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Introduction 

Algeria, endowed with rich natural diversity, places great im-
portance on its forests. These are not only considered the green 
lungs of the country, but also play an essential role in maintain-
ing ecological and socioeconomic balance. They constitute the 
first line of defense against scourges such as desertification, while 
providing vital support to agropastoral activities and serving as 
a refuge for biodiversity. However, managing these green spaces 
is complex, requiring both in-depth knowledge of the terrain 
and mastery of constantly evolving spatial data. In this context, 
Geographic Information Systems (GIS) associated with mapping 
prove to be invaluable tools. The Mediterranean forest, despite its 
specific richness, faces numerous challenges, including irregu-
lar rainfall patterns with long periods of summer drought. The 
peri-urban forest of Harouza, located near the city of Tizi Ouzou, 
exemplifies the difficulties encountered by these Mediterranean 
forests. Its strategic location makes it vulnerable to human activi-
ties such as forest exploitation, agropastoralism, and especially 
rapid urbanization. The latter, combined with the effects of cli-
mate change, exacerbates the degradation of this forest, result-
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The peri-urban forest of Harouza, located near the city of Tizi Ouzou in Algeria, is currently facing significant preservation challenges. These wooded 
areas, crucial for the country’s ecological and socioeconomic balance, are experiencing increasing pressures of human and climatic origin. Rapid 
urbanization, forest exploitation, and the consequences of climate change have significantly influenced its ecosystem, leading to visible degradation. 
The repercussions include a noticeable decrease in forest cover, a reduction in biodiversity, and the emergence of degraded areas. To address these 
issues, our study relied on Geographic Information Systems (GIS). These tools allowed for precise mapping of land use in our study area, revealing a 
total area of 201.5 ha. Most of this land is occupied by scrubland, a formation associated with forest degradation, covering 74.9 ha. The actual forest 
covers only 21.4 ha. The presence of 75 wild species, including 20 chamaephytes and 21 therophytes, reflects the disturbances experienced by this 
ecosystem. The use of multi-date images (2006, 2013, and 2022) over a 15-year period reveals a concerning trend of urbanization. Between 2006 and 
2022, the low risk of urbanization decreased from 6.974 to 3.573 km, while the high risk increased from 0.753 to 3.528 km. This analysis of urbaniza-
tion dynamics thus provides a detailed perspective on the most affected and potentially vulnerable areas.
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ing in reduced forest cover, decreased biodiversity, the forma-
tion of degraded areas, and the expansion of urbanized zones. In 
our study area, the lack of dedicated studies on mapping floral 
richness and urbanization is notable. Existing research primar-
ily focuses on the Tizi Ouzou region, addressing issues such as 
wildfires (Sahar, 2008; Meddour Sahar, Derridj, 2010; Chenoune, 
2017; Sahar et al., 2020) and the socioeconomic evaluation of 
rural development projects (Chenoune, 2017). To date, Larbi’s 
(2000) study remains the only one to have examined the map-
ping of the peri-urban forest of Harouza. All these studies have 
explored various aspects of vegetation, but have not explicitly 
proposed a clear methodology for mapping floral richness and 
urbanization risk. Our approach is inspired by European expe-
riences, particularly the Corine Biotope typology (Bissardon et 
al., 1997), as well as Zanndouche’s (2023) study on the use of 
GIS for vegetation mapping and urbanization risks. Given this 
concerning situation, our study aims to utilize GIS to accurately 
map land use in the peri-urban forest of Harouza. We will seek 
to assess the extent of urbanization, current floral richness, and 
the areas most affected by degradation. This change detection 
can only be achieved with the help of remote sensing techniques 
and GIS (Al-Obaidi, Al-Timimi, 2022). The ultimate goal is to 
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provide tangible tools for better management and preservation 
of this forest heritage.

Material and methods

Description of the study area

The peri-urban forest of Harouza, stretching along the slopes 
of Djebel Belloua, covers an area of approximately 200 ha. This 
forest massif exhibits significant altitudinal variation, ranging 
from nearly 70 m along the left bank of the Sebaou River to just 
over 500 m at its western boundary. This ecosystem belongs to 
the thermo-Mediterranean bioclimatic stage. The predominant 
vegetation is characterized by the presence of Quercus suber and 
Olea europaea, accompanied by a diverse understory, as high-
lighted by Quezel and Medail (2003).

The rugged topography of the region is evidenced by slopes 
reaching up to 45% in some areas, creating conditions condu-
cive to potential water erosion, as indicated by Larbi (2000). The 
geographic coordinates of the forest range from 4°3’33.04” to 
4°4’59.62” east longitude and from 36°43’13.54” to 36°44’17.59” 
north latitude. Geographically, the forest of Harouza is bordered 
to the north by the village of Redjaouna, to the south and west 
by the city of Tizi Ouzou, and to the east by the Sebaou River 
(Fig. 1).

Methodology

The methodology applied to mapping land use, floral richness, 
and urbanization in the peri-urban forest of Harouza relies on 
a diachronic approach integrating various data sources, includ-
ing satellite images as well as images from Google Earth such as 

Ikonos, Quickbird, and Pléiades. Concurrently, continuous field 
observations, including phytoecological surveys, are conducted. 
The use of the open-source software QGIS 3.4.9 Madeira facili-
tated the completion of this analysis, allowing for an in-depth 
study of the spatial and temporal dynamics of land use. The re-
sults of this study will help identify the causes and consequences 
of this dynamics on ecosystems, while the thematic maps devel-
oped will play a crucial role in the management and monitoring 
of natural environments, in accordance with the works of Gres-
sin et al. (2014), Nguyen et al. (2021), Khalaf and Al-alaf (2021).

Photo-interpretation, involving the analysis of information 
extracted from aerial photographs or satellite images, occupies 
a central position in this methodology. This technique, widely 
used in fields such as cartography, geology, and forestry, enables 
the precise identification of specific features, map creation, and 
detection of changes over time. In addition, it seamlessly inte-
grates with other forms of remote sensing analysis and GIS, as 
indicated by Bakis and Bonin (2000).

The approach based on field observations proves indispensa-
ble for mapping land use and floral richness, in accordance with 
the work of Cajeri et al. (2012). Following a subjective sampling 
plan, based on the principles of Gounot (1969), 32 surveys were 
conducted in areas exhibiting physiognomic, floristic, and eco-
logical homogeneity, allowing for a detailed analysis of vegetation 
on approximately 400 m² surfaces for each survey. For the identi-
fication and determination of plant species, we used two floristic 
references: the works of Quezel and Santa (1962‒1963) as well as 
those of Dobignard and Chatelain (2010, 2011a,b, 2012, 2013). 
In addition, the digital tool eFlore, developed by Tela Botanica, 
was used in conjunction with fieldwork conducted between 2006 
and 2022, primarily in spring.

In the context of increasing forest management, mapping 
and the use of GIS play a crucial role in providing crucial sup-

Fig. 1. Location map of the study area.
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port for the mastery and interpretation of a variety of spatial in-
formation as well as information on the dynamics of vegetation 
cover (El Zerey, 2014; El Mazi et al., 2017; Zakari et al., 2018; 
N’Guessan et al., 2019).

Results and discussion

The use of GIS enabled us to produce a land use map by over-
laying different digitized layers. Thus, we created a database by 
combining all layers and their attributes.

This database contains all information related to the carto-
graphic units. It includes the survey number, the type of vegeta-
tion formation, its floristic composition, density, as well as data 
such as altitude, exposure, and observations.

The results obtained are represented in the form of carto-
graphic supports identifying the different components of the 
studied area. We distinguished four physiognomic types: forests, 
shrublands, scrublands, and plantations.

The peri-urban forest of Harouza spans a total area of 201.5 
ha. Majority of this area is occupied by maquis with Quercus 
suber and Olea europaea, covering 74.9 ha, which accounts for 
37.13% of the total forest area. Next, there are shrublands with 
O. europaea and Quercus suber, plantations including species 
such as Eucalyptus sp., Acacia sp., and Cupressus sempervirens, 
as well as a natural forest with Quercus suber, covering 43.7, 38.3, 
and 21.4 ha, respectively. These formations occupy a total area 
of 178.3 ha.

Leased lands as well as plots intended for arboriculture and 
gardens cover 8.4 ha, while residential areas, hospital, and a for-
mer nursery occupy 11.15 ha. Firebreak trenches represent only 
3.7 ha (Fig. 2, Table 1).

In terms of floral diversity, we have identified a total of 80 
species in our study area, including five introduced species (Aga-
ve americana L., Gleditsia triacanthos L., Morus alba L., Cupres-
sus sempervirens L., and Opuntia ficus indica (L.) Mill.) belong-
ing to 41 distinct families. As for the native species of the forest, 
they amount to 75, distributed among 39 families. The most 
represented families in terms of species in this ecosystem are, 
in descending order, Asteraceae (nine species), Fabaceae (eight 
species), Lamiaceae (five species), Apiaceae (four species), and 
Poaceae with three species. The other families have only two or 
one species.

Fig. 2. Land use map of the peri-urban forest of Harouza.

Land occupation Surface area (ha)
Cork oak forest
Shrubland with cork oak
Shrubland with olive trees
Maquis with cork oak
Maquis with olive trees
Eucalyptus plantation
Acacia plantation
Cupressus sempervirens plantation
Arboriculture
Leasehold plot
Old garden
Firebreaks
Former nursery
Housing

21.4
30.0
13.7
6.0

68.9
29.4
1.4
7.5
3.0
1.7
3.7
3.7
2.7
0.5

Total 201.5

Table 1. The land use areas of the peri-urban forest of Harouza.
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On examining the distribution of species according to their 
biological types, phanerophytes were found to dominate, repre-
senting 33.3%, closely followed by therophytes and hemicryp-
tophytes with 28 and 26.6%, respectively. In contrast, geophytes 
and chamaephytes account for only 9.3 and 2.6%, respectively.

Overall, phanerophytes in our study area play a significant 
role in shaping the floral composition typical of forest environ-
ments (Lecompte-Barbet, 1975). As for the presence of thero-
phytes, it is directly attributable to the destructive anthropogenic 
activities to which these ecosystems have been subjected. This 
phenomenon reflects the negative impact of wildfires, deforesta-
tion, overgrazing, and especially urbanization on indigenous flo-
ra. Therophytism is considered as an adaptation strategy to unfa-
vorable environmental conditions and as a form of resistance to 
climatic rigors, particularly summer drought in a Mediterranean 
context (Madon, Médail, 1997).

Urbanization has significant negative consequences on bio-
diversity, air and water quality, as well as climate. It is, therefore, 
important to consider the environmental impacts of urbaniza-
tion and to implement measures to protect forest ecosystems 
(Zanndouche, 2023). This could involve establishing protected 
areas, restoring degraded ecosystems, and designing environ-
mentally friendly urban plans. In line with these concerns, the 
Harouza forest is located on the urban periphery, and housing 
growth mainly extends into the sloping marginal areas in its 
southern and western parts. This urbanization is dynamic and 
continues to encroach on spaces in close proximity to the for-
est. In 2006, the risk was low over most of the forest, limited to 
0.753 km, with a high risk only threatening the western part. By 
2013, the low risk decreased in favor of medium and high risks. 

In 2022, the high risk covered practically the entire length of the 
western part of the forest over 3.5 km, while the medium risk 
extended over its entire southern part, covering just over 1 km 
(Fig. 3, Table 2).

The growth of the city of Tizi Ouzou appears to be heading 
toward this forest, thereby compromising natural forest habitats. 
Meanwhile, the village of Redjaouna, located at the top of the 
forest in its northern part, is expanding at the expense of the 
same forest.

The high rate of urbanization risk in the western and south-
western regions is a warning signal for decision-makers, high-
lighting the worsening threat to the forest.

This rapid urbanization over the past decade carries the 
risk of habitat loss, endangering species diversity. In addition, it 
threatens essential ecosystem services, which could have detri-
mental consequences for the communities located downstream. 
The degradation of natural ecosystems can lead to more frequent 
and severe floods, thus jeopardizing the safety and well-being of 
local communities. It is imperative to adopt conservation meas-
ures and sustainable urban planning to prevent these negative 
impacts on the environment and populations.

Conclusion

The influence of human activity within the peri-urban forest of 
Harouza is evident in the disruption of the ecological balance 
of fragile ecosystems. This is reflected in the preference given to 
the expansion of maquis and matorrals at the expense of the for-
est, simultaneously promoting the growth of annual plants over 

Fig. 3. Evolution of urbanization around the peri-urban forest of Harouza.

(Years)                                Risk Low (km) Medium (km) High (km)
     2006
     2013
     2022

6.974
5.261
3.573

0.405
1.140
1.031

0.753
1.731
3.528

Table 2. The evolution of urbanization risk around the peri-urban forest of Harouza.
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slower-growing species. The high rate of therophytes clearly il-
lustrates this disturbance, with potentially severe consequences 
for regional biodiversity.

The high risk of strong urbanization throughout its western 
part is a warning signal for decision-makers, highlighting the 
worsening threat to the forest. The growth of the city of Tizi Ou-
zou appears to be heading toward this forest, thereby compromis-
ing natural forest habitats. It becomes imperative to implement 
conservation and restoration measures to reduce the impact of 
human activities on local flora and fauna. These initiatives could 
include fire prevention, restriction of overgrazing, reduction of 
deforestation, and promotion of natural regeneration of indig-
enous habitats. By adopting such measures, we contribute to pre-
serving the rich biodiversity of these areas, ensuring a sustainable 
legacy for future generations.

Furthermore, to slow down the rampant urbanization threaten-
ing the Harouza forest, it is essential to introduce environmentally 
friendly policies and urban planning. This could involve creating 
protected areas, rehabilitating degraded ecosystems, and imposing 
restrictions on urban development in sensitive areas. By taking such 
measures, we can halt harmful urban expansion and preserve the 
forest, ensuring its longevity in the face of this growing threat.
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