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Abstract

This study aims to analyze the changes of forest cover in the region of Belezma-BATNA in North Alge-
ria, during a period of 31 years (1986 to 2017), based on the use of remote sensing data (diachronic anal-
ysis of satellite images Landsat) by calculating indices (NDVI and NDWI). The results revealed signifi-
cant changes during this period. Regressive changes in vegetation cover, particularly between 2000 and 
2017. This degradation is mainly located in the southern and southeastern part of the Belezma forest re-
sulting from several natural and anthropogenic factors. It can be considered that drought is one of the 
main causes causing the regressive change of forest during this period with other factors that promote 
this degradation such as overgrazing, fire, phytosanitary problems (caterpillar processionary), etc. 
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Introduction

The Mediterranean forests constitute a fragile natural 
environment, deeply disturbed by multiple uses. Ag-
gressions are variable depending on the human de-
mography and needs. These determine the progres-
sion or regression phases of the forest surface (Quézel 
& Barbéro 1990).

Forest biodiversity is declining in most of the forest 
regions of Algeria. In addition to the natural vulner-
ability that characterizes the Mediterranean forests 
and the formations sub forestry, the Algerian forest 
continues to undergo various pressures and repeated 
significantly reducing its vegetation potentials, water 
and soil (Chenouf et al., 2009).

Earth observation technologies play a major role in 
the study, modeling and monitoring of environmen-
tal phenomena, at variable spatial and temporal scales, 
and on an objective, exhaustive and permanent ba-
sis. These technologies thus pave the way for the es-

tablishment of early warning systems and enable pol-
icy-makers and decision-makers to define appropriate 
strategies in the context of sustainable development 
(Gerard et al., 2014).

Remote sensing allows us to monitor our environ-
ment on wide expanses, to make comparisons in time 
and space in order to better understand the functioning 
of ecosystems (Tidjani et al., 2009). For this we chose 
a remote sensing methods; the diachronic analysis of 
data to multi-date satellite imagery to inform us on the 
signs of the degradation of the environment. Therefore, 
the main objective is to show the potential for the use of 
remote sensing and GIS for the characterization of state 
of the forest cover and its spatio-temporal evolution.

The analysis of the landuse dynamic was made 
based on the Interpretation of vegetation indices cal-
culated from satellite images multidates (1986-2000 
and 2017).
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Materials and methods

Study area
The study has been carried out in the forest of Belezma 
located on the North-Est of Algeria in (35° 30’ and 35° 
45’ N; 5° 45’ et 6° 20’ E), With an area of 34396,4 hec-
tares and expands over the following common: Fes-
dis, Batna, Oued-Chaaba, Merouana, Oued el-ma, Hi-
doussa, Seriana, Djerma and Taxlent (Fig.1).

The Belezma is formed of a series of folds more or less 
in parallel. In the East the first fold is constituted by three 
mountains with the relief very steep: Touggour (2091 me-
ters a.s.l), Boumerzoug (1778 meters a.s.l), and Kasserou. 
The second fold is consisted the chain of Chellala who 
prolongs in North East by Maaguel and in South-west 
by Bordjem and Tichao (2138 meters a.s.l). In the West by 
Tichao and above Merouana draws up the fold of Refaa 
(2178 meters a.s.l) (Abdessemed, 1981). The climate of the 
area of study is of the Mediterranean type, the climate 
analysis shows that this area overlaps on two floors bio-
climatic semi-arid and subhumid at cold winter.

Methods
The followed methodology in this study is a geomatic 
approach for the extraction of the geographical infor-
mation based on the calculation of vegetation indices 
(NDVI and NDWI) from Satellite Images of the three 
dates (1986, 2000 and 2017).

In order to compare our data from the NDVI and 
the NDWI with the field, a sampling that consisted in 
carrying out phytoecological surveys where a number 
of environmental factors have been taken into account. 

The diagram below illustrates the major steps 
adopted for the development of the vegetation dy-
namics.

Geometric corrections
They are intended to correct the spatial image of the 
systematic deformations due to the shooting in order 
to make it superimposable on a map or another image. 
The satellite images used were georeferenced in the pro-
jection system (Latitude / Longitude, Type WGS 84).

Choice of the color composite and application of a 
mask of the study area
The analysis of the spectral signature of the different 
types of the landuse is an important step for choosing 
the right channel (Bensaid, 2006). We used the false 
color composite (band: 4-3-2 for Landsat 5 and 7 and 
band: 5-4-3 for Landsat 8). It associates the near-in-
frared, red and green band of the sensor with the red 
green and blue colors of the screen. This composite 
is very effective for analyzing vegetation. It exploits 
the peculiarity of the spectrum reflected by plants, 
which has a significant “peak” in the near infrared. 

Figure 1. Geographic localization of the study area
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On an image in “false infrared colors”, the vegetation 
which has a strong photosynthetic activity appears in 
bright red (peak of the near infrared), the water ap-
pears practically in black (this material absorbs prac-
tically all the wavelengths) and mineral surfaces (bare 

ground, concrete), appear in shades of blue to white. 
The purpose of a mask is to eliminate areas of the im-
age that could affect the results. of this work, we ap-
plied a mask to determine the study area that repre-
sents the limits of the Belezma forest.

Satellite images multidates (TM 1986, ETM+ 2000 and L8 2017)

Preprocessing and Processing o f images

Calculation of vegetation indices NDVI and NDWI

Integration of data in a GIS for the development of maps and spatial analysis

Detection of changes by the diachronic analysis

Field data

Figure 2. Methodology Chart

Figure 3. The color composite (band: 4-3-2 for Landsat 5 and 7 and 
band: 5-4-3 for Landsat 8)
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Calculation of indices
The indices are obtained by a mathematical combina-
tion of spectral bands of the image. They are useful to 
highlight or enhance certain types of landuses. There 
are several types of indices; we will calculate two in-
dices of vegetation to extract the changes in the forest 
cover between the different dates.

Calculation of Normalized Difference Vegetation 
Index (NDVI)
The vegetation index is linked to the activity of the 
plant cover: Leaf pigment strongly absorbs radiation 
in the red (R) while the spongy parenchyma reflects a 
large part of the near infrared radiation (NIR). As well 
in the development phase of a covered, the biomass 
and the quantities of pigments are increasing, which 
leads to an increase in the near infrared and a decline 
in the red. The reverse occurs at the end of the vege-
tative cycle. Several indices, proportional to a chloro-
phyll activity active; have thus been developed among 
which one of the most known is:

NDVI = (NIR - R) / (NIR + R) whose values vary 
between-1 and +1 (Deshayes and Maurel, 1991).

We calculate the NDVI, because it is a good indi-
cator of the biomass and the health of the plant. It is 
used to discriminate the bare soil and plant surfaces.

Normalized Water Difference Index (NDWI) 
In 1996, Gao proposed this index for the detection of 
water contained in vegetation.

The normalized difference water index (NDWI), is 
proposed for remote sensing of vegetation liquid wa-
ter from space. NDWI is defined as (p(0.86 um) – 
p(1.24 um))/ (p(0.86 um) + p(1.24 um)), where p repre-
sents the radiance in reflectance units. Both the 0.86- um 
and the 1.24- um channels are located in the high reflec-
tance plateau of vegetation canopies. They sense simi-

lar depths through vegetation canopies. Absorption by 
vegetation liquid water near 0.86 um is negligible. Weak 
liquid absorption at 1.24 um is present. Canopy scatter-
ing enhances the water absorption. As a result, NDWI 
is sensitive to changes in liquid water content of vegeta-
tion canopies. Atmospheric aerosol scattering effects in 
the 0.86-1.24 um regions are weak. NDWI is less sensi-
tive to atmospheric effects than NDVI; NDWI does not 
remove completely the background soil reflectance ef-
fects, similar to NDVI. Because the information about 
vegetation canopies contained in the 1.24- um channel 
is very different from that contained in the red channel 
near 0.66 um, NDWI should be considered as an inde-
pendent vegetation index. It is complementary to, not a 
substitute for NDVI (Gao, 1996).

Field data (Phytoecological records)
Phytoecological surveys were carried out on the 
ground at different stations in the forest, and the sur-
veys took into account the period of optimum vegeta-
tion development. The vegetative period begins at the 
beginning of March and around the middle of this 
month in the mountains and goes until the end of Oc-
tober (Fall) and mid-October in (mountain) (Sahli, 
2004). We have realized them in the period of April-
beginning of June.

Subjective sampling was adopted in this study. Ac-
cording to Gounot (1969), it is the simplest and most 
intuitive form of sampling. The researcher chooses ar-
eas that seem to him, particularly homogeneous and 
representative according to his experience or his sub-
jective choice.

At each floristic survey, we noted geographic coor-
dinates, aspect, elevation, slope, litter cover, human 
activities (pasture), and a list of all species recorded. 
Then we made a table that allows us to combine the 
field results with those of remote sensing which are 
the indices calculated from the satellite images (NDVI 
and NDWI) to make the analysis.

Results and discussion

Normalized Difference Vegetation Index (NDVI)
The NDVI results are maps showing a growing gradi-
ent of plant activity with values ranging from -1 to +1; 
values close to -1 mean that no vegetation or indicate 
the decrease in vegetation density, whereas those close 
to +1 indicate that the vegetation is in good growth 
and good health. These values were categorized into 
four classes of vegetation (dense vegetation, medium 
density vegetation, clear vegetation, and bare soil), 
and their area was calculated for comparison and veg-
etation cover dynamics over three years (1986-2000 
and 2017).

Because the vegetation cover is very dynamic due 
to climate change and human activities, the value of 
NDVI is still found to be variable in many case studies. 
Therefore, it is important to assess the change in veg-
etation cover, in addition to detecting changes (Peng 
et al., 2012).

From the map of the NDVI we can see the progres-
sive evolution of the vegetation of the forest of Belez-
ma between 1986 and 2000 whereas during the period 
(2000-2017) the forest experienced a regressive evo-
lution remarkable in the map in particular for dense 
vegetation.
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As it was said before that NDVI values that ranges 
from -1 to +1, we can extract values for each class.
• In 1986 : Dense vegetation (from 0.5 to 0.7), Medium 

density vegetation (from 0.3 to 0.5), Clear density veg-
etation (from 0.1 to 0.3) and Bare soil (from -0.1 to 0.1).

• In 2000 : Dense vegetation (de 0.5 à 0.7), Medium 
density vegetation (de 0.3 à 0.5), Clear density vege-
tation (de 0.2 à 0.3) and Bare soil (-0.01 à 0.2).

• In 2017  : Dense vegetation (de 0.4 à 0.6), Medium 
density vegetation (de 0.3 à 0.4), Clear density vege-
tation (de 0.1 à 0.3) and Bare soil (0 à 0.1).

From the analysis of the above data, profound 
changes have occurred over the last 31 years. The com-
parative analysis shows a gradual evolution of the 
dense vegetation from the year 1986 to 2000 this evo-
lution amounts to regressing from the year 2000 to 
2017. For the average density and the clear vegetation 
decreased in 1986-2000 but in 2000- 2017 have in-
creased which confirms the degradation of the forest 
environment, especially the southern and southeast-
ern part of the Belezma forest.

Figure 4. NDVI calculated from Landsat 5 TM (19-05-1986), Landsat 7 
ETM + (15-04-2000) and Landsat 8 OLI-TIRS (22-04-2017) images

Table 1. Vegetation dynamics (1986-2017)

Class /
Surface

1986 2000 2017 Dynamic (1986-2000) Dynamic (2000-2017) Dynamic (1986-2017)
(ha) (ha) (ha) (ha) (%) (ha) (%) (ha) (%)

Dense vegetation 4945,14 7664,49 4959,54 2719,35 7,91 -2704,95 -7,86 14,4 0,05
Medium density 
vegetation

13579,38 12424,86 12577,85 -1154,52 -3,72 152,99 0,45 -1001,53 -2,91

Clear density 
vegetation

13261,05 11646,72 11884,14 -1614,33 -4,69 237,42 0,69 -1376,91 -4

Bare soil 2607,57 2657,07 4971,61 49,5 0,14 2314,54 6,73 2364,04 6,78



Study and diachronic analysis  
of forest cover changes of Belezma-Algeria

258 Geographica Pannonica • Volume 22, Issue 4, 253–263 (December 2018)

Result of the NDWI index
From the results of the NDWI, it can be noticed that 
the years 1986 and 2017 are characterized with high 
values in large surfaces, which indicates the presence 

of the water in the vegetation that is to say high values 
of NDWI, unlike the year 2000 which shows less sur-
faces than other years.

Figure 5. Diagram of class surfaces

Figure 6. NDWI calculated from Landsat 5 TM (19-05-1986), Landsat 7 
ETM + (15-04-2000) and Landsat 8 OLI-TIRS (22-04-2017) images
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Calculation of temperatures and precipitation
In this contribution the precipitation and temperatures 
of the corresponding years (1986-2000-2017) of the 
study were calculated in order to see the effect of cli-
mate on the vegetation cover. For this we have exploit-
ed the climatic data from the weather station of Ain Sk-
houna (Batna), which is located at an altitude of 821. 29 
meters, because of absence of  weather stations  at the 
level of the Belezma forest we have been extrapolated 
from the Ain Skhouna (Batna) weather station.

Seltzer (1946), in his climate study of Algeria in-
dicates that the average decrease in temperature is a 
function of altitude:
• Minimum temperature: decrease of 0.4 °C per 100 m.
• Maximum temperature: decrease of 0.7 °C per 100 m.

According to (Seltzer, 1946), for a rise of 100 me-
ters, the rainfall increases by 40 mm, for the  conti-
nent, and 80 mm for the coast.

The diagram (Fig.7) shows the rise of the average 
temperature during three years of observation (1986-
2000-2017).

Comparing the NDWI results with precipita-
tion during the three observation dates, we can con-
firm that the rainy year corresponds to a rise in the 
NDWI (this is the case for 1986 and 2017). While 
the year with lower precipitation totals is a low val-
ue for NDWI (the year 2000). Among all the tem-
perature registration during this period, those of the 
year 2000 are the highest. High temperatures with 
low rainfall and low values of NDWI during the year 
2000, confirms a drought, compared to other years 
of observation.

Correlation of remote sensing indices with field data
Points were selected according to the graduation of 
the vegetation cover. These points are divided into 
classes of dense vegetation, medium and clear vege-
tation. The NDWI levels were also taken at the same 
points by adding other field information such as alti-
tude, slope, exposure, and so on. Also the list of spe-
cies identified in each survey, after which we  did  a 
small analysis, which consists in determining the bio-
logical type of the species.

Figure 7. The average temperatures of the study area (Belezma) during 
the years 1986, 2000 and 2017.

Figure 8. Precipitation of the study area (Belezma) during the years 
1986, 2000 and 2017.
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We have selected some NDWI and NDVI map 
points for the year 2017 and confirmed with the field 
data to make the following table:

After correlation of remote sensing indices with 
field data, we can see that: 
• The high values of the NDWI matches to the dense 

vegetation that is to say high values of NDVI close 
to 1, this is the case of P1 Tuggurt and P2 Bordjem 
whose aspect is North and Northeast respectively.

• The average and low values of the NDWI corre-
spond to the vegetation with medium density and 
clear vegetation; this is the case of the Refaa P2 sta-
tion (southern aspect), the P3 Boumerzoug station 
(North exposure) and the Djerma P5 station (South 
aspect).

We also note that grazing is almost identified in all 
sampling points. Drought is not the only factor caus-

Figure 9. Survey points map

Table 2. Table of field data

Survey 
point

Station Longitude Latitude Altitude 
(m)

NDVI NDWI Slope Aspect Litter 
coverage

Pasture

P1 Tuggurt 06°03’01,6” 35°34’42,5” 1468 Dense 
vegetation

High >15% North 5-10% Yes

P2 Refaa 05°51’28,8” 35°33’48,0” 2028 Medium 
density 
vegetation

Medium <5% South 15% Yes

P3 Boumerzoug 06°05’21,6” 35°33’45,4” 1270 Clear density 
vegetation

Low / North 0-5% Yes

P4 Bordjem 06°1’0,5” 35°35’35,47” 1760 Dense 
vegetation

High >30% North-Est 5-10% Yes

P5 Djerma 06°16’52,07” 35°40’3,32” 1048 Clear density 
vegetation

Medium / South Very low /
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ing this degradation, there are  others, such  as: fire, 
overgrazing, phytosanitary problems (the procession-
ary caterpillar), illegal cutting (Fig.10), etc.

Algeria is precisely one of the countries most affect-
ed by drought phenomena (rain less and less abun-
dant) (Abd el guerfi, 2003). Located in a transition 
zone between temperate and subtropical  regions, Al-
geria is highly sensitive to climate because of the great 
variability of seasonal and annual rainfall (Abd el 
guerfi, 2003).

For the last decades, a rise in temperatures and a 
decrease in rainfall over the whole country (Abd el 
guerfi, 2003). Drought by upsetting the equilibrium 
between living beings, favors the collapse of habitats, 
leading to the gradual disappearance of vegetation 
and animals, resulting in the installation of deserts 
(Abd el guerfi, 2003).

The impact of drought on the forest also takes oth-
er forms. Thus, in addition to the alteration of natural 

balances, the recrudescence of fires and the reduction 
of terrestrial and piscicultural  fauna, the weakening 
of trees encourages the proliferation of parasitic at-
tacks and reduces the possibilities of renewal of the 
forest (Narjisse et al., 2001).

The Belezma forest underwent significant modifica-
tions during this study period (1989-2017), a remarka-
ble regressive evolution of the forest cover was noticed, 
especially between 2000 and 2017 located mainly in 
the South and South-East of the forest, these degraded 
areas are the most vulnerable to desertification.

According to Boudy (1952), the action of animals is 
represented, above all, by that of cattle grazing in the 
forest. This action is almost always harmful and con-
stitutes the main factor of destruction of the forested 
state. The excessive grazing transforms most often the 
forest in a form of regressive vegetation, such as scrub, 
maquis, where the trees disappeared and where there 
are only shrubs of lesser value (Boudy, 1952).

Table 3. Species identified on the ground

Identified species

P1 P2 P3 P4 P5

• Cedrus atlantica
• Cotoneaster 

racemiflora 
• Quercus ilex
• Juniperus oxycedrus
• Ornithogalum 

umbellatum
• Silene italica
• Carduus nutans
• Galium aprine
• Coronila scorpioides
• Ampelodesma 

mauritanicum
• Torilis nodosa
• Centaurea 

tougourensis
• Ranunculus spicatus
• Ferula communis
• Asphodeline lutea
• Asphodelus 

microcarpus
• Erinacea anthyllis
• Dactylis glomerata
• Malope malacoides
• Bellis sylvestris
• Aegilops triuncialis
• Poa bulbosa
• Lotus corniculatus
• Hyoseris radiata
• Thlaspi perfoliatum
• Hedypnois cretica
• Rumex tuberosus
• Calycotome spinosa

• Cedrus atlantica
• Cotoneaster 

racemiflora 
• Quercus ilex
• Berberis hispanica
• Erinacea anthyllis
• Anacyclus clavatus
• Helianthemum 

croceum
• Centaurea alba
• Thlaspi perfoliatum
• Bupleurum spinosum
• Bellis sylvestris
• Carex sp
• Satureja granatensis
• Teucrium polium
• Thymus ciliatus
• Asphodeline lutea
• Crupina vulgaris
• Xeranthemum 

inapartium
• Cerastium 

gibraltaricum
• Sedum sediforme

• Pinus halepensis
• Juniperus oxycedrus
• Juniperus phoenica
• Quercus ilex
• Olea europea
• Astragalus armatus
• Globularea alypum
• Stipa tenacissima
• Cistus monspeliensis
• Centaurea 

tougourensis
• Helianthemum 

cinerum
• Atractylis humilis
• Erinacea anthyllis
• Thymus sp
• Teucrium polium
• Paronychia argentea

• Cedrus atlantica
• Juniperus oxycedrus
• Ranunculus spicatus
• Thlaspi perfoliatum
• Hyoseris radiata
• Medicago lupulina
• Geranium robertianum
• Knautia arvensis
• Asphodeline lutea
• Stellaria media
• Asphodelus 

microcarpus

• Juniperus oxycedrus
• Cuscuta sp
• Stipa tenacissima
• Rosmarinus officinalis
• Teucrium polium
• Teucrium pseudo-

chamaepytis
• Brachypodum 

distachyum
• Euphorbia helioscopia
• Sedum sediforme
• Paronychia argentea
• Micropus bombycinus
• Fumana sp
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Conclusion

In remote sensing applications, changes are consid-
ered as alterations of surface components with vary-
ing rates. Information on changes in land cover and 
land use is important because of their practical use 
in a variety of applications, including deforestation, 
damage assessment, disaster monitoring, urban ex-
pansion, planning and land management (Hussain et 
al., 2013).

The use of remote sensing and GIS allowed us to un-
derstand the dynamics of land use. Remote sensing data 
analysis and field data reveal a regressive change in the 
Belezma Forest during the period (1986-2017). Declin-
ing rainfall and drought in recent decades are among 
the main factors in the degradation of this forest envi-
ronment with other factors; overgrazing, logging, fire, 
etc. Of which, reduced vegetation cover plays an impor-
tant role in the process of desertification.
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