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Abstract: The highlands of Eastern Algeria are characterized by an endorheism namely a 
local base level that does not allow the water system to get to the sea. The Area of chotts and 
sabkhas of Gadain region can be considered as an area of degradation lands due to the 
dynamics of sabkhas and chotts that are localized and installed on large areas on one hand and 
accelerated anthropogenic pressure on the other hand. This dynamic often presents special 
large extension, this study requires accurate and geo localized  information's. The analysis of 
the dynamics of chotts and sabkhas based on medium resolution satellite images on two 
different dates (Landsat TM 1987 and TM 2009) specializes  (mapping) and evaluates this 
dynamic. The comparison of the results provides  an overview of  the affected areas by the 
dynamics of  sabkhas and chotts and their direction  for 22 years. 
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*  *  *  *  *  *  
 

INTRODUCTION 
The process of degradation of agricultural land by soil salinization is one of the 

desertification forms in Algeria and the world, where itself covers nearly 500 000 Ha / year 
according to the figures of FAO, 2005. It overlaps with endorheic arid and semi-arid areas. Recent 
studies on spatial sebkhas and chotts (Douaoui et al., 2007; Hachicha, 2007; Benchallal et al., 
2009; Stephen et al., 2012) show some dynamic and expansion as a result of natural causes 
(topography, climate regime, ... etc.) on one hand and under human pressure on the others 
(Bouhata, 2015). The highland regions of eastern Algeria are characterized by a local base level 
endorheism that does not allow the water system to get to the sea. These endorheic areas of closed 
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or semi-closed morphological character localize receptors spaces and surface runoff collectors 
coming simultaneously from many basins. The interactions between these vulnerable areas, arid 
and semi-arid climate regime and socialization pressures directly contribute to the acceleration of 
ecosystem degradation process (Bouhata, 2015). The chotts and sebkhas area of Gadain region 
belongs to those areas and considered as an area of land degradation (salinization) due to the 
dynamic of chotts and sebkhas settled over large areas (Bouhata, 2008). This degradation leads to 
a new situation characterized by the decrease of agricultural land in a very fast way and it may 
reach an uncontrollable and irreversible threshold. Mapping of land use in this plain requires a 
synchronous study of surfaces and their uses. This study is based on a good knowledge of the 
existing land, that is why it is necessary to develop monitoring and management strategies of the 
environment and the agriculture, based on technological performance (Garouani et al.,1993; 
Benmessoud, 2011). The application of remote sensing has made it possible to study land use in 
less time, at lower cost and with a greater accuracy (Kachhwaha, 1985). Currently the Landsat 
satellite imagery is an important source of information for observing the earth surface due to its 
digital repetitive nature and also availability. The objective of this study is the analysis of the 
spatiotemporal evolution of land use, particularly the dynamics of sebkhas and chotts using the 
processing of two different Landsat satellite images dates (1987 and 2009). 

 
PRESENTATION OF THE STUDY AREA 
The study area is part of the southern Constantine high plains of eastern Algeria, which 

constitute a vast corridor mostly dominated by two mountains ranges: Aures massif to the south and 
Constantine mountains range to the north, a few kilometers north of Batna city. It is defined between 
the ranges of coordinates; Longitude: 6°12'15'' E and 6°29'50" E, Latitude: 35°55'51"N  and 35°40'50" 
N. According to ANRH, it belongs to the watershed of Constantine high plains (07-03) (figure 1).  

 

 
Figure 1. Location of the study area according to  

(l'Agence Nationale des Ressources Hydriques ANRH) distribution 
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Located at an altitude of (784 m to 1246 m), the study area is characterized by an 
impressive platitude whose slope rarely exceeds 5%. The area is spread on a surface of (348 km2 
)representing 46% of the total surface. This favors the presence of endorheism resulted in a 
multitude of Sebkhas and chotts that occupying the center of the plain (Ben Azzouz, 1986). 

In geologic term, the presence quaternary formations (sebkha soil, salted lemons...etc) and 
Triassic formations (colorful marls and gypsum breccias), significantly contribute to the salt 
character of these endorheic spaces. Generally, due to the semi-arid climate we can only find 
steppe and halophytic species that are resistant to soil salinity, mostly presented by a characteristic 
vegetation of large clumps Artiplex or Salsolaceae (Bouhata, 2008). 

 
MATERIALS AND METHODS 
We used for this diachronic study two Landsat TM satellite images of 30x30 m resolution, 

the first dating (August 19th, 1987), the second dated (August 6th, 2009). The choice of this period 
coincide with very low vegetation cover and accumulation of salts on the soil surface after a long 
drought (Bouhata, 2015). Two images of equal dimensions (970 x 900 pixels) were extracted 
according to the above raw images. We opted for a color composite of channels 4, 3, 2, which 
allows us to identify the different units of Land Use cleanly compared to other colored 
compositions. Based on visual interpretations and also good knowledge of the reality on the 
ground, from several missions on field using a GPS to locate some parcels images (figure 2). 

 

 
Figure 2. Map of the GPS readings and sampling frame 
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We defined six land cover classes (sebkha, Chott, bare soil, forest, agriculture and 
cereals). A supervised classification based on the method of maximum likelihood, was used 
on the previous two colored composition images using the image processing software (ENVI 
4.5). This method is considered as a powerful technique for classification. The rule of the 
decision of this method is based on the probability of a pixel belonging to a given category 
(Fojstng, 1999) and (Omar, 2014). 

Confusion matrix to validate the relevance and quality of our classifications 
(Benmessaoud et al., 2009; Bensaid, 2003), illustrate this performance (table 1 and 2); the 
average performance of classifications is 80.3% for the classification of TM 1987 and 85.2% 
for the classification of the TM 2009. 

 
Table 1. Image classification confusion matrix TM 1987 

 
 

Table 2. Image classification confusion matrix TM 2009  

 
 
RESULTS AND DISCUSSIONS 
The analysis results to determine the occupancy percentages for each class are shown in the 

table  (table 3) where Figure (figure 3) shows the comparison of the percentages of each soil 
occupation of unity between the two dates. 
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Table 3. Percentage and surface of land use units 

 
 

 
Figure 3. Comparison between surfaces occupancy units soil (1987-2009) 

 
The observation and analysis of previous results show an extension in: sebkhas 9%, 

chotts 0.8%, and bare soils 5.5%; a regression of agricultural and cereals surfaces 16.5%, 
which indicates the phenomenon of land degradation and the decline of agricultural activities 
in this region. Visual analysis of thematic maps of the resulting soil occupancy of the two 
previous classifications (figure 4 and 5), allows us to compare the state of surface spatial 
occupation on one hand and analysis the dynamics of sebkhas and chotts on the other hand. 
We notice a big visible change concerns the surfaces of classes (sebkhas, bare soil and 
cereals) representing the largest surface in the study area between 1987 and 2009. These 
changes result from the interaction of climatic deterioration, the endorheic nature and the 
impact of rapid socialization of these vulnerable areas. The strong growth of sebkhas surfaces 
(over 30 km²) during 22 years is explained by the influence of human impact. 

In the Northeast of the study area, the degradation of artificial forest because of diseases 
attacking the Aleppo pine and the lack of development indicate the onset of rocky outcrops and 
formation of Triassic. At the Tinsilt sebkha, the degradation of development work which were realized 
during the colonial period or the forest conservation works of Souk Naaman city in 1982 accelerate the 
progress of these sebkha and chotts to the neighboring farmland; Which changes the type of farming 
activities (cereals) to commercial crops resistant to soil salinity such as Tobacco. Therefore, this change 
is reflected in the reduction occupied areas by cereals (more than 15% or 55 km²), even the current 
agriculture policy geared to irrigated vegetable crops, where yield and profits are strong, largely 
contributes to the deduction of cereal surfaces and the percentage raising the of bare soil (more than 
5.5% or 19 km²). Moreover, the installation of Batna airport in the center of this area and the 
development of all kinds of road networks, especially their poor constructions (figure 6); contribute to 
the growth and the creation of a new sebkhas like Felenta sebkha  in the south east of the study area. 
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Figure 4.  Thematic map of land use in 1987 

 

 
Figure 5. Thematic map of land use in 2009 
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The spreading and dynamics of sebkhas chotts surfaces correspond to a loss of agricultural 
land and increase the vulnerability of these areas to desertification problems in general. The field 
clues are shown in both (figure 7 and 8). And the results obtained by processing satellite images 
show the rapid appearance of the ecosystem degradation process. 
 

 
Figure 6. Stagnant surface water on poorly constructed roadsides (Photoes taken by Bouhata)  
 

 
Figure 7. The lateral dynamics of sebkhas and chotts 

(Photoes taken by Bouhata, July 2013) 

 

   
Figure 8. The disappearance of halophytes in the proportion of very high salt 

(Photoes taken by Bouhata, July 2013) 
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CONCLUSION 
The degradation of farm land due to the dynamic of chotts and sebkhas is a major problem 

in all endorheic highlands areas of the eastern Algeria. The monitoring of this dynamic and its 
evaluation by conventional cartographic means remains difficult because of the update period 
which takes several months. For this reason, the mapping capabilities of Earth observation systems 
by satellites (Landsat) that provide regularly updatable and synchronic information have become 
indispensable. The study shows that surfaces of sebkhas and chotts catastrophically increased 
between summer 1987 and summer 2009 in the region of Gadain. This transgression is an 
indicator of a fast degradation of the ecosystem. It leads to an irreversible situation and very 
difficult to correct either on the local or regional scale of development, if not taken the immediate 
and necessary provisions that are based on the understanding and the analysis of the different 
ecosystem factors using the new geomatics techniques.    
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