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Abstract 

In Algeria, desertification risk is one of the main environmental and also social and economic problems. As 
much as 20 million hectares of northern Algeria are highly exposed and vulnerable to desertification with large 
areas falling into his ‘severe’ risk category, because the present massive destruction of vegetation and soils. This 
study aimed to use geographic information system (GIS) for mapping environmentally sensitive areas to deserti-
fication based on Mediterranean Desertification and Land Use (MEDALUS) approach in basin of Hodna, Alge-
ria. Sensitivity is estimated with a modification of the MEDALUS environmentally sensitive area index (ESAI) 
which identifies such areas on the basis of an index (ESAI) that incorporates data on environmental quality (cli-
mate, vegetation, soil) as well as anthropogenic factors. This methodology allows the classification of land in 
critical, fragile and potentially sensitive areas. The results obtained show that 61% of the area is classified poten-
tially sensitive to low sensitivity. These areas are particularly located in mountain areas. Spatially, the areas sen-
sitive to degradation are as well in the lower region of the Hodna in Highlands consisting mostly of steppe route. 
The factors that could explain these variations of sensitivity are related mainly to changes in precipitation be-
tween the North and the South altitude and pressure of the population and livestock. 
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INTRODUCTION 

The United Nations Conference on Environment 
and Development [UNCED 1992], held in Rio (1992), 
has defined desertification as being: the degradation 
of land in arid, semi-arid and lands regions dry, due to 
various factors, including climate variations and hu-
man activities. In many countries, desertification is 
one of the most serious problems. Desertification af-
fects one quarter of the area of the globe [UNCCD 
2008]. In Africa, more than a billion hectares are 
moderately or seriously affected by desertification 
[THOMAS 1995]. Different models have been pro-
posed to assess desertification at different scales with 
different approaches and settings methodology for 

assessment of desertification [FAO-UNEP 1984], 
model Turkmenistan [BABAEV 1985], GLASOD 
[OLDEMAN et al. 1991], MEDALUS [KOSMAS et al. 
1999], DPSIR-FRAMEWORK [GIWA 2001] etc. The 
main processes of land degradation are related to veg-
etation cover, soil quality and erosion [FAO 1984]. 
Occur on a given area to certain elements of the natu-
ral ecosystem [soil, vegetation and water] are used 
beyond their specific thresholds [KIRKBY, KOSMAS 
1999]. This requires a good knowledge of the interac-
tions between the behaviour of economic actors, the 
potential of ecosystems and the mode of sharing re-
sources. 

BOUGUERRA et al. [2017] proposed a minimum 
data set for characterizing and monitoring soil indica-
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Fig. 1. Presentation and hypsometric map of the basin of Hodna; source: own elaboration 

tor. Quantitative indicators of soil includes soil attrib-
utes and properties such as rainfall erosivity factor 
(R), topography (LS), soil erodibility (K), cover-
management (C) and support practice (P).  

In general, it is currently accepted that desertifica-
tion is better explained by the combination of the so-
cio-economic factors and biophysical, rather than fac-
tors by a simple variable [LAMBIN et al. 2009]. More-
over, the reduction in precipitation can activate some 
indirect causes of desertification through changes in 
land use [LAMBIN et al. 2009].  

Many scientists agree that desertification is main-
ly due to human activities [CORNET 2001; KATYAL, 
VLEK 2000; LE HOUÈROU 1968; WARREN, AGNEW 
1988]. However, the results of recent research on 
global climate change and the Mediterranean in par-
ticular tend towards a reduction in annual rainfall, an 
increase in average temperatures and an increase in 

their interannual variability and during the same sea-
son (increase in inter- and intra-annual) [ROUSSET, 
ARRUS 2004]. 

The estimate of sensitivity to land degradation in 
the Hodna basin was based on the model developed 
under the Mediterranean Desertification and Land Use 
(MEDALUS) project. DISMED [2003], mention that 
adapted to the conditions of Mediterranean environ-
ments, the model served as the basis for work in sev-
eral countries such are (Portugal, Spain, Italy and 
Greece, Algeria, Egypt, Libya, Morocco, Mauritania, 
France, Tunisia and Turkey).  

In this article, the main objective is; the stratifica-
tion of the territory of the watershed in areas that are 
differentiated according to their degree of sensitivity 
to desertification. The approach is based on the use of 
GIS in the MEDALUS model applied to the basin of 
Hodna, Algeria.  
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MATERIALS AND METHODS 

STUDY AREA 

The Hodna basin is approximately 250 km south- 
-East of the capital, Algiers. It is located between 
36°11' and 34°29' N latitude and between 3°2' and 
6°11' E longitude (Fig. 1). The basin straddles two 
distinct geological and geomorphological domains. 
To the north and north-east is the Tellian Atlas and to 
the South, the Saharan Atlas. The area of the Hodna 
basin is 26 500 km2. The situation of the Hodna basin 
between two series of mountains to the North and the 
South organizes the basin around a closed almost flat 
basin at an altitude of 400 m, and which receives the 
flow of surface waters in the region. At the centre of 
this basin, the Chott El Hodna has an area of 1 150 km2.  

The particularly mountainous northern slopes of 
the Hodna basin are subject to the Mediterranean cli-
mate influences, which explain a relative abundance 
of rainfall that varies between 400 and 800 mm. The 
presence of important forests of oaks, cedars and 
pines of Aleppo is also explained by these topograph-
ic and climatic conditions favourable. The southern 
territories of the Hodna basin are however subject to 
the Saharan influences from the south. Their average 
annual rainfall varies between 100 m and 150 m 
across the basin. At the basin scale, the average rain-
fall of the basin is between 200 and 350 mm (rainfall 
map of the Hodna to 1:1 000 000) (National Agency 
of the Hydraulic Resources – Fr. Agence Nationale 
des Ressources Hydrauliques – ANRH, 1967–2014). 
It is also characterized by high temperatures in sum-
mer and low in winter. The lowest temperature is 
reached during the month of January with a value of 
3.6°C and 4.02°C, while the maximum is 38.8°C and 
39.22°C in July or Two M'sila station, Bou-Saada 
(National Meteorological Office – Fr. Office National 
de la Météorologie – ONM, 1988–2014).  

ENVIRONMENTALLY SENSITIVE AREAS (ESAS) 
AND MEDALUS METHODOLOGY 

Methods were followed in this research based on 
MEDALUS (Mediterranean Desertification and Land 
Use) model that identify the sensitivity to desertifica-
tion in Mediterranean ecosystems by an index of sen-
sitivity to desertification and for mapping the envi-
ronmentally sensitive areas (ESAs) obtained from the 
geometric average of four indexes of the soil quality, 
climate quality, vegetation quality, anthropic quality. 

In the MEDALUS methodology the desertifica-
tion related environmental quality of these factors is 
quality index (SQI), climate quality index (CQI), veg-
etation quality index (VQI) and anthropic quality in-
dex (AQI). 

Each of these environmental and a management 
factor is affected by the combination of several pa-
rameters that are considered in the computational al-
gorithm according to the following formulas: 

 

 SQI = (ST ∙ PM ∙ S ∙ D ∙ SD)1/5 (1) 

 CQI = (PP ꞏ IA ꞏ OR)1/3 (2) 

 VQI = (FR ∙ EP ∙ DR ∙ PC)1/4 (3) 

 AQI = (APG ∙ DP ∙ DR ∙ DL)1/4 (4) 

Where: ST = soil texture, PM = parental material, S = 
slope gradient, D = drainage, SD = soil depth, PP = 
annual precipitation, IA = aridity, OR = field orienta-
tion, FR = fire risk, EP = erosion protection, DR = 

drought resistance, PC = plant cover, APG = annual 
population growth rate, DP = density of the popula-
tion, DR = density of the road network, DL = density 
of livestock. 

A score is assigned to the elements of a particular 
parameter in relation to their effect on the sensitivity 
to soil degradation and desertification processes as 
described by KOSMAS et al. [1999]. Scores for soil, 
climate, vegetation and anthropogenic factors are re-
ported in tables 1, 2, 3 and 4. 

Table 1. Classes and indices weights to assign different 
parameters used for the assessment of soil 

Factor Class Description Characteristic Index 

Texture 

1 good L, SCL, SL, LS, CL 1.0 
2 moderate SC, SiL, SiCL 1.2 
3 poor Si, C, SiC 1.6 
4 very poor S 2.0 

Parent 
material 

1 good 

shale, schist, basic, 
ultrabasic, 

conglomerates, 
unconsolidated 

1.0 

2 moderate 

limestone, marble, 
granite, rhyolite, 

ignimbrite, gneiss, 
siltstone 

1.7 

3 poor 
sandstone 

marl, pyroclastics 
2.0 

Slope 

1 
very gentle 

to flat 
<6% 1.0 

2 gentle 6–18% 1.2 
3 steep 18–35% 1.5 
4 very steep >35% 2.0 

Drainage
1 good well drained 1.0 
2 moderate imperfectly drained 1.2 
3 poor poorly drained 2.0 

Soil 
depth 

1 deep >75 cm 1.0 
2 moderate 75–30 cm 2.0 
3 shallow 15–30 cm 3.0 
4 very shallow <15 cm 4.0 

Explanations: L = loam, SCL = sandy clay loam, SL = sandy loam, 
LS = loamy sand, CL = clay loam, SC = sandy clay, SiL = silty 
loam, SiCL = silty clay loam, Si = silt, C = clay, SiC = silty clay,  
S = sand. 
Source: own elaboration acc. to KOSMAS et al. [1999] and BASSO et 
al. [2012]. 

For each index, a score ranging between 1, as 
good condition, and 2, as deteriorated condition, was 
assigned based on factorial scaling technique. Addi-
tionally, a zero value was assigned when the measure 
was not appropriate for an area or where that area was 
not classified. In most cases, a linear function ranging 
from 1 to 2 (extreme values) represents the variation 
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of the indicators (score).The score values generally 
ranges between 1 and 2: low values indicate a high 
quality or, conversely, a low connection with deserti-
fication. The final QI is classified into three quality 
grades: high, moderate and low. 

The SQI was computed based on the geometric 
mean of five fundamental parameters, which deter-
mine soil quality directly or indirectly, i.e. slope of 
the topographic surface, soil texture, soil depth, parent 
material, and drainage (Tab. 1) according to KOSMAS 
et al. [1999] and BASSO et al. 2012]. 

Slope gradient is classified in four classes accord-
ing to the effect on soil erosion. 

Soil texture is classified based on its sensitivity to 
desertification soil texture were very important for 
determining the land's susceptibility to desertification 
[VERA et al. 2007]. The severe class of soil degrada-
tion dominated the areas was characterized by sandy 
soil texture [WIJITKOSUM, YOLPRAMOTE 2013]. The 
sandy texture of the soil resulted in a low water hold-
ing capacity. For this reason, soil texture is a key fac-
tor affecting the desertification risk of the area [WI-

JITKOSUM et al. 2013] 
The CQI is assessed by considering the influence 

those parameters such as, mean annual precipitation, 
slope exposure and the index of aridity of Bagnouls–
Gaussen. The aridity index is considered to be one of 
the most important indicators of areas that are suscep-
tible to desertification [SAMPAIO et al. 2003]. 

Determination of the factor is based on rainfall 
map of the Hodna to 1:1 000 000 (ANRH 1967–2014). 

Annual precipitation is classified into three cate-
gories (Tab. 2) according SEPEHR et al. [2007] and 
VIEIRA et al. [2015] for aridity index. 

Table 2. Classes and weighing indices for climate quality 
assessment 

Factor Class Class description Index 

annual 
precipitation 

1 
>500 mm 

250–500 mm 
<250 mm 

1.0 
2.0 
3.0 

Aridity 2 

<50.0 mm (hyper-arid) 
50–75 mm (arid) 

75–100 mm (semi-arid) 
100–125 mm (dry sub-humid) 

125–150 mm (moist sub-humid) 
>150 mm (humid) 

1.0 
1.1 
1.2 
1.4 
1.8 
2.0 

Field orienta-
tion (OR) 

1 
2 

NW–NE 
SW–SE 

1.0 
2.0 

Source: own elaboration acc. to SEPEHR et al. [2007] and VIEIRA et 
al. [2015]. 

According to the climate, we have consulted map 
of bioclimatic floors established by FAO [1972]. The 
layer of information related to the parameter “slope 
exposure” has been prepared from the digital model 
of terrain STRM. 

The parameter “slope exposure” is also added and 
classified according to the methodology into two cate-
gories NW and NE, SW and SE with values of 1 and 2.  

The VQI computed based on the geometrical 
mean of four essential parameters of vegetation quali-
ty, fire risk, protection of soil from erosion by the dif-

ferent types of vegetation, resistance to drought and 
percentage of vegetation cover. The scores are as-
signed considering the main types of vegetation and 
their percentage cover in the Mediterranean area clas-
ses and weighting indices of vegetation coverage, ex-
pressed in percentages, are given in Table 3 [BASSO et 
al. 2012; KOSMAS et al. 1999; SEPEHR et al. 2007]. 

Table 3. Classes and clues related to the quality of vegeta-
tion parameters 

Factor Class Description Characteristics Index

Fire risk 
1 
2 
3 

low 
moderate 
very high 

sand, and Chott Sebkha 
course, hills, 
culture, forest 

1.0 
1.3 
2.0 

Erosion 
protection 

1 
2 
3 

very high 
moderate 
low 

mountainous 
course, hills, 
culture sand,  

and Chott Sebkha 

1.3 
1.8 
2.0 

Drought 
resistance 

1 
2 
3 
4 

high 
moderate 
low 
very low 

sand, and Chott Sebkha 
course, hills 

cultures, forest 

1.2 
1.4 
1.7 
2.0 

Plant cover
1 
2 
3 

high 
low 
very low 

>40% 
10–40% 
<10% 

1.0 
1.8 
2.0 

Source: own elaboration acc. to BASSO et al. [2012], KOSMAS et al. 
[1999] and SEPEHR et al. [2007]. 

The AQI has been calculated on the basis of four 
parameters; the annual population growth rate (1998–
2008), the population density in 2008, the density of 
the road network and the density of livestock. Table 4 
shows the classes and assigned weighting indices for 
selected parameters for management quality assess-
ment, according to [BASSO et al. 2012; KOSMAS et al. 
1999]. 

Table 4. Classes and indices of parameters related to the 
anthropic quality 

Class Factor Class description Index

1 the annual growth rate 
of the population 

>0% 
0–1.5% 
1.5–3% 
3–6% 
<6% 

1.0
1.2 
1.4 
1.8 
2.0

2 the density  
of the population 

<10 person per km2 
10–20 person per km2 
20–50 person per km2 
>50 person per km2 

1.00
1.33 
1.66 
2.00

3 the density  
of the road network

<0.5 km∙km–2 
>0.5 km∙km–2 

1.0
2.0

4 the density  
of livestock 

<20 heads per km2 
20–60 heads per km2 
60–100 heads per km2 
>100 heads per km2 

1.00
1.33 
1.66 
2.00

Source: own elaboration acc. to BASSO et al. [2012] and KOSMAS et 
al. [1999]. 

In these studies, the preliminary step is a careful 
selection of key – variables and indicators that should 
describe the actual state of the system and highlight 
the degradation changes and related effects in both 
time and spatial scales. The explicit definition of the 
minimum threshold values signalling the conversion 
towards an irreversible state of land degradation rep-
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resents a particularly complex issue. This is particu-
larly the case in many semi-arid Mediterranean envi-
ronments where the numerousness and variability of 
the factors influencing the process makes difficult to 
integrate and synthesize all of them in a unique value 
representing the threshold of degradation. Hence, it is 
necessary to assign to each triggering factor its own 
threshold value and to attribute to each one a different 
weight relevant to the role played in the desertifica-
tion process in a space-specific and time-specific case 
[KOSMAS et al. 1999]. Therefore, the solution must 
consist in a balanced merger of different aspects of 
environmental stress ensuring a straightforward link 
among indicators themselves and the state and the ten-
dency of the system they are representing. A minimum 
set of indicators, with the aim to identify of areas sen-
sitive to desertification and subsequently the devel-
opment of action plans to combat land degradation. 

The environmental protection policies also con-
tribute according to the degree with which they can 
affect the territory. The final environmentally sensi-
tive areas index (ESAI) is calculated as the geometric 
average of the partial quality indices: 

 ESAI = (SQI ꞏ CQI ꞏ VQI ꞏ AQI)1/4 (5) 

The range of values that the final ESAI can as-
sume allows the classification of an area into catego-
ries and subcategories with varying degrees of deserti-
fication risk.  

The desertification sensitivity map obtained from 
the overlay of the four previously discussed indica-
tors. The index was classified in four sensitivity cate-
gories, absence (non affected) (1.00–1.22), low (1.23–
1.30), moderate (1.31–1.4) and high (1.41–2.0). 

NUMERIC CARTOGRAPHY  
AND THEMATIC LAYERS 

Environmentally sensitive areas (ESAs) identifi-
cation is an effective process, if availability and spa-
tial uniformity and continuity of thematic spatial data 
are assured. It is based on the spatial and numerical 
combination of thematic layers into a GIS, which is 
the main tool of acquisition, storage, representation, 
processing and interpretation of geographic data. 

The quantification of regions with different deg-
radation sensitivity degrees was done based on the 
first four categories and on the actual analysis of clas-
ses, which correspond to moderate and high sensitivi-
ty. To this end, geostatistical methods were used by 
means of ArcGIS 10.1 software, according to the fol-
lowing steps: 
– analysis of the significant factors and assignment 

of a numerical score; 
– calculation of the relative quality index of each 

category (soil, climate, vegetation, management); 
– production of related thematic maps and spatial 

overlaying for the computation of the ESAI; 
– ESAs maps derivation. 

We georeferenced all the geographical layers to 
the coordinate system UTM zone 31 North. In some 

cases we also needed to spatialize punctual data to 
derive thematic maps (e.g. soil thickness map as de-
scribed below). 

Therefore, digital maps from the observatory data 
base and maps elaborated ad hoc were used. 

Listed below are the numerical and cartographic 
data from the database of the observatory of basin of 
Hodna, as well as maps and layers produced and used 
in this work. 

Cartographic data from the database of the obser-
vatory: 
– map of the basin of Hodna;  
– regional topography; 
– hydrography; 
– map of the weather stations; 
– map of bioclimatic floors established by FAO 

[1972]; 
– The Landsat TM satellite image (2009); 
– soils of the Hodna at 1: 100 000 map [FAO 1975]; 
– Digital Elevation Model (DEM); 
– the map geological [CORNET 1954]; 
– map of the roads. 

Numerical data extracted from the database of the 
observatory: 
– map of the slope in percentage (derived from DEM); 
– map of the exposure of slopes (derived from DEM); 
– map of the main topographic features. 

In order to map ESAs as described before, we 
elaborated the thematic layers to express the environ-
mental (soil, climate, vegetation) and the anthropo-
genic factors by means of the scores. The MEDALUS 
model allows for a change in the number of parame-
ters to be used for assessing the quality indices. We 
used five parameters for the soil, three for the climate, 
and four for the vegetation, four for the anthropogenic 
quality. In the sequence, the order from left to right is 
SQI, CQI, VQI and AQI and the value associated is 
the numbering of the classes or the first column from 
each score tables of the quality indices. 

RESULTS AND DISCUSSIONS 

The MEDALUS model was used for calculating 
the ESAI to determine the situation and tendency of 
desertification in basin of Hodna. The general meth-
odology is fully described by [KOSMAS et al. 1999]. 
In general, the ESAI is a composite index that uses 
four indices of four categories including climate, veg-
etation, soil, and the socio-economic factors (man-
agement) field investigations and spatial data. Each 
parameter was weighted in relation to its impact and 
contribution to desertification process. 

The MEDALUS model allows for the variation of 
the number of factors in the calculation of the partial 
quality indices, in relation to the availability of the 
data and thematic maps described above. The first 
three quality indices provide insight into the environ-
mental conditions, while the last one expresses an 
assessment of the pressure resulting from the anthro-
pogenic activities. Each of these indices is grouped 
into different uniform class with a weighting factor 
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assigned to each class; then four layers are evaluated. 
After determining indices for each layer, the ESAs to 
desertification are defined by combining four quality 
layers. All data defining the four main layers are in-
troduced in GIS and overlaid in accordance with the 
developed algorithm which takes the geometric mean 
to compile maps of ESAs to desertification. Several 
methods have been successfully applied for desertifi-
cation analysis based on indicators and indices [SOM-

MER et al. 2011]. For example, the MEDALUS meth-
odology, developed for the European Mediterranean 
environment, is widely used because of its simplicity 
and flexibility. The MEDALUS methodology is based 
on the environmentally sensitive area index (ESAI) 
[IZZO et al. 2013]. In order to identify areas potential-
ly affected by land degradation, the method analyses 
four main variables: climate, soil, vegetation and land 
management [KOSMAS et al. 1999]. It has been vali-
dated on regional and local scales [BRANDT et al. 
2003] and was applied to quantify the impact of miti-
gation policies against desertification [BASSO et al. 
2012]. SYMEONAKIS et al. [2014] estimated the envi-
ronmental sensitivity areas on the island of Lesvos 
(Greece) through a modified ESAI, which included 10 
additional parameters related to soil erosion, ground-
water quality, demographic and grazing pressure, for 
two dates (1990 and 2000). This study identified areas 
that are critically sensitive on the eastern side of the 
island mainly due to human-related factors that were 
not previously identified. 

Although several studies have been conducted to 
detect desertification or to identify the drivers (indica-
tors) of the process in critical hot spots in the Brazili-
an northeast [SAMPAIO et al. 2003], there have been 
no studies addressing the entire region. CREPANI et al. 
[1996] developed a methodology based on the con-
cept of the eco-dynamic principles, proposed by [TRI-

CART 1977], and on the relationship between morpho-
genesis and pedogenesis to identify areas that are sus-
ceptible to soil erosion. The author provided an inte-
grated view of the physical environment and the con-
ceptual basis for developing human–nature relation-
ships. However, this study did not include socioeco-
nomic and management indicators as parameters that 
can influence soil loss. 

Therefore, the sensitivity of the model to varia-
tions of a certain factor decreases the greater the 
number of the elements used to calculate the quality 
index; consequently, the different weight of an indi-
vidual factor may not reflect a real physical phenome-
nology, but rather the availability of data and the im-
portance assigned to a single element in a given con-
text. This empirical approach is, therefore, a limit to 
the objectivity of the evaluation of the degree of vul-
nerability obtained through the MEDALUS model. 

Soil quality index (SQI). Table 5 contains the re-
sults for the three classes of the Hodna basin soil 
quality. The results show that the class of good quali-
ty is close to 65% of the total area. These soils are  
 
 

mainly located on low slopes around the valley areas. 
They are usually made of materials to balanced tex-
tures (Fig. 2). The soils of Medium quality account 
for 27%, distributed mainly in the north western part 
of the basin. The soils of low qualities, which are very 
vulnerable to degradation, represent a small percent-
age, estimated at 8%. They occupy areas where slopes 
are strong and are dominated by a fine texture which 
promote good drainage. 

Table 5. Areas of the three classes of soil quality (SQI) 

Class Description Index Area, % 

1 high quality <1.13 64.63 
2 moderate quality 1.13–1.45 27.37 
3 low quality >1.46   8.00 

Source: own study. 

Climate quality index (CQI). Table 6 shows the 
importance of the three classes of the Hodna basin 
climate quality. 

Table 6. Area of the three classes of quality of climate 
(CQI)  

Class Description Range Area, % 
1 high quality <1.15 16.78 
2 moderate quality 1.15–1.81 21.35 
3 low quality >1.81 61.87 

Source: own study. 

The application of Equation (2) accomplished 
a test card that shows that the study area is dominated 
by a climate of low quality with about 62% of area. 
This class is the steppe territories. The CQI describing 
a moderate quality is the order of 21%, while high-
quality climate areas represent only 17% approxi-
mately. These are located along the northern limit of 
the watershed according to a band ranging from West 
to East (Fig. 3). According to the values of the CQI, 
the Hodna basin is an arid to semi-arid and potentially 
susceptible to desertification on 83% of its area. 

Vegetation quality index (VQI). The results 
show that the vegetation cover remains low on almost 
57% of the area of the study area, corresponding to 
cultivated steppes, degraded climatic steppes (Tab. 7). 
The map of vegetation quality index (Fig. 4) shows 
that areas with a good quality of the vegetation are 
located in forest regions of mountain with a rate of 
35% (Tab. 7) of the total area. They are particularly 
located in the North-West at the borders with the ba-
sins of Isser and Chéliff, to the north in the level of 
reliefs of Bordj Bou Arreridj and Belezma, as well as 
in the Saharan Atlas. Some beaches are located 
around the depression of the Hodna. This class is pre-
dominantly occupied by forest vegetation, a real bar-
rier against erosion and drought. The class of moder-
ate quality, estimated at 8%, is located at the level of 
the foothills of the mountains of the Hodna, Belezma 
and the Saharan Atlas. 
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Fig. 2. Map of soil quality index; source: own study 

 
Fig. 3. Map of the climate quality index; source: own study 

 
Fig. 4. Map of the vegetation cover quality index;  

source: own study 

 
Fig. 5. Map of the anthropic quality index;  

source: own study 

 
Fig. 6. Environmental sensitivity areas (ESAs)  

to desertification in Basin of Hodna; source: own study 

Table 7. Areas of the three classes of quality of vegetation 
(VQI)  

Class Description Range Area, % 
1 high quality 1.2–1.6 35.26 
2 moderate quality 1.7–3.7   8.01 
3 low quality 3.8–16 56.73 

Source: own study. 

Anthropic quality index (AQI). Map of the an-
thropogenic quality index (Fig. 5) obtained shows that 
the great part of the Hodna basin (78%) presents 
a good quality; this is linked to the presence of agri-
culture based on extensive farming and to the low level 
of demographic pressure. The areas located mainly in 
the lower valley of the Hodna, where agriculture is in-
tensive and anthropogenic pressure is relatively higher, 
show a quality of the management system medium to 
low (Tab. 8). This space is characterized by a lower 
risk of degradation. This is to be relativized because the 
entire basin knows a very large dispersion of human 
occupation. This translates the starting points of spatial 
and environmental mutations. 

Table 8. Areas of the three classes of anthropic quality 
(AQI) 

Class Description Range Area, % 
1 high quality 1–1.25 78 
2 moderate quality 1.26–1.50 14 
3 low quality >1.51   8 

Source: own study. 

Environmental sensitivity areas index (ESAI). 
In the cartographic distribution of the ESAI, while 
taking into consideration the same partial quality indi-
ces we were able to adopt two different strategies. 
Table 9 gives importance in terms of area of four 
types of sensitivity to desertification in the basin. 
Classes are type high sensitivity, sensitive, weak type 
and unclassified type. 

The sensitivity map obtained (Fig. 6) shows that 
the class corresponding to areas not threatened at the 
risk of desertification, occupies 21,28% of the total 
area. These zones are located on the forest massifs. 
This low sensitivity is due to the good quality of soil 
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Table 9. Ranges and description of sensitivity to desertifica-
tion areas  

Class Description Range Area, % 
1 high (very sensitive) 1.41–2.00 17.42 
2 average (sensitive) 1.31–1.40 50.82 
3 low (not very sensitive) 1.23–1.30 10.48 
4 absence (non affected) 1.00–1.22 21.28 

Source: own study. 

and vegetation. The class of low sensitivity to deserti-
fication is much less common (10%). The areas are 
located at the level of the mountainous reliefs of the 
Hodna basin and particularly the Hodna mountains, 
Belezma, the northern part of the Saharan Atlas and 
the north-western reliefs delimiting the Isser basin. 
More than half of the territory of the Hodna basin, 
61% is classified as potentially sensitive to low-
sensitivity. These areas are particularly located at the 
bottom of reliefs and are particularly extensive in the 
regions of Ain El Hadjel, Boussada, M'Sila, Barika 
and the south of Ain El Melh. He is encountered the 
dominance of the class of poor quality of the climate, 
corresponding to the bioclimate arid on almost all of 
the study area, thus influencing the distribution, type 
and condition of vegetation, and, consequently, the 
rate of soil degradation. Areas very sensitive to deser-
tification correspond to a very small area with only 
17%, they are moderately exposed to the phenomenon 
of desertification are located south of the town of 
M'Sila and North-East of the town of Bousaada, with 
an index between 1.41–2.0, this sensitivity is due to 
the poor quality of the climate, the poor quality of the 
soil and the poor quality of the vegetation and the so-
cio-economic factor corresponding to cropland and 
cultivation. 

CONCLUSIONS 

In this study, we mapped the risk of desertifica-
tion by adaptation of the MEDALUS method and use 
of GIS tools in the Hodna basin. These latter enabled 
the ease of calculations of indicators in the  
MEDALUS method by a multitude of functions of 
spatial analyses and methods of classification. Map of 
sensitivity obtained shows that more than half of the 
territory of the Hodna basin, or 61% is classified as 
potentially sensitive to little sensitive. The geograph-
ical distribution of the areas of risk corresponds to 
various degrees of sensitivity to phenomena related 
essentially to the topography, geographical position in 
relation to the quality of the climate and human pres-
sure. Areas submitted with a strong sensitivity to des-
ertification are either those subject to strong anthro-
pogenic pressure, or those affected by high aridity, or 
by the simultaneous combination of both climatic and 
anthropogenic factors. The maps produced by the 
model are a mode of communication of a measured 
and geo-referenced reality, by a GIS, to which one 
must present arguments of ‟ground truth”.  

The study of the mapping of the risk of desertifi-
cation by adaptation of the MEDALUS method and 

the use of GIS tools suffers, here, from a number of 
limits. These limits are, firstly, due to the fact that it is 
impossible for any researcher or even research team 
approach all causal relations contained in this re-
search. Then, these inadequacies are related to availa-
ble data and the data that it is possible to collect on 
the field. Regarding the shortcomings of the  
MEDALUS approach, it is useful to note that the 
method of calculating the index of sensitivity to des-
ertification is based on assumptions that are not al-
ways easy to verify on the ground. 
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Fouzia BOUDJEMLINE, Ahcène SEMAR 

Ocena i mapowanie wrażliwości pustynnienia za pomocą modelu MEDALUS i GIS –  
Studium przypadku: dorzecze Hodna, Algieria 

STRESZCZENIE 

Ryzyko pustynnienia jest jednym z głównych problemów środowiskowych, ale także problemem społecz-
nym i ekonomicznym. Aż 20 mln ha w północnej Algierii zagrożonych jest pustynnieniem, a na znacznych ob-
szarach zagrożenie występuje w stopniu poważnym z powodu niszczenia roślinności i gleb na masową skalę. 
W badaniach wykorzystano system informacji geograficznej GIS i model MEDALUS (ang. – MEditerranian 
Desertification And Land USe) i zastosowano je w odniesieniu do basenu Hodna w Algierii. Wrażliwość oce-
niano z zastosowaniem zmodyfikowanego indeksu środowiskowej wrażliwości obszaru (ESAI), który uwzględ-
nia dane o jakości środowiska (klimat, roślinność, gleba) oraz czynniki antropogeniczne. Ta metoda umożliwia 
klasyfikację obszarów na: krytycznie zagrożone, słabo i potencjalnie wrażliwe. Uzyskane wyniki dowodzą, że 
61% badanego obszaru to ziemie potencjalnie wrażliwe lub o niskiej wrażliwości. Są to głównie tereny górzyste. 
Obszary wrażliwe na degradację znajdują się także w niżej położonych regionach Hodna o cechach stepu. Czyn-
nikami, które objaśniają zmienność wrażliwości na pustynnienie, są różnice w opadach pomiędzy północą a po-
łudniem oraz presja ludności i zwierząt inwentarskich. 
 
Słowa kluczowe: Algieria, basen rzeki Hodna, indeks ESA, MEDALUS, pustynnienie, wrażliwość gleb 

 


