areas having the privilege of higher rainfall ratesalamdistant
from human and livestock pressure, and road network, where the vegetation cover is denser
(forests) and the soil is more hunadustic moisture regime, with a Northdass exposed to
droughtaspec{Figure10).

The potentidly vulnerableareas are located on altitudes around 708. s | with
southern aspect and precipitation rates between 250 and 280 mm per year, also on the
agricultural | ands (@iburell) wheré irigaedragticulMi@ltlamdsf a p | ai n
exigently require permanent watsupplieswhich puts more pressuren matural esources,
rainfed agriculture can be proposed as a solution to minimize the pressure iaré@ssealso
resorting to drip irrigation can limit the overuse of ground water.

Fragile areas mostlof low rainfall rates,surround agricultural landsoveredby
rangelands and abandoned fie{ffiggure 12) characterized by sparse vegetation and steppes
these areas are under a sever human stress through overgrazing and the increase of
agglomeration surfacethese regions are traversed by high roads and agglomerations such as
the city mfimatedy&0,00@inhabiamth

The highly vulnerablereas are occupied by the salt pan of El Hodna and surrounding
lands(Figure 13) that are covered by Halophytes and sparse vegetation basically si¥ppes
(Stippa tenacissimaor occupied by bare and sandy soil and rocky outcrops.

After building the vulerability final map, field missions were performed to validate
the results and to ver.i figentfjnand @ropdse apprdpiateu acy as wel |
management plans of drought mitigati@everal management plans may be considered for
application inthis areao alleviate the impact of drought, suchpdanting trees around farms
and agriculturalandsto form natural barrieragainst winderosion and sand stornalso by
planting shrubs, and turfo limit soil evaporatiorand moisturdost. Drought mitigation is
strongly related tavater resourcepreservation (damsgeservoirs underground watgrand
collecting precipitation water for immediate or eventual use in irrigation or doraetitities

Land reclamation is requirdd minimize sd amount in soil due to irrigation using
saline water, by disposing the accumulated salt on the surface, and improving the chemical and
biological soil propertiethrough leaching, drainage operatianigh addng amendments and
caciumsupplies to reduce salt conctegrdwr laisi on i n depths
important to select satblerant crops at the beginning of reclamation

This methodology facilitates the task for researchers, deeasakers and users
concerned abouhé impacts of climate change and drought prediction, it provides ngcessa
information on the sgtial extent ofirought vulnerabilityn an ecosystem, considering climatic,
edaphic, ecological and soes@onomic aspects. However, the use of this methodoiay be
limited in case of the lack of datia, particular climatic data and the satellite images required
to compute meteorological and satellite images.



Lebanese Science Journal, Vol. 18, No. 1, 201

| ) S B

Figure 10. Not aﬁectegareé}églon of Maadhid mountains

Figure 11. Agricultural lands of ther e gi on .0of MOs i



