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Abstract. This study provides a critical analysis of land use and land cover changes in the Djebel 
Ouahch region (Constantine, Algeria) across three signifi cant time periods: 1984, 2004 and 2023. 
Using remote sensing data and spectral indices, the research reveals important trends in urban 
development and vegetation cover. The Normalised Difference Built-up Index (NDBI) showed notable 
variations: from minimal urban development (0.01) in 1984, to a signifi cant decrease (to –0.06) in 
2004 following shantytown eradication programmes, and a slight increase (to –0.03) by 2023 due 
to rural housing initiatives launched in 2008. Concurrently, the Normalised Difference Vegetation 
Index (NDVI) demonstrated an overall positive trend, increasing from 0.45 in 1984 to 0.55 in 2023, 
despite a temporary decline in 2004. This research contributes signifi cantly to understanding urban-
environmental dynamics in semi-arid regions and provides valuable insights for policymakers and 
urban planners. The fi ndings are particularly relevant for developing sustainable urban development 
strategies that balance population needs with ecosystem preservation in rapidly evolving regions.
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Introduction

Rapid and uncontrolled urbanisation constitutes 
a major environmental challenge in sub-Saharan 
Africa, threatening forest and agricultural 
ecosystems. Recent research highlights its 
potentially dramatic consequences, including the 
disappearance of vast forest areas and ecosystem 
simplification (Mundo et al. 2023). With the 
world's highest urbanisation rate (~67%), Africa 
perfectly illustrates this territorial transformation 
(Abubakar and Ejaro 2013).

In Algeria, particularly in the northern 
Mediterranean regions, this phenomenon 
translates to an alarming decline in forest areas, 

confronted by multiple anthropogenic pressures 
such as overgrazing, illegal logging and wildfires 
(Bassene et al. 2020). The scientific community 
has extensively documented these dynamics 
through diachronic studies conducted in various 
Algerian regions, including El Kala National 
Park, the Tessala Mountains and the Tolga region 
(Rekis and Belhamra 2015).

To understand and quantify these 
transformations, researchers now mobilise 
advanced remote sensing and spatial analysis 
tools. Spectral indices such as NDVI (Normalised 
Difference Vegetation Index), NDBI (Normalised 
Difference Urban Index), and the BU (Building) 
index now allow for fine-grained examination 
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of vegetation cover and urbanisation dynamics 
(Bouhennache 2018; Bouteraa et al. 2023). These 
methods offer an integrated approach to modeling 
complex interactions between urbanisation and 
forest ecosystems.

In this context, the Djebel Ouahch massif, 
located in the Numidian ranges of Constantine, 
represents a  particularly significant study area. 
This unique phytogeographical ensemble, 
characterised by singular geographical, geological 
and climatic conditions (Tlidjane et al. 2019), 
is undergoing profound mutations. Peri-urban 
forests, essential for climate regulation, carbon 
storage and environmental security (Rufino et 
al. 2011; Kearse et al. 2012; Joël et al. 2018), are 
threatened by increasing land artificialisation.

The objective of this research is to evaluate the 
impact of urbanisation on the forest ecosystems 
of Djebel Ouahch over a  40-year period. By 
utilising the Google Earth Engine platform 
and integrating complex biogeographical 
factors, we seek to quantify and understand the 
transformation dynamics of this natural space. 
How does urbanisation modify forest cover? 
What are the consequences for biodiversity 
and ecosystem services? These are the central 
questions that will guide our analysis.

Materials and methods

Study area

The Djebel El Ouahch massif, located in the 
north-east of the Constantine region, covers an 
area of 66,535 hectares. Anchored by the seven 
municipalities of Zighoud Youcef, Didouche 
Mourad, Constantine, El Khroub, Ibn Badis, 
Aïn Abid and Ouled Rahmoune, it lies between 
36°14'20.19" and 36°33'55.81" north latitude and 
between 6°38'0.82" and 6°58'37.65" east longitude.

This area offers a  representative microcosm 
of land use dynamics in the Constantine region 
and, by extension, in Algeria's  Tell. The study 
area is characterised by its geographical diversity, 
ranging from the sub-humid heights of the north 
(1,100–1,300 m) dominated by cork oak forests to 
the eroded agricultural plains of the south, thus 
capturing a  significant urban–rural gradient. It 

perfectly illustrates the tensions between urban 
development, agricultural preservation and the 
conservation of natural ecosystems, reflecting the 
major challenges facing the region. 

The representativeness of this area is evident 
through the dynamics of urban expansion, 
challenges in forest conservation, soil erosion 
issues, and land use conflicts, all emblematic 
of broader regional trends. This diversity and 
representativeness lend particular importance 
to the study's  findings, allowing for cautious 
extrapolation of observations at the regional level. 
Thus, the conclusions drawn from the analysis 
of Djebel El Ouahch can effectively inform land 
use planning and environmental management 
policies, not only for the immediate area but 
also for a  broader understanding of territorial 
dynamics in north-eastern Algeria (Fig. 1).

Data processing and analysis

Remote sensing approaches combined with 
mapping were adopted for the diachronic analysis 
of landscape dynamics using the Google Earth 
Engine (GEE) platform for the periods 1984, 
2004 and 2023. For this study, images from two 
types of LANDSAT sensors were used: 

– LANDSAT/LT05/CO2/T1 for the dates 1984 
and 2004;

– LANDSAT/LC08/CO2/T1 and LANDSAT/
LE07/C02/T1_L2 for the classification of the 
2023 period.

A collection of scenes was produced, and the 
average was chosen for this study. Finally, the 
classified images were filtered with a cloud mask. 
Satellite images were processed using the same 
analytical methods used to produce the maps. 
Arcmap10.5 was used to process the images.

The main objective of this study was to 
examine the spatiotemporal dynamics of 
urbanisation and construction and their impact 
on the forest environment, using special indices: 
NDVI, NDBI and BU. We then carried out 
a  supervised classification of the different types 
of land use and land cover (LULC). These indices 
were correlated using Minitab statistical software.

Urban development has led to an expansion 
of municipal territory, causing changes in land 
use. The study mainly aimed to identify, quantify 
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Fig. 1. Location of Djebel El Ouehch

and interpret the evolution of land use and urban 
growth based on data obtained from satellite 
imagery through the GEE platform.

Image processing stage

The main objective of the image processing was 
to accurately extract the built-up coverage of the 
study area for the years 1984, 2004 and 2023. 
The images were taken at different dates with 
minimal alteration to the geometric accuracy. 
Therefore, additional adjustment of the datasets 
was required, and all images were reprojected 
into the WGS 1984 UTM 32N coordinate 
system to eliminate image distortion. The images 
were processed through a  series of operations, 
including georeferencing, spectral band 
composition, mosaicking and extraction of the 
area of interest for the study using appropriate 
formulae and scripts.

Supervised classifi cation and land use

Classification has been carried out here to show 
a  visualisation of urban spatial changes and 
extensions for the years 1984, 2004 and 2023. 
Supervised classification with the maximum 
likelihood algorithm method was applied here 
to measure land use changes over time, and this 
method has proved to be an effective classifier, 
among others (Aronoff 1982). The images were 
classified into five classes, namely built-up 
areas, bare land, vegetated areas (agricultural 
and vegetation), water bodies and forests. To 
study the spatial configuration of urban areas 
during the study period, the LULC classes were 
reclassified into built-up and unbuilt-up areas. 
In this study, the built-up area class was used to 
represent areas of urban expansion.



M. Benoumeldjadj et al.Remote sensing of Land Use and Land Cover changes in semi-arid regions...

Citation: Bulletin of Geography. Physical Geography Series 2025, 29, http://doi.org/10.12775/bgeo-2025-0013122

 

 Fig. 2. Process flowchart

Accuracy assessment to minimise error 
during classification

Accuracy assessment is essential to minimise 
error when classifying satellite images 
(Rakotomala 2015). It was used to identify 
built-up areas, natural areas and other types of 
land cover in the study area. Several metrics are 
used for this purpose, such as the confusion 
matrix, Kappa coefficients, and omission and 
commission error rates. In this case, we opted for 
the confusion matrix method, which compares 

the classified pixels with reference data (ground 
truth), and the Kappa coefficient to confirm 
the accuracy of the classification in relation to 
a  known ground truth. Researchers explain that 
85% is the minimum acceptance accuracy value 
(Mosammam et al. 2017).

The accuracy values for the Djebel Ouahch 
zone are 0.98 in 1984 and 0.99 in 2004 and 2023 
(Table  1). Consequently, the matrix confusion 
test is 0.96 in 1984 and 0.94 for 2004 and 2023. 
An in-depth analysis identified the classes most 
prone to errors and adjusted the classification 
parameters (training samples, algorithms, etc.) 
to improve overall accuracy. High accuracy is 
crucial for reliable land cover mapping and 
monitoring changes over time (Pelletier 2017).

Category 1984 2004 2023
Test accuracy 0.98 0.99 0.99
Test confusion matrix 0.96 0.94 0.94

Table 1. Accuracy assessment for LULC
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Table 2. NDVI value ranges and land cover

Normalised difference vegetation index 
(NDVI)

The (Normalised Difference Vegetation Index) 
is the most widespread and widely used index 
for vegetation extraction (Guha et al. 2018). Its 
formula is as follows:

–

For LANDSAT/LT05/C02/T1_L2 

SRB4 − SRB3
SRB4 + SRB3

 

 For LANDSAT/LE07/C02/T1_L2 

SRB4 − SRB3
SRB4 + SRB3

 

 

Normalised difference built-up index 
(NDBI)  Built-up Index (BU)

There are several indices for analysing built-up 
areas, but we chose the Normalised Difference 
Built-up Index (NDBI) and the Built-up Index 
(BU).

–

For best results in mapping urban areas, (BU) 
combining NDBI (Liu et al. 2004) and NDVI is 
recommended. The BU produces a binary image 
in which only high positive values correspond 
to built-up areas and bare ground, making them 
easier to extract automatically.

For LANDSAT/LE07/C02/T1_L2

NDVI value Represents
˗1 to 0 Water bodies
˗0.1 to 0.1 Barren rocks, sand, or snow
0.2 to 0.5 Shrubs and grasslands or senescing crops
0.6 to 1.0 Dense vegetation or tropical rainforest

 

SRB5 − SRB4
SRB5 + SRB4

 

The binary combination approach (NDVI-NDBI) 
of Zha et al. (2003) is based on the following 
hypothesis: a  positive NDBI value indicates the 
presence of built-up areas, while a positive NDVI 
value indicates the presence of vegetation.

These two indices can be used to categorise 
different types of land cover on the basis of 
appropriate threshold values. In order to obtain 
a  more accurate classification, a  correlation 
between these indices was used to confirm 
our approach to supervised classification. For 
example, NDVI > 0.2 and NDBI < 0 allow 
vegetation to be extracted. Similarly, NDVI 
< 0 and NDBI < 0 are used to extract water 
bodies, while 0 < NDVI < 0.2 and NDBI > 0.1 
are used to extract built-up areas and bare land. 
However, these threshold values may vary due to 
atmospheric conditions. They can also be used 
to classify land cover. The Kappa coefficient and 
overall accuracy were calculated at 0.97 and 0.98, 
respectively.

Results and discussion 

Assessment of changes in land use and 
land cover

The Djebel Ouahch region is an important 
geographical unit, located to the east of the 
city of Constantine and made up of mutually 
interacting forest–agriculture–habitat interfaces. 
It is a  fragile natural environment, profoundly 
disturbed by multiple use (Gana et al. 2017). 
Overall, the increase in built-up areas is due 
to various human activities, namely land 
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use change, urbanisation, population growth 
and industrialisation. The distribution of the 
population across the landscape can affect the 
state of the environment in many ways. Population 
growth is often synonymous with increased 
urbanisation, including the conversion of forests, 
farms and other land for housing, transport and 
commerce, as confirmed by satellite images. The 
dynamics of land use and vegetation cover have 
had highly variable effects on vegetation indices 
and built-up areas. By calculating the NDVI-
NDBI in the Djebel El Ouahch region between 
1984 and 2023. For this reason, an attempt was 
made to discuss and compare the results of the 
two indices over three years (1984, 2004 and 
2023).

For the three years studied (1984, 2004 and 
2023), the bare land class largely dominates 
the landscape, occupying almost half of the 
total area, with a  maximum value of 59.09% 
in 1984 (Table  3). Vegetation is the second 
class, with a  maximum percentage of 42.46% in 
2004, followed by forest (15.37%) in 2023. The 
dominance of bare land in the landscape can be 

attributed to several factors, including historical 
land use practices, urbanisation, and agricultural 
expansion. The maximum value of 59.09% in 
1984 reflects this. The subsequent increase in 
vegetation cover to 42.46% in 2004 indicates 
a  recovery thanks to reforestation efforts during 
that period. With the exception of 2023, when 
built-up areas increase to 2.5%, the remaining 
built-up areas and water bodies are relatively 
small, representing less than 1% of the combined 
area. This distribution suggests a predominantly 
natural or semi-natural landscape, with limited 
urban development and water bodies.

These results are in perfect agreement with 
those for all medium-sized towns in Algeria, and 
Guelma in particular, which has been affected by 
rapid and massive urban growth that has greatly 
disrupted space, generating profound spatial and 
environmental transformations (Benoumeldjadj 
et al. 2023). The distribution of built-up areas 
is linked to the socio-economic activity specific 
to this region, which is based essentially on 
livestock rearing and small-scale subsistence 
farming organised around farms and rural 

Year 1984 2004 2023
Class km2 % km2 % km2 %
Built-up area 1.62 0.24 2.69 0.40 17.13 2.57
Bare area 394.23 59.09 316.03 47.37 342.19 51.29
Water 0.42 0.06 0.76 0.12 0.47 0.07
Vegetation 197.12 29.55 283.26 42.46 204.81 30.70
Forest 73.76 11.06 64.40 9.65 102.55 15.37

Table 3. Spatial distribution of land cover types in years (1984, 2004 and 2023)

Fig. 3. LULC Djebel Ouahch, 1984, 2004 and 2023 in order
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houses. This increase in built-up areas is due to 
the rapid economic, social and political changes 
that have occurred in Algeria over the last three 
decades, which have led to new urban and rural 
dynamics (Belguesmia et al. 2019), involving the 
emergence of a new spatial organisation that has 
resulted in growing competition for land use in 
peri-urban areas.

There was a  clear increase in forest cover, 
from 64.40 km² (9.65%) in 2004 to 102.55 km² 
(15.37%) in 2023, most likely due to reforestation 
and forest conservation efforts in the region (Fig. 
3).

The built-up area developed 20 km from the 
centre of Djebel Ouahch, extending in the NNW 
and NW directions, as well as in the SE and SSE 
directions. Forests are distributed within a 10 km 
radius of the selected centre, primarily in the N, 
NNE and NNW directions, and also extend 15 
km to the E and ENE. Vegetation is found 10 
km from the core, predominantly in the NW and 
NNW directions.

Spatial distribution of NDVI, NDBI and BU

NDVI increased from 0.35 in 1984 to 0.45 in 2004, 
suggesting an increase in vegetation cover during 
this period. It decreased from 0.45 in 2004 to 
0.42 in 2023, indicating a  slight decline in natural 
vegetation cover in recent years. This decline is 
attributed to a number of factors, including human 
activity, which remains the main cause of vegetation 
degradation in the Djebel Ouahch region. Between 
1987 and 2014, the area of forest stands burnt 
amounted to 4,323.51 ha, i.e. an average of 160.13 
ha/year (Bouzenzana 2015). Indeed, fire activity 
develops during the dry season when climatic 
factors favour vegetation flammability (Bond et al. 
2003; Sharples et al. 2009). A comparison of remote 
sensing vegetation regression data and forest fire 
assessments reveals that the period 2002–09 is the 
most affected by fires, with an average burnt area of 
340.21 ha/year (Bouzenzana 2015). Climatic factors 
such as temperature, air humidity, insolation, 
precipitation and wind speed have a  strong 
influence on the ignition capacity of vegetation and 
the spread of fires. However it should be noted that 
these conditions are supported by the water content 
of the soil and the state of the vegetation. Thus, high 

temperatures, strong winds and a  lack of water in 
the vegetation are highly conducive to fires breaking 
out and spreading.

Similarly, topography, with its slope and altitude, 
is capable of amplifying the extent of fires. These 
results are identical to those obtained by several 
authors who have incorporated the parameters 
studied into models for determining the risk of 
wildfire (Valea 2005; Carrega et al. 2007; Guettouche 
et al. 2011). It is important to note, however, that 
none of these parameters is sufficient on its own to 
influence the spread of fire. It takes a  combination 
and complementarity of effects, and above all 
a  trigger, generally of human origin, for the fire to 
be ignited (Hann and Bunnell 2001; Hardy et al. 
2001).

On the other hand, the expansion of agricultural 
activities, which is not included in our vegetation 
class, has contributed to the reduction of areas 
of natural uncultivated vegetation. Indeed, land 
converted to agriculture is classified as bare land in 
this study, which would partly explain the observed 
decrease in NDVI between 2004 and 2023, a period 
during which interest in agriculture is likely to 
have increased in the region. Thus, the moderate 
decline in natural vegetation cover is potentially the 
result of a  combination of environmental (climatic 
disturbances) and anthropogenic (agricultural 
expansion) factors, highlighting the pressures 
exerted on the natural ecosystems of the study area 
over recent decades (Kefifa and Benabdeli 2014).

The mapping of built-up areas is a  key element 
in urban growth, development and expansion. 
Human population growth leads to increased 
demand for housing, schools, hospitals, transport, 
etc. The steady growth of urban areas consumes 
nearby cultivated land, resulting in a  reduction in 
agricultural land. Given these dynamics of LULC 
and the detection of land surface changes, scientists 
are committed to working on a series of indicators 
such as BU and NDB to monitor and map built-up 
land (Zhao and Chen 2005; Xu 2008). 

In 1984, a low soil construction index (NDBI) of 
0.01 indicates limited urban development at that time. 
However, by 2004, this index had turned negative, 
reaching –0.06, which suggests an apparent decline 
in built-up areas compared to 1984. This setback 
can be attributed to the efforts made by Algerian 
local authorities to eradicate slums and illegal 
constructions, in accordance with urban planning 
laws aimed at eliminating precarious housing. These 
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Fig. 4. Mean of NDVI, NDBI and BU in 1984, 2004 and 2023

Fig. 5. NDVI map of Djebel Ouahch 1984, 2004 and 2023 in order

Fig. 6. NDBI map of Djebel Ouahch 1984, 2004 and 2023 in order
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Fig. 4. Mean of NDVI, NDBI and BU in 1984, 2004 and 2023

Fig. 7. BU map of Djebel Ouahch 1984, 2004 and 2023 in order

actions highlighted a  strong commitment from 
the authorities towards planned and sustainable 
urbanisation, with the goal of improving citizens' 
living conditions and rebuilding healthier and more 
functional urban spaces.

Th e situation then changed, with an increase 
in the NDBI to –0.03 in 2023, suggesting a  slight 
upturn in urban development compared with 
2004. Th is can be attributed to the rural housing 
programme initiated in 2008, aimed at providing 
people with adequate housing. Nevertheless, the 
2023 value is still lower than that of 1985, because, 
following the allocation of social housing and the 
eradication of illegal buildings, urban development 
has probably stabilised at a  more controlled and 
planned level.

Th e fl uctuations in the NDBI therefore refl ect 
the eff orts being made to eliminate substandard 
housing and provide decent housing solutions, while 
controlling urban sprawl in a more sustainable way 
in the region studied.

Correlation between indices

While positive values indicate agricultural land, 
crops and pasture and are positively correlated 
with green vegetation, NDVI is mainly used for 
vegetation and crop monitoring. It is accurate, 
reliable, simple to calculate and convenient for 
mapping crops and farmland. Vegetation index and 
building indices are the indices most widely applied 
remote sensing techniques in previous research 
works. Th e vegetation indicator NDVI is generally 

used to investigate the correlation of different 
indices, i.e. NDVI-NDBI, LST-NDVI and NDVI-
NDWI. Th erefore, this study focuses on examining 
the correlation between NDVI-NDBI in the Jebel El 
Ouahch region from 1984 to 2023.

Pearson's  correlation coefficient is used to 
measure the strength and direction of this linear 
NDVI-NDBI relationship. A  value close to –1 
indicates a  strong negative correlation, suggesting 
that the increase in NDBI (increased presence of 
built-up areas) is associated with a  decrease in 
NDVI (loss of vegetation cover), and hence the 
assessment of statistical signifi cance.

The overall trend of the scatterplot shows 
a strong negative linear relationship between NDVI 
and NDBI. Th e correlation coeffi  cient (r) shown on 
the graph is –0.989 with a 95% confi dence interval 
ranging from –0.988 to –0.990. Th is value, close 
to –1, indicates a  very strong negative correlation 
between the two indices.

As for the dispersion of the points, there is some 
dispersion of the points around the linear trend 
line. Th is indicates that other factors, in addition 
to the inverse relationship between built-up areas 
and vegetation, may infl uence NDVI and NDBI 
values. NDBI values are mainly between –0.4 and 
0.1, while NDVI values are between approximately 
0.1 and 0.5. Th is indicates a predominance of areas 
with moderate to high vegetation cover (Chuvieco 
et al. 2010) and a relatively low presence of built-up 
areas in 1984 (Fig. 8).

The graph shows a  strong positive linear 
correlation between the two indices. Th e Pearson 
correlation coeffi  cient, r = 0.993 and CI = (0.992, 
0.994) is very close to 1, confi rming the strong 



M. Benoumeldjadj et al.Remote sensing of Land Use and Land Cover changes in semi-arid regions...

Citation: Bulletin of Geography. Physical Geography Series 2025, 29, http://doi.org/10.12775/bgeo-2025-0013128

Fig. 8. Correlation between NDVI and NDBI in 1984, 2004 and 2023

Fig. 9. Built up area from 1984 to 2023
Legend: Red Color: Represents the built-up area, including urban and peri-urban development such as residential, commercial, 

industrial, and infrastructure zones. The increasing intensity and spread of red across the maps from 1984, 2004 and 
2023 visually represent the expansion of human settlement and construction over time
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positive correlation observed (Chaabane et al. 
2022). The narrow confidence interval indicates 
that the estimate of the correlation coefficient is 
very accurate (Fig. 8).

The data points are tightly clustered around 
the plotted regression line, indicating a  strong 
linear relationship. As the NDBI value increases, 
the NDVI value also increases proportionally. The 
correlation coefficient r is 0.997, extremely close to 
1, confirming the very strong positive correlation 
observed graphically. The narrow confidence 
interval (0.996, 0.997) indicates that the estimate 
of the correlation coefficient is very accurate (El-
Hattab et al. 2018).

The distribution of the BU index has shifted 
towards higher values over the years, becoming 
increasingly spread-out and asymmetric towards the 
south-east and north-west. This indicates a marked 
trend towards the expansion of built-up areas 
between 1984 and 2023 (Fig. 9)

Conclusion

The assessment of land use and land cover changes 
in the Djebel Ouahch region from 1984 to 2023 
reveals a  complex dynamic of urbanisation, 
reforestation and agricultural conversion. While 
urban expansion continues, the study also shows 
a  resurgence in forest cover, suggesting success in 
reforestation efforts. However, the conversion of land 
to agriculture, combined with population growth, 
has led to a slight decline in natural vegetation.

The fluctuations in the NDVI and NDBI 
indices reflect the need to balance socio-economic 
development and ecological conservation. To achieve 
this, the study advocates an integrated approach 
including urban planning to limit sprawl, promoting 
sustainable agriculture, establishing ecological 
corridors, enhancing reforestation, and improving 
water and land management. Implementing these 
recommendations through collaborative stakeholder 
engagement will be critical to ensuring sustainable 
development in the Djebel Ouahch region.
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