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Abstract: Algeria with its situation and its territorial dimensions count among the countries 
which have an important natural potential, today's subject of caprices of hue climate aridity, 
where the effects are conjugate more by intense socialization of ecosystems especially in 
mountainous and steppe zone big part of the territory is threaded by desertification. The 
objective of this study is to determine the contribution of the satellite images in the detection 
of ground occupation changes and to pursuit in forms of degradation between the three dates 
1987, 2000 and 2013 in the area of oriental Aurés in Algerian East. Our methodology is based 
on the use of data of the ground occupation, through the assisted and supervised classification 
with the method of maximum of images chariness by the satellite Landsat TM of 1987, ETM 
of 2000 and oil of 2013. The obtained results show the forest cover and the steppe of Alfa and 
wormwood, they are regressed by against the bare soil and sandy soil; they have a new 
remarkably increase. This multi temporal study is a diagnostic which allows us in the same 
time to determine the Phenomena's of degradation which touches in vast areas the Aurés 
causing a regression of vegetal cover, but also in its evolution between 1987 and 2013. 
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*  *  *  *  *  *  

 
INTRODUCTION 
Algeria is an exceptional ecologic entity in the Biosphere, the rapid population growth, the 

difficult climate conditions, the overexploitation of the natural resources; those precedent factors 
generated the problems of degradation (Benderraji et al., 2006). The oriental Aures is formed by a 
mountainous ecosystem of the Atlas Saharan and  the steppe ecosystem of the south. The agro-
ecosystem mountains are almost in a state of advanced degradation of the effect of human 
pressing: deforestation in adapted plowing on steppe slopes, overgrazing, overexploitation of 
groundwater (Benabdeli, 1993; Bouidjra, 2011) and high Algerian steppe plains regions are 
essentially pastoral vocation. They are today strong tendency on the degradation which is 
translated in the reeducation of biological potential and the breakdown of ecological equilibrium 
(Abdessemed, 1984). The studies on the change in the land occupation, are very important because 
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they allow to now the current trends in processes of deforestation degradation desertification and 
loss of biodiversity of given region (Lanbien et al., 2001; Cristina et al., 2009). 

The remote sensing permit to survive our environment on large expanses, to make 
comparison between time and space in order to understand better the function of ecosystems 
(Tidjani et al., 2009). 

During the last decades, a good number of works were realized on the evaluation of the 
ground occupation in Algeria among them we can mention (Anser, 2002; Bensaid, 2006; 
Benmessaoud, 2009;  Bouiadjra, 2011). 

The present work is given to a principal objective to realize cards of ground occupation in 
the Aurés oriental during the years 1987, 2000 and 2013 in order understand and analysis the 
changes of ground occupation between two periods of 26 years (1987- 2013) were performed on 
the basis of satellite images processing of Landsat. 

 
AREA OF STUDY  
The oriental Aurés located in the East of Saharan Atlas between 34,16°and 35,67° of North 

latitude and between 6,50° and 7,92° of  longitude, it covers a global area near to 1,421,732 ha, it 
culminates to 2326 m to Ras Keltoum, is the biggest in northern Algeria, it is characterized by 
strong gradients. 

 
Figure 1.  Geographic situation of study region 

 
The climate of Aures oriental is continental type in north and almost in south, the winters are 

very harsh; the summers are hot and dry. The bioclimatic floors spread of subsumed to semiarid.  
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The soils are poor and less deep except in north where the ground is relatively deeper, also 
the rock sea outcrops. The vegetation covert of the area is composed of two types  the forest cover 
in north ,its covered by upstream to downstream with the cedar, the green oak, the Aleppo pine, 
the Phoenician juniper, in the south area ,the vegetation is formed by the steppe routes and 
Saharan, the principal species met are the Alfa and worm wood. On the human plan, the study area 
knew a demographic growth this one concerned the agglomerated population that the Sparse 
population. social and ecological balance is disrupted is by begetting increased need for population 
growth that has not been accompanied by a creation job sufficiently consequent to absorb the labor 
of Works excedente to the needs of a reasonable use of rangelands (Manière et al., 1993; Bedrani, 
1993; Moulay et al., 2011). 

 
MATERIAL AND METHODS 
Our approach is based on the use of remote sensing data to realize our diachronic analysis, 

we chose six satellite images, Lansat taken on 09 May 1988 and 16 June 1987 (sensor thematic 
mapper TM), on the 07 March 2000 and the 24 April 2000. Capteur thematic mapper ETM – the 
07 march 2000 and the 24 april 2000, Enhanced Thematic Mapper ETM+, the 17 April 2013 and the 
15 June 2013 (Sensor operational Land imager OLI. They are all acquired during the dry season ,or 
we can distinguish deferent kinds of land. In order to use images of remote sensing in the treatment 
and analysis, we followed three principal stages: pretreatment images, supervised classification and 
development of evidence of land used changes; this gait is represented by figure 3. 

 

 
Figure 2. Map of sample 



Study and Diachronic Analysis of Changes of Ground…  
 

183 

Pretreatment of satellite images 
These are operations on satellite images are intended to improving viewing images and 

facilitate their interpretation while first we correct and improve geometric correction is to correct 
the images in the manner rends superimposed on the images or to map reference document the 
radiometric rectification when it is to change the visual appearance  of the image in order to 
facilitate its interpretation , after carrying out  all the adjustment elementary operations of contrast 
(luminance enhancement), then a mosaic for both Scene key (193/35) and (193/36) according to 
their exact position on the surface of earth that we gave overview of the study area. Also we 
applied on the mosaic ked image a mask from the administrate limits of eastern AURES for the 
extraction of our study area. A colored composition with false color was prepared, it results from 
the superposition of three spectral bungs, each of which is assigned to one of three primary colors-
red, green, blue, by convention red color is attributed to the near-infrared band. The green color on 
the red band and the blue color on the green band. 

 
Missions of recognition and ground data 
Lot of missions of knowing the fields were done for the fixing and the knowing of certain 

numbers of represented parcels of different types of land sensing which met the study zone. The ground 
mission was done in spring 2013 (April and May 2013) it includes a set of points collected in the field 
by GPS positioning, these points are georeferenced in longitude, latitude and give an information of 
ground  occupation prated on 10 classes relevant with respect to our objectives of study; dense forest. 
Clair forest, steppe to Alfa, steppe to worm wood, cereal, gardening, bare soil sandy soils, water plan 
and finally chott and sebkha. We use Earth Google in order to finish our field knowing, for the difficult 
places to access to security causes, the complementary points of sample of earth Google and the raised 
GPS points, are represented in form of sample card in the figure 2. 

 
Validation of the classification 
One classification was operated on a colored composition, it is about assisted, supervised 

classification by maximum of likelihood which classifies the functioned pixels of their similarity  
with the numeric counts of geographic object of determined reference on the image (parcels of 
training) and validated by land counts (El Garouani et al., 2007). 

The tables 1, 2 and 3 represent the matrixes of confusion show for every class the principal 
confusions do the work of supervised classification of images. Those tables show the number of 
the good classified pixels, but with the indices of Kappa (0,73, 0,82 and 0,82) which we précised 
for the dates 1987, 2000 and 2013 allow  us to conclude that the results of these classifications are 
acceptable statiquely.   
 

Table 1. Confusion matrix of the supervised classification of landsat 1987 

Class 
Dense 
foret 

Clair 
foret 

Steppe 
of Alfa 

Wormwood 
Steppe 

Cereal  
cultur

e 

Gardenin
g 

Bare 
soil 

Sandy 
soil 

Water 
plan 

Chott 
and 

Sebkh
a 

Total 

Dense foret 2261 213 0 0 0 0 0 0 0 0 2474 
Clair foret 292 1739 59 3 453 0 0 0 0 4 2550 
Steppe of 
Alfa 

1 89 1707 92 451 8 0 0 0 0 2348 

Wormwood 
Steppe 

0 17 58 1593 11 1 9 0 0 0 1689 

Cereal  
culture 

0 195 364 41 1606 0 8 0 2 10 2226 

Gardening 3 3 4 0 0 314 0 0 0 0 324 
Bare soil 0 0 1 229 539 0 441 0 0 0 1210 

Sandy soil 0 0 0 14 0 0 0 676 0 0 690 
Water plan 0 0 0 0 0 0 0 0 276 0 276 
Chott and 
Sebkha 

0 0 2 5 135 0 8 0 2 545 697 

Total 2557 2256 2195 1977 3195 323 466 676 280 559 14484 
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Table 2. Confusion matrix of the supervised classification of landsat 2000 

 

Table 3. Confusion matrix of the supervised classification of landsat 2013 

 

Table 4. Percentage and size of units of land 

Type of land 
Area in 1987 Area in2000 Area in 2013 

hectares In % hectares In % hectares In  % 

Dense forest 44.681,31 03,14 22.956,3 01,61 13.612,50 00,96 

Clair forest 106.904,52 07,52 94.931,46 06,68 78.843,51 05,54 

Steppe of Alfa 164.753,46 11,59 184.488,12 12,98 126.659,34 08,91 
Wormwood steppe 463.259,7 32,58 253.113,3 17,80 179.760,60 12,64 

Cereal culture 247.849,02 17,43 174.541,86 12,28 276.372,45 19,44 
gardening 18.161,1 01,28 71.730,63 05,04 47.760,21 03,36 

Bare soil 222.489,36 15,65 328.562,82 22,92 380.006,55 26,73 

Sandy soil 108.577,89 07,64 267.725,16 18,83 289.068,57 20,33 

Water plan 45,45 0,003 262,62 00,02 245,43 00,02 

Chott and Sebkha 45.046,71 03,17 26.120,61 01,84 2.9397,69 02,07 

Total 1.421.768,52 100.00 1.421.732,88 100.00 1421726,85 100.00 

 
RESULTS AND DISCUSSION 
With the help of data of remote sensing, we assumed to know three occupation cards of the 

ground (Figure 4, 5, 6) respect in 1987, 2000 and 2013, also where respective statics of all  
occupation classes of the ground  during the three dates (Table 4), this table is graphic presented 

Class 
dense 
foret 

Clair 
foret 

Steppe 
of Alfa 

Wormwoo
d Steppe 

Cereal  
culture 

Gardenin
g 

Bare 
soil 

Sandy 
soil 

Water 
plan 

Chott 
and 

Sebkha 
Total 

dense foret 1672 37 0 0 0 1 0 0 0 0 1710 
Clair foret 43 1329 76 00 2 122 18 0 1 0 1591 

Steppe of Alfa 0 188 2032 29 67 4 27 0 0 0 2347 
Wormwood 

Steppe 
0 0 43 1361 24 0 249 8 0 0 1685 

Cereal  culture 0 72 65 95 887 29 25 0 0 0 1173 
Gardening 3 221 10 1 136 119 27 0 0 0 517 
Bare soil 0 4 51 359 360 0 1495 58 0 7 2334 

Sandy soil 0 0 0 6 0 0 18 4576 0 7 4607 

Water plan 0 0 0 0 0 0 0 0 505 0 505 

Chott and 
Sebkha 

0 0 0 55 0 0 52 12 1 626 746 

Total 1718 1851 2277 1906 1476 275 1911 4654 507 
640 
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Class 
dense 
foret 

Clair 
foret 

Steppe 
of Alfa 

Wormwood 
Steppe 

Cereal  
culture 

Gardening 
Bare 
soil 

Sandy 
soil 

Water 
plan 

Chott 
and 
Sebkha 

Total 

dense foret 708 132 0 0 0 0 0 0 0 0 840 
Clair foret 45 1733 0 0 7 4 0 0 0 0 1792 
Steppe of 
Alfa 

0 2 975 3 301 12 0 0 0 0 1293 

Wormwood 
Steppe 

0 0 0 465 0 0 824 0 0 0 1289 

Cereal  
culture 

0 6 53 0 1273 24 119 0 0 0 1475 

Gardening 2 22 0 0 58 660 0 0 0 0 742 
Bare soil 0 0 0 84 31 0 13312 13 0 0 13440 

Sandy soil 0 0 0 0 1 0 629 1257 0 45 1932 

Water plan 0 0 0 0 0 0 0 0 442 0 442 
Chott and 
Sebkha 

0 0 0 0 1 0 3 166 0 798 968 

Total 755 1895 1028 552 1672 703 14887 1436 442 
843 
 

24213 
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(Figure 7). Those results of three classifications allow us to make a diachronic analysis in order to 
understand the evolution of ground occupation between the deferent studied dates. 
 

 
Figure 3. Methodological flowchart 

 

  
 

Figure 4. Map of land use in 1987                                   Figure 5. Map of land use in 2000 
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Figure 6.  Map of land use in 2013 

 

Status of the land in 1987 
At this date, the ground occupation was dominated by the wormwood step covers  

463.259,7 hectars, about 32,58 % of total surface, the formations which based on the wormwood  
occupied  the zone of spreaders. The unit of cereal culture occupies 247.849,02 hectares, about  
17, 43 % concerns the planting prepared to make cabinet and it locates most in the north of the 
study zone. The bruit soil is 222.489,36 hectares, about 15,65 % locates in the south of mountains 
of Nmamecha and the sandy soil is 108.613,53 hectares of estimated superficies of 7,64 % of the 
total territory, it locates in south of the areas of Ferkane, Negrine and in the south of Babar town. 

The bioclimatic conditions are favored to instable surfaces of alfa which cover a superficies 
equal to 164753,46 hectares equal a percentage of 11,59 % the zones semi-arid superior and 
subsumed are favored to install forest formations the forests of Chelia and Djebel Feraoun in the 
south west of the village of khenchela are dense forests which occupied 44.681,31 hectares, 3,14% 
of the total surface, in other hand it exists claire forests full of painting of despite in degraded form 
covers a superficies of 106.904,52 hectares about 7.52% locates especially on Djbel Mellagou. 

 The Chott Sebkha training and spread over an area of 45.046,71 hectares these formations are 
appearing in the municipality of Mahmal and south of the town of Babar. The culture unit gardening is 
1,28% of the total surfaces this type of culture we find as orchards in the wadis. The plan virtually 
nonexistent except for small dam in the town of Kais occupies 0.003% of the total surface water. 

 

Status of the land in 2000 
The cartography of the ground occupation in 2000 shows that the ground occupation is 

dominated by the bruit grounds 22,92% of the sandy soils which represent 18,83% of the total 
surface. The steppe vegetations also occupies an important space 17,80% for the wormwood and 
12,98% for alfa. Cereal culture crops covers an area of 174,541.86 hectares or 12.28% of the total 
area. The forest dense covers 6,68% for the Clair forests and 1.61% for the dense forests. The 
gardening charge cultures dominate 71730.63 hectares, about 5.04% of the area of study. The 
other units represent 1.84% for the theme chott and Sebkha is 0.02% for the water plan. 
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Status of the land in 2013 
About the state of ground occupation in 2013 the picture 6 shows that: The bare soil cover 

the biggest part of the area about 26.73% the sandy soils has proportion of 20.33% of the total 
space of the zone. Cereal culture in 2013 an area of known 276,372.45 hectares or about 19.44% 
of the total area. The forest formation covers 5.54% for the Claire forest 0.96% for the dense 
forests. The wormwood steppes occupied 12.64% of the total zone with 8.91% for the alfa; the 
gardening cultures represent 3.36% of the total surface. Finally, we have a proportion of 2.07% for 
the chott and Sebkha and 0.02% for the water plan. 

 
Detected changes between 1987 and 2000 
The changes of the ground occupation between 1987 and 2000 for the 10 classes are 

presented in (Figure 7) which shows the area of study are observable changed correspond to:  
- regression of dense and Claire forests their decrease are more than 3.14%, 7.52%, to 

1.61%, 6.68% respectivment; 
- alight increase of the steppe to also more than 11.59% to 12.98%; 
- a considerable reduction for the surfaces of the steppe for wormwood, we can say that the 

reduction of this class decreased to 14.78%;  
- decease of the surfaces of cereal culture over 1.28% to 5.04%;  
- an increase for the gardening class increased from 1,28% to 5,04%;  
- an extension for the bruit soils and the sandy soils over 15.65%, 7.64% to 22.92%, 

18.83% respectivment;  
- increase in the water plans which passed 0.003% to 0.02%; 
- decease in the theme of chott and sebkha passed 3.17% to 1.84%.  
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Figure 7. Graphic of results of changes between the period 1987 - 2000 

 
Detected changes between 2000 and 2013 
About what's concerns the change of the ground occupation between 2000 and 2013 (figure 

8) shows that the zone submit the changes manifest with:  
- a decrease of surfaces covert by the dense forests over than 1,61% to 0,96%; 
- a reduction in suffices covert by the Clair forests over than 6,68% to 5,54%; 
- decrease in the steppe of Alfa over than 12,98% to 8,91%; 
- decrease in the wormwood steppe over than 17,80% to 12,64%; 
- increase in cereal culture over than 12,28% to 19,44%; 
- a regression of the gardening theme over than 5,04%to 3,36%; 
- increase in surfaces which characterized by the bare soils is passed 22,92% to 26,73%; 
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- during this period the water plan class presents a big stability between the two dates; 
- increase in the class chott and Sebkha is over than 1,84 % to 2,07%. 
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Figure 8. Graphic of results of changes between the period 2000- 2013 
 

Detected changes between 1987 and 2013 
The analysis of data of remote sensing across the diachronic analysis of two cards of 

ground occupation, allow us to mention the deferent changes through 10 classes between 1987-
2013 about 26 years, those changes are presented in the picture 9 which shows: 

The dense forests occupation submit to important changes, where it is passed 44.681,31 ha 
in 1987 to 13.612,5 ha in 2013, which it was almost a reduction of 2,18%, also the Clair  forests 
knew a light regression of the order of 1,98% these degradations of forest's cover justified by the 
sedar  and the last firs which touched the forest of Beni M'loul. 

This occupation dominates 463259,7 ha during 1978 and passed 179.760,6 ha during 2013, 
equal a deference of 28.349,46 ha. This regression caused by the climatic factors like dryness and 
the entropic factors which plays a major role in the degradation like the overgrazing and the 
defrichment works, a big space of the steppe vegetation was transformed to bare ground or to a 
field of gardening. 
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Figue 9. Graphic of results of changes between the periods 198-2013 

 
The cereal represents an increase between the periods 1987 and 2013 which is over than 

17,43% and 19,44% equal an increase of 2% relative to the direction of habitants of this zone 
across the gardening to ensure their supply. 
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The occupation by the gardening submitted to change passed 1,28% till 3,63%, this 
increase (2,08%) returns to the efforts which encourages the invistissment of the adored cultures.              

The soil knew an important extension over than 15, 65% in 1987 and reached to 26,73% in 
2013, this extension registered by the less of stepped vegetation (alfa, wormwood). 

The sandy soils knew an important increase was the most touched by this change, we can 
say that this class increased to 12,69% between the periods 1987and 2013, an average of weak 
recovery of the vegetation and deep soil product sandy grounds. 

The water plans knew a light increase which passed 0,003% to 0,02% because of the 
realization  of dam in the town of Babar. 

The space of chott and sebkha registered a decrease of 3,17% to 2,07 because sand 
movements which occupied. 
 

CONCLUSION 
The diachronic analysis of the ground occupation between 1987, 2000 and 2013, shows the 

deep transformation of our environment during the time, this analysis based on the obtained results 
from the supervised classification of satellite images landsat and the extraction of detected 
changes, we have noted that the most important changes were in the second period between (2000-
2013) and they concern especially the regression of forest covert and steppe vegetation and the 
extension of sandy grounds and bare soil, we noted also that the steppe vegetation developed  form  
a forest  vegetation by degradation. The degradation which touches the area of oriental AURES is 
generated by the drought and generalized in all of Algeria during the last years, and the over 
exploitation of lands by the anthropogenic interventions. 
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