
ISSN 1330-0652
https://doi.org/ 
10.31522/p
CODEN PORREV
UDC 71/72
33 [2025]   1 [69]
1-182
1-6 [2025]

UNIVERSITY  
OF ZAGREB 
FACULTY OF 
ARCHITECTURE
SVEUÈILIŠTE  
U ZAGREBU 
ARHITEKTONSKI 
FAKULTET

33 [2025]   1 [69]
A SCHOLARLY JOURNAL OF ARCHITECTURE AND URBAN PLANNING
ZNANSTVENI ÈASOPIS ZA ARHITEKTURU I URBANIZAM

94-103 Aïcha Chetara
Leila Djaghrouri
Djamila Djaghrouri
Moussadek Benabbas

Urban Densification: Effective Sustainability Solution  
against Urban Sprawl
Original Scientific Paper  
https://doi.org/10.31522/p.33.1(69).7  
UDC 711.4:711.13(652.21)”1986/2019”

https://doi.org/10.31522/p
https://doi.org/10.31522/p


94

Fig. 1 Urban density and built-up area 
evolution



Scientific Paper 	 33[2025]  1[69]  PROSTOR	   95

Aïcha Chetara1, Leila Djaghrouri2, Djamila Djaghrouri3, Moussadek Benabbas4

Urban Densification: Effective Sustainability  
Solution against Urban Sprawl

Batna, Algeria
remote sensing
sustainable development
urban densification
urban sprawl

City densification is typically presented as a strategy to address the 
challenges of urban sprawl and rapid soil degradation. The aim of this 
article is to analyze the morphology of the city of Batna, Algeria, using 
remote sensing and GIS. This approach is part of the prevailing concern 
over urban sprawl, which is viewed as a troubling phenomenon that 
increasingly threatens territorial balance. The rate at which natural and 
agricultural land is being consumed by urban development is accelerat-
ing, leading to a gradual and worrying reduction in natural and agricul-
tural land. In the current context, it has become imperative to implement 
effective strategies to reduce the excessive consumption of bare land. 
Urban densification appears to be one of the most promising solutions 
for countering the phenomena of suburbanization and the degradation 
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of natural soils. This perspective seeks to reduce the irrational use of 
natural and agricultural spaces while ensuring the conservation of 
resources for future generations, aligning with the principles of sus-
tainable development. The results of this research show that urban 
densification, which corresponds to optimizing the use of space in 
urban areas, has the effect of reducing the mineralization of bare soil. 
This reduction is the result of the city building on itself rather than 
extensively. The research highlights the decisive impact of urban densi-
fication as an effective tool in the fight against urban sprawl. However, 
this approach to sustainable development is not sufficient on its own; 
it must be integrated into an overall policy framework for sustainable 
development, combining different mechanisms for action.
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Introduction

 Urbanization is a socio-economic pheno
menon that continues to grow worldwide. 
This growth is mainly due to the increase in 
the number of city dwellers, influenced by mi-
gratory movements, both voluntary and in-
voluntary, and the search for better living 
conditions (Magidi, Ahmed, 2019: 1). How
ever, it has been observed that this rapid ur-
ban growth has sometimes led to uncon-
trolled expansion of urban space. This has 
led to forms of urban development that are 
unsustainable in environmental and econom-
ic terms (Shao et al., 2020: 241). Unsustain-
able urban development has reached such a 
level of concern that it has become a major 
threat to the achievement of the Sustainable 
Development Goals (SDGs) through the uni-
versal phenomenon of urban sprawl. Consid-
ered one of the major human dynamics of our 
time, this process is the subject of much de-
bate in the fields of urban planning, regional 
sciences, ecology, economics, and geogra-
phy. It is a dynamic that represents a major 
challenge in terms of sustainability, leading 
to profound transformations in urban life-
styles. Addressing it requires a multidisci-
plinary approach that involves multiple ana-
lytical perspectives and confronts major sus-
tainability issues (Imbrenda et al., 2022: 23). 
Like many countries around the world, Alge-
ria is faced with the phenomenon of urban 
sprawl, which emerged as a trend after the 
Second World War. Since independence, Al-

gerian towns have undergone massive ur-
banization across the country, leading to the 
emergence of sprawling, fragmented cities. 
The phenomenon is constantly evolving and 
affects all urban areas, including the city of 
Batna, which will be the subject of our case 
study.

In recent decades, Batna has experienced 
more pronounced and significant spatial ex-
pansion (Dridi et al., 2015: 212), with urban 
areas constantly expanding, increasingly im-
pacting urban life, and posing a threat to the 
natural environment. In order to consider ef-
fective and sustainable urban planning for 
the future, it is essential to start with a com-
prehensive understanding of the phenome-
non of urban sprawl.

Today, urban sprawl is an important and top-
ical issue, as urban agglomerations are grow-
ing, expanding and spreading worldwide 
(Sharma et al., 2024: 1-2; Lounis et al., 2024: 
405). This excess of land use and occupation 
resulting from urban sprawl represents a ma-
jor challenge for the sustainable develop-
ment and resilience of cities (Nuissl, Sieden-
top, 2021: 91-92).

The aim of this article is to analyze this phe-
nomenon using morphological indicators 
based on remote sensing and GIS over the 
period 1986-2019, in order to quantify and 
map the spatiotemporal evolution of the ur-
ban sprawl and its impact on the natural envi-
ronment, while examining the role of urban 
densification as a relevant strategic approach 
in the fight against urban sprawl. Remote 
sensing is a method that makes it possible to 
closely monitor spatiotemporal changes in 
urban and natural areas using satellite im-
agery, which offers the possibility of regular-
ly updating the state of land occupation and 
use in the studied areas (Dechaicha, Alkama, 
2020: 44; Chetara, 2023: 122-123).

This remote sensing approach remains a cru-
cial method for monitoring changes in urban-
ization and ensuring effective planning for 
the future of cities as part of sustainable ur-
ban development.

•	 The process of urban sprawl - Today’s cit-
ies, driven by economic and technological 
progress, are expanding and developing re-
markably. This urban growth often results in 
urban sprawl, a growing phenomenon of ur-
banization marked by the outward expansion 
of cities into peripheral and rural areas, mov-
ing away from the city center (Antoni, Yous-
soufi, 2007: 3; Muchelo et al., 2024: 1), often 
to the detriment of agricultural or natural 
lands. This development model is now a clas-
sic and universal concept in geography, ur-
ban planning, and environmental studies (Si-
mard, 2014: 332) and represents a complex 
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process manifested by the city’s expansion 
into the surrounding rural areas. It cannot be 
simply defined as a static phenomenon, as it 
involves a set of constantly evolving dynam-
ics. It is primarily characterized by horizontal 
expansion and significant fragmentation, 
marked by an extensive road network, frag-
mented plots, and low-density construction 
due to new residential, commercial, and in-
dustrial infrastructures built outside the tra-
ditional city limits, resulting in very loose ur-
ban fabrics (Le Néchet, 2015).

Urban sprawl is characterized by the expan-
sion of urbanized areas, the dispersal of 
homes and jobs over greater distances, and 
an increasing reliance on cars for commuting. 
It can lead to land fragmentation, the loss of 
agricultural land and natural spaces, air and 
water pollution, traffic congestion, alteration 
of microclimate, destruction of aesthetics, in-
creasing crime wave, pollution and waste 
management problems (Aniekwe, Igu, 2019: 
15) and other environmental and socio-eco-
nomic issues. According to Aguejdad (2009): 
“Urban sprawl presents a significant chal-
lenge to sustainable development. It acceler-
ates the consumption of land designated for 
farming in peri-urban areas, leads to socio-
spatial segregation, incurs economic costs, 
and notably contributes to environmental 
problems.”

•	 Forms of urban sprawl - Urban sprawl can 
take several forms depending on various arti-
ficial or natural constraints:

−− Concentric sprawl, often described as an 
oil spot pattern, occurs when urban expan-
sion develops around a central core, typically 
featuring the urban center, leading to the 
emergence of secondary centers in the pe-
ripheral areas.

−− Linear urban sprawl is referred to as a 
'glove finger' sprawl when urbanization fol-
lows transport axes, and fragmentation re-
sults in more dispersed urban forms.

−− Dispersed urban sprawl is an extension 
that does not conform to any of the afore-
mentioned types, often due to the terrain's 
relief or a lack of communication networks.

−− Parallel urban sprawl occurs when a new 
city is created adjacent to an existing older 
city, meaning two urban entities are situated 
parallel to each other.

•	 Causes of urban sprawl - This phenome-
non is often the result of factors such as pop-
ulation growth, increased demand for hous-
ing, the availability of inexpensive land on 
the outskirts of cities, and preferences for a 
suburban lifestyle (Table I).

•	 The consequences of urban sprawl - Ur-
ban sprawl can have significant repercus-

sions on land use and land cover, infrastruc-
ture, mobility, the environment, and the qual-
ity of life for residents. Urban planning and 
land management often aim to regulate and 
limit urban sprawl to promote the sustain-
able development of cities through strategies 
of urban densification (Table II).

Urban Densification  
as a Sustainable Urban Planning 
Strategy (Concept and Principles  
of Urban Densification)

•	 The impact of urban densification on urban 
sprawl - Before addressing urban densifica-
tion, which has been a key objective of urban 
policies since the 1970s, it is important to de-
fine the concept of urban density, which has 
recently sparked intense debate among ex-
perts, becoming a current topic with major im-
plications for sustainable urban development, 
environmental preservation, climate challeng-
es, and issues related to urban sprawl.

Goal 11 of the Sustainable Development 
Goals (SDGs), adopted by the United Nations 
in 2015, aims to promote more sustainable 
urbanization. This ambition aims to address 
the ample criticism directed at urban sprawl.

Internally, urban sprawl weakens city centers 
and distances people from their homes and 
workplaces, leading to longer commute 
times, increased social and territorial ine-
qualities, and higher costs for local authori-
ties, particularly in terms of infrastructure 
and services. It also contributes to the satu-
ration of car traffic.

Outside urban areas, sprawl has major envi-
ronmental consequences: it consumes a lot 
of energy, increases greenhouse gas emis-
sions, weakens biodiversity, and leads to ex-
cessive consumption of land and natural re-
sources. This evolution of ideas and concepts 
has had a profound influence on urban devel-
opment approaches. Today, the focus is on 
controlling urban sprawl and seeking more 
sustainable urban forms. In this perspective, 
density has become a central indicator of the 
sustainable city. It is closely linked to the 
model of the compact city, often presented 
as a relevant solution to the excesses of the 
dispersed city (Breuillé et al., 2019: 346).

According to Touati (2015), the term “densi-
ty” has a multidisciplinary meaning. It is of-
ten used vaguely in the fields of urban plan-
ning, urban economics, and geography. Ur-
ban density represents a theoretical ratio 
between a given quantity (such as the num-
ber of inhabitants, jobs, housing units, or 
even floor area in square meters) and the 
space it occupies (in terms of gross or net 
land area).

Table I Factors of urban sprawl

Factors of urban sprawl

- � Population growth affects both urban and rural 
areas. When a city experiences an increase  
in its population, residents tend to migrate to 
peripheral areas in search of more space and 
affordable housing.

- � The development of the automobile plays a 
significant role in promoting urban sprawl, 
enabling residents to live at a distance from their 
workplaces and amenities.

- � Rural exodus is observed in many regions of the 
world, particularly in the poorest areas or those 
undergoing industrial growth, whereby rural 
inhabitants migrate to cities in search of better 
employment opportunities.

- � In wealthy countries, there is an urban exodus 
towards the outskirts, driven by the high cost  
of property in city centers, increased accessibility 
for cars, and the rise of remote work.

- � Land policies and property development often 
promote the construction of new housing on 
cheaper land, primarily on the outskirts of cities, 
thereby contributing to urban sprawl.

Table II Repercussions of urban sprawl

The repercussions of urban sprawl

Environmental 
stakes

- � A reduction in biodiversity 
and the destruction  
of ecosystems due to  
the conversion  
of agricultural land  
into urban areas.

- � Air pollution related to 
vehicles.

- � Artificialization and 
mineralization of soils.

- � The destruction of rural 
landscapes.

Social stakes - � A decline in the quality of 
life for residents, linked to 
the reduction of activities 
and services available  
in the city center.

Economic stakes - � An increasing  
consumption of energy  
and resources, along  
with a rise in greenhouse 
gas emissions.

- � An increase in transporta-
tion costs for residents 
living far from their 
workplace or commercial 
centers.

- � Increased costs for water, 
electricity, road mainte-
nance and waste collection 
due to population 
dispersion.

- � Downtown businesses 
disappear as commercial 
activities move to more 
accessible outlying areas.

- � Increase in the number of 
vacant housing units in 
downtown areas, while 
residents prefer to move to 
the suburbs.
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Urban density is not a monolithic concept but 
rather a composite notion that varies de-
pending on the field of application. Here are 
some categories of density: building density 
or built density, a concept generally used by 
architects and urban planners; population 
density, a term frequently used in geography; 
traffic density; equipment density; activity 
density. The calculation of these densities re-
fers to the chosen density domain, each type 
having its own mathematical formula.

However, in the present research, we refer to 
the field of urban planning, which practically 
pertains to built density, providing informa-
tion on the proportions occupied by con-
structions and their relationship with unde-
veloped areas.

In this context, the principle of densification 
consists of preserving the natural environ-
ment while limiting ecological impact, which 
today constitutes one of the major concerns 
of sustainable urban planning (Robert, 2016). 
It is the result of a public policy aimed at com-
bating urban sprawl and the problem of in-
creasing built-up areas within the boundaries 
of existing cities. The fundamental objective 
is no longer to extend urbanized areas onto 
new land, but to densify already built-up ar-
eas by using available plots or renovating 
some of them (Maréchal, 2015), which is 
what is now called urban recycling.

Urban densification is therefore a process of 
increasing the concentration of population, 
buildings, and economic activities in existing 
urban areas. This process involves several 
perspectives:

•	 Urban perspective - Kaur et al. (2020), 
stress that the concept of urban densification 
has come to the fore as an alternative to the 
phenomenon of urban sprawl, because the 
latter implies rational and intensive consump-
tion of land through vertical densification re-
flected in the construction of taller buildings, a 
reduction in the distance between buildings, 
workplaces, services and public spaces, and 
also optimizing the use of existing urban infra-
structure. The overriding objective is to limit 
the consumption of space while offering a 
high-quality living environment.

•	 Environmental perspective - The environ-
mental dimension consists of directing urban 
densification towards ecological ends. It is 
establishing itself as a virtuous model associ-
ated with sustainable development (AUCAM, 
2015: 1) by limiting the ecological impact 
through preserving natural areas, this way of 
controlling the urban area ecologically in-
volves decreasing dependence on the car by 
encouraging public transport, cycling and 
walking, which considerably reduces green-

house gas emissions. It also aims to reduce 
the harmful consequences of urban heat is-
lands (UHIs) by improving the growth of green 
and permeable areas, and by reintegrating ur-
ban ecology into the urban environment.

•	 Social perspective - Urban densification 
has a crucial social dimension, impacting 
residents’ quality of life, access to services, 
social diversity, and community cohesion. 
Well-planned densification can stimulate 
neighborhood vitality by offering a range of 
accessible amenities and services while pro-
moting sustainable lifestyles.

With regard to the social dimension, Lermoy-
er (2023: 13) indicates that urban densifica-
tion ensures both the concept of social and 
functional mix, the first of which refers to the 
cohabitation of various social groups in a sin-
gle area with a set of functions necessary for 
urban life, namely: various residential, eco-
nomic, political, administrative, mobility and 
leisure facilities and services.

•	 The contribution of remote sensing in de-
tecting changes in urban sprawl - To achieve 
the objectives defined by sustainable urban 
development (SUD), it is now essential to 
mobilize different disciplines and areas of ex-
pertise. These include remote sensing and 
geographic information systems (GIS), which 
play a fundamental role in the planning and 
management of sustainable and resilient cit-
ies (Biłozor et al., 2024: 16).

The advent of remote sensing and GIS tech-
niques has made it possible to collect infor-
mation without physical contact and to ex-
tract relevant information in digital form us-
ing remote measurements. This has enabled 
researchers, planners, resource managers, 
and policymakers to gain a historical per-
spective of the land and detect changes in 
urban land use (Magidi, Ahmed, 2019: 2).

Other contributions of remote sensing and 
GIS in international and local research in-
clude studies on large forest fires, cloud 
tracking for weather forecasting, and moni-
toring urban sprawl using temporal data 
(Sonde et al., 2020; Shao et al., 2020; Ben-
nasr, 2003; Dechaicha, Alkama, 2021; Slima-
ni, Raham, 2023; Bentekhici, Yousfi, 2013). 
These papers have focused on the role of re-
mote sensing and geographic information 
systems (GIS) in the analysis, detection, and 
monitoring of urban expansion, with particu-
lar emphasis on how the results contribute to 
recommendations for future sustainable 
planning.

In this paper, remote sensing is used as an in-
vestigative method to characterize and ana-
lyze spatio-temporal changes in urban sprawl 
in the city of Batna.
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Materials and Methods

•	 Study area - The study was carried out in 
Batna, a city in the northeastern Algeria area 
defined by coordinates between 35° and 36° 
North latitude and 4° and 7° East longitude. 
About 425 km southeast of Algiers, the capi-
tal of Algeria. It is nestled within a valley that 
stretches between two distinct mountain 
ranges: the Tellian Atlas and the Saharan At-
las. This geographical location endows the 
city with a fundamental topographic unique-
ness that significantly influences its climatic 
characteristics and living conditions.

Batna is situated on a specific geographic site 
characterized by a relatively flat basin-like to-
pography in the center, which gradually slopes 
as one moves away from this central point, 
particularly towards the south. This topo-
graphic feature has considerably facilitated its 
spatial expansion, a phenomenon highlighted 
in the study. The area of the wilaya of Batna 
spans 12,038.76 km2, ranking it fifth in the hi-
erarchy of Algerian urban centers (Fig. 2).

The wilaya of Batna is bordered by several 
wilayas. To the north, it is bordered by the 
wilaya of Mila, while to the East; it is adjacent 
to the wilaya of Khenchela. In the West, it 
shares a boundary with the wilaya of M’sila. To 
the south, it is bordered by the wilaya of Bisk-
ra. In the Northwest, it is contiguous with the 
wilaya of Setif, and to the northeast, it shares 
limits with the wilaya of Oum El Bouaghi.

It is worth noting that the city of Batna, lo-
cated in the northeastern part of the wilaya of 
Batna, holds a historically recognized posi-
tion as the capital of the Aures region. This 
city, which simultaneously serves as the ad-
ministrative center of both the wilaya and the 
municipality of Batna, covers a total area of 
11641 hectares. Additionally, its average alti-
tude is 1058 meters above sea level (Fig. 3).

•	 Population density - At the end of 2019 
the population of the wilaya of Batna is esti-
mated at 1,377,000 inhabitants, whereby the 
municipality of Batna with 350,000 inhabit-
ants is by far the most populous. The average 
population density of the province at the end 
of 2019 is 114 inhabitants per km2.

•	 Data collection - In the context of this 
study, two methodologies were combined, 
each providing specific insights into the un-
derstanding of the phenomenon under inves-
tigation (Fig. 4). The first methodological ap-
proach consists of a remote sensing study. 
This approach aims to characterize the spa-
tiotemporal changes of the urban area of 
Batna over a period of 30 years, from 1986 to 
2019. Secondly, a morphological approach 
was employed, using two morphological indi-

Fig. 4 Structure of the study

cators to quantify urban sprawl in the city of 
Batna for the three selected periods.

To achieve the desired results, this process 
was carried out in stages:

−− To achieve the target results, this process 
was completed in stages;

−− Collection of satellite data and images for 
the periods 1986, 2000 and 2019;

−− Classification of satellite images through 
supervised classification;

−− The acquisition of data required by a Geo-
graphic Information System (GIS) for the cal-
culation of the two morphological parame-
ters, namely density and compactness.

•	 Data and Image Preprocessing - The data 
used in this study consist of a series of time-
series images acquired by the Landsat 5 TM 
and Landsat 8 OLI/TIRS sensors. These im-
ages are freely available on the NASA and 
United States Geological Survey (USGS) web-
sites. The images have a spatial resolution of 
30 m for the visible and near-infrared (NIR) 
bands, 120 m for the thermal bands of Land-
sat 5 TM, and 100 m for the thermal bands  
of Landsat 8 OLI/TIRS. The images cover key 
dates between 1986 and 2019, selected ap-
proximately every 15 years to ensure tempo-
ral consistency. These scenes were chosen 
based on the similarity of atmospheric and 
phenological conditions to minimize season-
al variations (Table III).
The remote sensing data were analyzed us-
ing a Geographical Information System (GIS), 
specifically ArcGIS software. This phase of 
image processing is crucial as it facilitates 
the development of Land Use and Land Cover 
(LULC) maps. In the context of this study, the 
main objective of this study is to map and 

Fig. 2 Geographical location of the settlement 
of Batna on the map of Algeria

Fig. 3 Administrative boundaries of the wilaya 
of Batna

Batna
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monitor the evolution of the urban area of 
Batna (Fig. 5).

For this purpose, we used Level 1 Terrain Pre-
cision (L1TP) imagery, which are geometri-
cally corrected and georeferenced to the 
WGS84 datum and projected in the Universal 
Transverse Mercator (UTM) coordinate sys-
tem by the USGS (Soto et al., 2024: 98).

The delimitation of the study area was based 
on the current administrative boundaries, ex-
tracted from a shapefile obtained via DIVA-
GIS, a free software for mapping and geospa-
tial analysis.

Finally, the Landsat images, provided in digi-
tal numbers (DN) corresponding to radiance, 
were radiometrically calibrated. This involves 
the application of a TOA (Top of Atmosphere) 
correction (Slimani, Raham, 2023: 21) as well 
as the use of the DOS1 (Dark Object Subtrac-
tion) model, which reduces the effect of dark 
noise in the image.

•	 Supervised Classification - The supervised 
classification method allows for the creation 
of land cover maps. This approach relies on 
the identification of information classes for 
various types of surfaces, which are then used 
to define the spectral classes representing 
them through the maximum likelihood algo-
rithm (MLA) (Soto et al., 2024: 98), which cal-
culates the probability of a pixel belonging to 
each class in order to determine the digital 
“signature” of each class. Furthermore, the 
analysis of urban evolution at the scale of the 
city of Batna was strengthened through a mor-

phological approach, using morphological in-
dices, particularly urban density (represented 
by the ratio between built and non-built areas) 
and urban compactness, measured using the 
Gravelius index. These calculations were car-
ried out after acquiring the necessary data for 
their evaluation. These indices mainly allow 
for measuring the urban patch and under-
standing its spatial configuration.
The morphological shape indices can be cal-
culated using mathematical formulas. In the 
two equations of these two indices, (S) repre-
sents the surface area of the shape, (A) repre-
sents the built-up area, and (P) denotes the 
perimeter. The data necessary to calculate 
these two indices are obtained using geo-
graphic information systems (GIS).
These two methodological approaches allow 
for a better understanding of the evolution of 
the urban sprawl of Batna. It allows for the 
quantification and analysis of spatiotemporal 
variations within the city, thus providing es-
sential information for urban planning and 
management.

Results and Discussion

•	 Study of changes in LULC 1986-2019 - 
The evolution of urban land use was select- 
ed as a determining factor to study the phe-
nomenon of urban sprawl. A supervised clas-
sification method, involving the Maximum 
Likelihood algorithm (specified in the “Su-
pervised Classification” section), was imple-
mented using the ArcGIS platform to analyze 
the spatiotemporal evolution of land use. In 
the context of the classification, three dis-
tinct categories of land use were identified 
(Table IV):

−− Urban Area: Shown by white areas, signify-
ing built-up areas.

−− Bare land: Brown areas indicate unbuilt 
land.

−− Vegetation: Found in green areas.

The built-up area has increased according to 
the Fig. 1. With an increase of +273.61 ha, it 
went from 2212.11 ha in 1986 to 2485.71 ha in 
2000; between 2000 and 2019, it also in-
creased by +1429.83 ha. However, the cate-
gory of bare soils has decreased in area, esti-
mated at -1111.77 ha between 1986 and 2000, 

Fig. 5 The land use mapping process

Table III Acquisition dates and characteristics of image data used

Satellite Acquisition dates Time Number of bands Resolution Cloud- cover Azmuth Sun elevation WRS/Path

Landsat
5 TM

15/07/1986 09 :30 :05 7 30 m 0.00 108.96 58.77 193

12/07/2000 09 :50 :28 7 30 m 0.00 112.36 61.70 194

Landsat 8 OLI/TIRS 17/07/2019 10 :13 :27 11 30 m 0.00 121.05 65.44 194
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and at -793.21 ha between 2000 and 2019. 
The other classes convert the lost part. Veg-
etation thus recorded a projected surface 
gain of +838.26 ha between 1986 and 2000 
and a loss of -631.62 ha between 2000 and 
2019; the land use/land cover maps for the 
years 1986, 2000, and 2019 are presented on 
Fig. 6. Allow the observation of changes in 
the different categories of land use and land 
cover (LULC) over time (Fig. 6).

The data presented in Fig. 1 and the maps in 
Fig. 6 suggest that the period from 1986 to 
2000 was marked by rampant urbanization 
and the spread of illegal housing, reflecting a 
chaotic expansion in all directions. The sig-
nificant migratory influx observed in the city 
during the so-called “dark decade” in Algeria, 
combined with the concentration of econom-
ic and industrial sectors, contributed to the 
exacerbation of this situation.
The rapid increase in population led to a rise 
in demand for land for housing construction, 
to the detriment of agricultural and forest 
lands. This dynamic has favored uncontrolled 
and unregulated urban growth. Despite the 
urban planning policies in place, the city of 
Batna experienced unregulated urban expan-
sion between 2000 and 2019.The urban ex-
pansion of the city, which mainly occurred 
along the main roadways, has led to continu-
ous development of built-up areas along 
these routes. Unregulated urbanization has 
caused irreversible consequences on the 
natural environment, leading to its degrada-
tion and the conversion of fertile agricultural 
lands into urban areas. This transformation 
has rendered the soils impermeable and min-
eralized by concrete and asphalt. As a result, 
the air and surface have experienced an in-
crease in their temperature (Chetara, 2023: 
172-173), leading to a worsening of atmos-
pheric and surface pollution.

The findings of this research highlight the 
widespread and sparse character of the city 

of Batna, making it potentially vulnerable to 
the impacts of climate change. These chang-
es can lead to an alteration of its local cli-
mate, which results in fluctuations in energy 
and thermal balance.

•	 Urban density calculation - Urban density 
is an indicator used to evaluate the evolution 
of the built-up area in Batna and its densifica-
tion. In percentage terms, this is the relation-
ship between built area (P) and total city area 
(A): P/A. This indicator shows the degree of 
urbanization as well as the percentage of 
land used for construction. The analysis of 
this indicator makes it possible to under-
stand the spatial evolution of Batna over 
time, thus highlighting development trends 
and the effectiveness of urban planning strat-
egies (Fig. 1). The data shown in Fig. 1 above 
reveals a clear trend towards growth of built-
up area, leading to a significant increase in 
the urbanization rate of the city of Batna. 
There is also an increase in the percentage of 
built-up areas, which reflects a high depen-
dence on agricultural and natural resources.

•	 Urban compactness - Urban compactness 
was quantified using the morphological in-
dex of Gravelius (Maignant, 2005), an index 
used to evaluate a city’s structural configura-
tion (Honvo, Dossou-Yovo, 2021: 6). It also 
measures the degree of fragmentation or 
compactness of the urban fabric. The index 
reaches high values when fragmentation is 
pronounced. To calculate this, the perimeter 
“P” and area “S” of the built area must be 

Fig. 6 Spatiotemporal evolution  
of the city of Batna for the years 1986, 2000, 
and 2019 (Urban area in white)

Table IV Changes in the land cover in the city of Batna, between 1986 and 2019

Land use class Area (Ha) Change (Ha) (+/-)

1986 2000 2019 1986 to 2000 2000 to 2019

Urban area 2212.11 2485.71 3915.54 +273.61 +1429.83

Bare land 7083.18 5971.41 5178.42 -1111.77 -793.21

Vegetation 2418.30 3256.47 2624.85 +838.26 -631.62

Table V Gravelius index

Year 1986 2000 2019

Built area (km2) 22.1211 24.8571 39.1554

Perimeter (km) 73.737 82.857 130.518

Gravelius index 4.423 4.689 5.885
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Conclusion
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known (Saouli et al., 2020: 827). The data re-
quired for this calculation are extracted from 
satellite images combined with geographic 
information systems (GIS) for the period cov-
ering 1986-2019 the entire territory, is formu-
lated as follows:

Where:
−− K is the Gravelius index,
−− P is the perimeter of the built-up area,
−− S is the area of the built-up zone.

The data are presented in Table V.
The analysis of the data in Fig. 1 reveals a sig-
nificant expansion of the city of Batna over 
the past decades. This trend is illustrated by 
a notable increase in the compactness index, 
which stands at over 1, indicating a sprawling 
urban form. Indeed, in 1986, the compact-
ness index was 4.42, suggesting a relatively 
low urban compactness compared to today. 
However, it should be noted that this value 
showed an upward trend, reaching 4.68 in 
2000 and 5.88 in 2019, respectively. This evo-
lution suggests an increasingly significant 
expansion of the city of Batna over time.
The compactness index highlights a built ur-
ban expansion in Batna that has been charac-
terized by spatial dispersion in all directions. 
The trend can be interpreted as a reflection of 
poor urban planning, characterized by the ab-
sence of a coherent spatial development strat-
egy. This situation is due to a shortage of land 
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loose and discontinuous fabric (Fig. 7).
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