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Abstract 

Current patterns of urban expansion are mostly considered as impulsive, leading to numerous negative consequences for 

our biosphere. This disturbing fact has not gone unnoticed in the sprawling oasis cities of the Algerian Sahara, where palm 

groves are the primary victim. Furthermore, any approach taken to preserve oasis ecosystems requires considering 

ecological variables. In this perspective, the present study seeks to highlight the spatial growth process of the Laghouat 

oasis in southern Algeria, during the period 1986 - 2019. The methodology employed is based on the supervised 

classification of four Landsat satellite images to initiate a cartographic analysis and a landscape quantification of the land 

use evolution. The analysis is focused on two LUC classes: built-up areas and palm groves. The results of the cartographic 

analysis highlighted two completely opposite spatiotemporal trends: a significant growth of built-up areas, against a 

considerable decline in palm groves. The monitoring of the landscape metrics also revealed two different behaviours: growth 

by densification and elongation of the urban fabric, versus progressive morcellation and fragmentation of the palm groves. 

These findings pointed to the negative impact of uncontrolled extensions on both the palm groves and the overall oasis 

ecosystem. This research highlighted the importance of landscape metrics in assessing various forms of spatial urban growth 

and may support urban planners in choosing the optimal solutions for oasis sustainability. 
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1. Introduction 

The unbridled growth of urban centres is currently one of the major facts characterising human 

development (UN-Habitat, 2020). The environmental repercussions have been proven to be negative, continuing 

to adversely affect both local and global ecosystems. The irresponsible expansion of cities significantly 

contributes to the aggravation of environmental issues that increasingly threaten the equilibrium of our 

biosphere: depletion of natural resources, greenhouse gases emissions, climate change, and biodiversity loss (UN 

Environment, 2019). The biodiversity is considered to be the first casualty of the uncontrolled urban growth, a 

phenomenon that is particularly pronounced in developing countries (McDonald et al., 2013). The oases of the 

Algerian Sahara are not exempt from this situation. Urban settlements are continuously encroaching upon these 

sensitive areas, harming the palm groves that constitute the essential biotope of the oasis ecosystem (Kouzmine, 
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2012). The ecological homogeneity that has distinguished these human settlements since their genesis is 

currently threatened by the excessive expansion of built-up areas (Côte, 2012; Jouve & Jouve, 2012). 

Eco-responsible management of oasis resources essentially requires an understanding of the oasis 

urbanisation phenomenon and the transformations it generates (Jia et al., 2004; C. Liu et al., 2021; Y. Liu et al., 

2019). Nevertheless, the scale of these kinds of transformations is not appropriately addressed in urban planning 

documents.  These documents have primarily been developed to quantitatively respond to the demands imposed 

by urbanisation.  As a result, many researchers and practitioners have raised concerns about their effectiveness, 

particularly in terms of controlling the impacts on local environmental potential (Gherbi, 2015; Boumedine, 

2013). 

The application of urban landscape ecology methodologies enables an enhanced comprehension of the 

environmental challenges currently facing vulnerable regions, including oasis areas (Jia et al., 2004; Y. Liu et al., 

2019). Urban landscape ecology is a discipline that emerged from the integration of landscape ecology and urban 

ecology. This association allows for the study of the structures and forms of urban landscapes while also 

facilitating an understanding of the conditions necessary for the flourishing of biodiversity and for the 

equilibrium of ecosystems (Norton et al., 2016; Wu, 2013). Therefore, this discipline provides a conceptual and 

methodological framework for spatial analysis and evaluation of landscape transformations  that impact 

ecological processes and ecosystem stability,  particularly those related to ecological continuity and connectivity 

(Breuste et al., 2008; Mörtberg et al., 2007; Wu, 2013). Uncontrolled urbanisation is widely recognised as one of 

the  primary exogenous factors  disrupting the continuity of ecological processes, by the colonisation of natural 

and semi-natural areas, and the fragmentation of ecological entities and corridors that host and ensure the 

sustainability of biodiversity (Haddad et al., 2015; Theodorou, 2022). 

To understand the impacts of uncontrolled urbanisation on oasis ecosystems, the present study consists 

of an analysis of the spatial evolution of Laghouat oasis in southern Algeria, during the period 1986 - 2019. The 

starting hypothesis posits that an ecological approach can lead to the estimation of landscape transformations 

associated with the city's spatial growth. The methodology requires the creation of diachronic cartography to 

track urban evolution and the quantification of the spatial changes characterising each study stage.  This 

approach is based on the use of satellite images and the application of landscape metrics. The research is 

organised into four distinct sections. The first section addresses the theoretical foundation of the study, while 

the second section explores the subject area and the methods employed. The third section presents and discusses 

the collected data, and the final section summarises our findings and includes the conclusion. 

Diachronic cartography to identify landscape Transformations, the study of spatiotemporal dynamics 

characterising landscapes can be conducted by highlighting the diachronic change in biophysical land use. This 

allows the identification of converted soils and the quantification of their extent (Herold et al., 2002; Lausch et 

al., 2015; Norton et al., 2016; Wilson et al., 2003). This kind of research is practically based on change mapping 

using satellite imagery and Geographic Information Systems GIS (Buyantuyev & Wu, 2007; Lechner et al., 2012; 

Southworth et al., 2002). The level of analysis is that of the urban scale, which covers the whole urban perimeter 

and offers a synoptic view of the phenomenon studied. At this level of analysis, the landscape is perceptible to 

the local community and constitutes a major concern for researchers and actors engaged in spatial planning and 

ecosystemic sustainability (Forman & Forman, 1995; Norton et al., 2016; Turner & Gardner, 2015a). 

From an ecological point of view, understanding the spatial dynamics that characterise territories 

necessitates quantitative approaches developed in landscape ecology (Lausch et al., 2015; Turner & Gardner, 

1991). Regarding urbanised territories, they are characterised by their heterogeneity and the complexity of their 

landscape compositions (Leitão & Ahern, 2002; Young et al., 2009). The use of landscape metrics offers the 

possibility of describing urban landscapes and measuring the changes affecting them over time (Breuste et al., 

2008; Huang et al., 2007). These metrics were developed and applied from the 1980s onwards to describe natural 

landscapes and were later generalised to a variety of study fields (Aguilera et al., 2011; Turner & Gardner, 1991). 

Two aspects can be analysed: landscape composition, which highlights the diversity and abundance of the 
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fragments constituting the landscape; and spatial configuration, which focuses on the shape and spatial 

arrangement of these different fragments. Three scales of analysis can be considered: the fragment scale (patch 

scale), the landscape class scale, and the overall landscape scale (Turner & Gardner, 2015b). These metrics are 

calculated essentially by the classification of satellite images and the use of GIS. Satellite images are employed 

as input support; GIS makes the mapping process, calculating these indices, and visualising the findings 

(McGarigal et al., 2012; O’Neill et al., 1988). 

Numerous studies have demonstrated the utility of landscape metrics in monitoring the sprawl of 

urbanised areas and estimating the associated landscape transformations (Cai et al., 2024; Cyriac & Firoz C., 

2022; Herold et al., 2002; Trinder & Liu, 2020; Wahyudi et al., 2019; Wang et al., 2018). As for oases areas, 

studies using this approach are also numerous. Studies have revealed the detrimental effects of human activity 

on the fragmentation of oases (Amaya et al., 2024; Ming et al., 2008; Xie et al., 2016; Zhang et al., 2010), while 

others have sought to assess spatiotemporal changes affecting oases on a broader scale (Chen et al., 2023; Jia et 

al., 2004; Khebour Allouche et al., 2021; Li et al., 2001; Sun & Zhou, 2016; Xie et al., 2014).  However, analysis 

that based solely on monitoring landscape index behaviour may encounter interpretative limitations, particularly 

in terms of locating areas affected by the change (Cyriac & Firoz C., 2022; García-Pardo et al., 2022; Herold et 

al., 2005; Lausch et al., 2015; Ramachandra et al., 2012). A cartographic analysis could complement this analysis, 

providing a more comprehensive understanding of the landscape under investigation. This study aims to address 

this gap by integrating cartographic and quantitative methods to identify and quantify the changes affecting the 

landscape. In the context of Algerian oases, this combined methodology may offer valuable insights into the 

current state of the land. This research underscores the importance of landscape metrics for eco-responsible 

spatial planning. 

2. Data and Methods 

2.1. Study Area 

The city of Laghouat is situated 420 km south of the capital Algiers, at a Longitude of 2° 56' East, and a 

Latitude of 33° 46' North, with an average altitude of 767 meters. It lies in the southern foothills of the Saharan 

Atlas, a mountain range separating the vast desert from northern Algeria. Laghouat is an ancient oasis and chief 

town of the wilaya (district) that bears its name. The old city is located on the western bank of the Oued M'zi, a 

dry riverbed. It is surrounded to the south by the Oued Messaad mountain, as well as to the west and northwest 

by the Djebel Lahmar mountain, which forms part of the Saharan Atlas' Djebels Ammour mountain range Figure 

1. Laghouat climate is an arid environment with very hot and dry summers and chilly and reasonably mild 

winters. 

 
Source: Authorship from Google satellite Map imagery, 2024 

Figure 1. The study area (Authorship from Google satellite Map imagery) 
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The discovery of large hydrocarbon deposits and the designation of Laghouat city as a chief town of the 

wilaya in 1974 significantly enhanced the city's economic and administrative status. Laghouat has experienced a 

remarkable demographic boom, with its population increasing from nearly 26 000 inhabitants in 1966 to over 

210 000 in 2019, a more than 8-fold increase over half a century. This demographic boom has not been matched 

by adequate urban infrastructure, leading to numerous challenges, particularly in the protection of the palm 

grove and the safeguarding of the unique local oasis landscape. These issues are central to ongoing scientific and 

professional discussions regarding the sustainability of this ancestral oasis (Benarfa et al., 2018; Benkouider et 

al., 2013; Rezzoug, 2013). 

2.2. Data Used  

To initiate the cartographic and landscape analysis, we explored the USGS (United States Geological 

Survey) free archive. Four Landsat satellite images were acquired corresponding to the following dates: 1986 (8 

April, TM5 sensor), 1997 (21 March, TM5 sensor), 2008 (20 April, ETM+ sensor), and 2019 (18 March, OLI-

TIRS sensor). The spatial resolution of these images is of the order of 30 m, with spectral richness covering the 

visible and near-infrared bands. Auxiliary documents are also used as reference maps. These include parcel plans 

from 1986, 1998, 2006, and 2018, and historical images provided by the USGS that correspond to the same 

acquisition dates as the selected images. It is essential to highlight that the spatial resolution of the images 

employed at this level of study, which pertains to the overall macro-form of the oasis, is potentially useful. 

However, for studies at finer scales, such as neighbourhoods, this spatial quality may not be relevant due to the 

“mixel” effect that can distort the quality of the desired thematic maps (Lu & Weng, 2007; Phiri & Morgenroth, 

2017; Wahyudi et al., 2019; Wulder et al., 2012). The free software QGIS (Congedo, 2021) and FRAGSTAT 

(McGarigal et al., 2012) were utilised during this research to perform the classification procedure and calculate 

landscape metrics for each study interval. 

2.3. Methodology 

The monitoring and evaluation of spatiotemporal transformations characterising Laghouat Oasis from 

1986 to 2019 require the creation of thematic maps for the years 1986, 1997, 2008, and 2019. In the first step, 

these maps will undergo a diachronic analysis of the land use evolution, in order to then proceed to the calculation 

and evaluation of landscape metrics for each evolutionary stage. An image classification process is performed 

with the objective to create thematic maps. This procedure was carried out through the following steps: 

2.3.1. Pre-processing and Normalisation of Acquired Images 

This step consists of a geometric correction and radiometric calibration of the raw images to homogenise 

their radiometry and ensure a better superposition of the different scenes collected. The study area is defined and 

extracted using a polygonal cut-out window that encompasses the entire oasis and its surrounding environment. 

The area of interest is situated between longitudes 2°48ʹ50ʺ and 2°53ʹ55ʺ East, and latitudes 33°45ʹ41ʺ and 

33°50ʹ14ʺ North, based on the WGS 84 datum, zone 31 North. A false colour composition was subsequently 

selected Figure 2, utilising the band combinations (4-3-2) for the TM and ETM+ images and (5-4-3) for the 

OLI-TIRS (Congedo, 2021). 

2.3.2. Classification, Enhancement, and Validation of Classification  

This operation consists of generating a thematic map that represents the state of land cover at a specific 

date, by assigning to each pixel its corresponding biophysical land cover (Richards & Jia, 2006). Given our field 

expertise alongside the nature of the reference maps utilised, the supervised classification approach is adopted in 

the present study (Du et al., 2014; Weng, 2007). Four thematic classes have been predefined using the FAO 

nomenclature (FAO, 2016): (1) Urbanised areas (built and developed areas); (2) Palm grove (phoeniculture); (3) 

Bare soil (Unbuilt and uncultivated soils); (4) Peripheral vegetation (of farms outside the urban perimeter). It is 

important to note that this region is crossed by two dry wadis: the Wadi of M'zi to the east, and the Wadi of 

Messaad to the south of the city. These wadis are considered as bare soils. The training areas samples were 
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constructed by digitizing representative polygons of different classes using the “Region Growing” algorithm. 

The supervised classification is performed using the Maximum Likelihood algorithm (Congedo, 2021; Phiri & 

Morgenroth, 2017). Subsequently, a post-classification enhancement is applied to the maps generated by the 

classification to make them homogeneous and comparable. This enhancement involves correcting the confusion 

induced by the classification and the elimination of isolated pixels by applying a thresholding of 3x3 pixels 

(Manandhar et al., 2009). 

The resulting maps undergo an accuracy assessment to ensure they are suitable for analysis. The confusion 

matrix and Kappa index (K) are calculated. These two indicators provide information on the classification quality 

obtained. The classification is statistically accepted when K value is greater than or equal to 0,8. To validate the 

classification, 200 control points were randomly generated on the thematic maps and matched with the reference 

documents (Congalton, 1991). 

2.3.3. Calculation and Monitoring of Landscape Metrics 

Considering that the current study focuses the development of land use classes, the analysis is restricted 

to the class level. To characterise the spatiotemporal dynamics of the Laghouat oasis, six landscape metrics were 

used. These metrics include the Class Area (CA), the Percentage in the Landscape (PLAN), the Number of 

Patches (NP), the Mean patch area (AREA_MN), the Aggregation Index (AI), and the normalised Landscape 

Shape Index (nLSI). The first four indices are compositional metrics, while the last two serve as spatial 

configuration indicators. A detailed description of these indices and their interpretations is provided in Table 1 

(McGarigal et al., 2012; O’Neill et al., 1988). 

Table 1. Description of Selected Metrics  

Metric Description Interpretation 

CA 
(ha) 𝑪𝑨 =  ∑ 𝒂𝒊𝒋  (

𝟏

𝟏𝟎. 𝟎𝟎𝟎
)

𝒏

𝒋=𝟏

 

 
aij: area (m2) of patch ij. 

CA ≥ 1 
CA is a surface indicator of composition. It indicates 
the spatial extent of a class in the landscape. 
Monitoring this index allows to reveal spatial trends 
(growth/decrease). 

PLAND 
(%) 𝑷𝑳𝑨𝑵𝑫 = 𝑷𝒊 =

∑ 𝒂𝒊𝒋
𝒏
𝒋=𝟏

𝑨
 (𝟏𝟎𝟎) 

Pi: proportion of the landscape occupied by the class i. 
aij: area (m2) of patch ij. 
A: total landscape area (m2). 

0 < PLAND ≤ 100 
PLAND is an indicator of dominance in the studied 
landscape. 

NP 
(Units) 

𝑵𝑷 =  𝒏𝑰 
 
ni: number of patches constituting the class i. 

NP ≥ 1 
NI reveals the abundance/rarity of fragments 
belonging to the same landscape class. 
The evolution of NI indicates the growth or decrease 
of the patches constituting the landscape 

AREA_MN 
(ha) 𝑨𝑹𝑬𝑨_𝑴𝑵 =

∑ 𝒙𝒊𝒋
𝒏
𝒋=𝟏

𝒏𝒊
 

xij: total class area (m2) of patch ij. 
ni: Number of patches constituting the class i. 

AREA_MN ≥ 0 
AREA_MN combined with NP indicates the spatial 
trend: growth/decrease, 
densification/disaggregation. 

AI 
(%) 

𝑨𝑰 = [
𝒈𝒊𝒊

𝒎𝒂𝒔→𝒈𝒊𝒊 
] (𝟏𝟎𝟎) 

 
gii: number of like adjacencies between pixels of patch type 
(class) i. 
max-gii: maximum number of like adjacencies between pixels 
of patch type (class) i. 

0 < AI ≤ 100 
A synthetic index indicating the landscape 
configuration: compactness/fragmentation. 
AI increases: compactness of fragments increases, 
and vice versa. 

nLSI 
(Without 

unit) 

𝒏𝑳𝑺𝑰 =
𝒆𝒊 − 𝐦𝐢𝐧 𝒆𝒊

𝐦𝐚𝐱 𝒆𝒊 − 𝐦𝐢𝐧 𝒆𝒊
 

e: total length of the edge of class i. 
min e: minimum total length of the edge of class i. 
max e: maximum total length of the edge of class i. 

0 ≤ nLSI ≤ 100 
nLSI decreases: compactness increases and 
fragments are tending towards aggregation;  
nLSI increases: the studied class is tending towards 
landscape fragmentation. 
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It is important to note that each of these metrics may have limitations in terms of interpretation when 

considered in isolation, without reference to other indices. Correlating these metrics may be necessary for 

meaningful spatial analysis (Feng et al., 2018; McGarigal et al., 2012; O’Neill et al., 1988). 

 
Source: Authorship from Landsat imagery, 2024 

Figure 2. Images used in false colour compositing of Landsat imagery, Combination of bands (4-3-2) for the 

1986, 1997 and 2008 images, and the bands (5-4-3) for the 2019 image 

3. Results and Discussion 

3.1. Validation of the classification 

The supervised classification has resulted in four thematic maps corresponding to the years 1986, 1997, 

2008 and 2019 Figure 3. The accuracy assessment results are shown in Table 2. 

Table 2. Classification Accuracy of the Resulting Thematic Maps 

Type of assessment 1986 1997 2008 2019 

Overall accuracy (%) 94.10 91.38 89.66 92.54 

Accuracy of 'urbanised area' class (%) 95.22 92.51 89.19 92.48 

Accuracy of the 'palm grove' class (%) 91.15 88.62 91.52 90.66 
Kappa index (K) 0.93 0.91 0.89 0.92 

The calculation of the confusion matrix for the four maps obtained has demonstrated a satisfactory level 

of accuracy, both for the overall accuracy (94.10, 91.38, 89.66, 92.48 respectively) and for the accuracy of the 

classes targeted in this study. Notably, the accuracy for the urbanised areas was 95.22, 92.51, 89.19, and 92.48 

respectively, while the accuracy for palm grove was 91.15, 88.62, 91.52, and 90.66 respectively. The Kappa index 
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(K) also indicated an acceptable level of accuracy; with values of 0.93, 0.91, 0.89, and 0.92 for the years 1986, 

1997, 2008, and 2019 respectively. This level of performance has been achieved through post-processing 

enhancements consisting of the correction of some classification confusions between the built-up area class and 

the bare soil class, mostly located outside the urban area. 

3.2. Land Use Evolution Cartography: Two Opposite Trends 

Four thematic maps were generated from the satellite image classification presented above Figure 3. These 

maps illustrate the spatiotemporal land use evolution characterising Laghouat Oasis during the period from 1986 

to 2019. 

 

Figure 3. Spatiotemporal Evolution of Land Use Classes between 1986 and 2019 

The diachronic interpretation of these maps reveals a notable growth of the urban fabric, characterized by 

variations in both form and direction, alongside a consistent reduction in the palm groves area. Several landscape 

forms can be distinguished. The 1986 map shows a balanced landscape between the two spatial components, the 

city, and the palm grove. The latter occupies the eastern part of the oasis and has a relatively compact form. The 

built and agricultural spaces appear to be distinct, with only a few small fragments located within the palm grove, 

in close proximity to the urban fabric. The eastern strip of the palm grove is largely devoid of buildings, 

presenting itself as a homogeneous and continuous spatial entity. This state of spatial compactness has been 

maintained to this date due to the regulations in effect during this period, specifically the 1984 regulation that 

prohibited construction within this green zone. 

During this first period, the urban fabric is situated in close proximity to the palm grove, representing the 

original form of oasis morphology. However, the presence of several urban fragments detached from the central 

city is evident. These fragments constitute the newly urbanized areas, which are typically located to the north 
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of the northern palm grove and to the east of the city, extending from the old fabric along the National Road 

NR° 01. 

The 1997 map illustrates the beginning of sprawl of the urbanized area class. This sprawl is oriented in 

two main directions: north-westward from the city, and south-eastward in continuity with the old urban fabric. 

It is also noticeable that the inner parts of the palm grove have started to be encroached upon by the built-up 

class, affecting both the northern and southern palm groves. This marks the onset of a conversion process of 

agricultural land, initiated by the repeal of the 1984 local regulations designed to protect the palm grove. 

Furthermore, the spatial growth form of the city is increasingly leaning towards morphological fragmentation, 

as evidenced by the emergence of newly built fragments on the outskirts of the city. This fragmentation impacts 

the compactness of the urban macroform, leading to a gradual elongation of the urban perimeter. 

The newly urbanized areas, especially those in the northwest and south of the city, are shown to be 

expanding according to the 2008 map. The new districts of the northwest have recorded dynamics of spatial 

densification due to the realization of the housing and important infrastructure programs launched during this 

same period (the first five-year program 1999 - 2004, and the second program 2005 - 2010). The growth of 

informal residential neighborhoods, which spread particularly in the southern and western peripheral regions, 

has also contributed to the sprawl of the urban class during this third period of evolution. The vegetation has 

continued to lose surface area, particularly along the northern and southern borders of the two palm groves.  

The latest map of 2019 clearly shows a significant expansion of the urban patch, with a larger scale than 

in previous periods. The built-up areas have reached the natural boundaries of the oasis: the “Djebel Lahmar” to 

the northwest and the peripheral farms to the south. Reaching these natural limits has led to the densification 

until saturation of the urban fabric in these parts of the city. A new spatial growth process is also noticed in the 

southern zone, marked by the appearance of new built-up areas that have evolved along the “District Road 

CW230”, extending beyond the territorial limits of Laghouat municipality. Following this urbanization axis has 

imparted a more elongated form to the urban macroform. Conversely, we also notice the disappearance of several 

green fragments in the hearts of the two palm groves. The green urban fabric has clearly become fragmented 

due to the encroachment of built-up areas. 

Overall, the changing cartography illustrated in Figure 3 reveals a clear expansion of urbanized areas 

against a significant decline in the palm grove. The sprawl of the built-up class has followed three main 

directions: northwest reaching the physical limit constituted by the mountain of Djebel Lahmar; southwest along 

the CW230 road axis; and into the palm grove itself. This sprawl has become more pronounced during the last 

period (2008 - 2019), resulting in a more elongated urban macroform. In contrast, a decrease in the land area has 

characterised the palm grove class. The loss of agricultural land began first (between 1986 and 1997) with the 

construction of plots bordering the built-up areas, followed by an axial penetration into the palm grove from the 

old urban fabric. This conversion process of agricultural land continued steadily until urbanisation of the palm 

grove heart and the disappearance of large green plots. 

3.3. Landscape Quantification of Land Use Change 

This part of the analysis seeks to describe the landscape forms characterising the Laghouat oasis over the 

period 1986 - 2019, by monitoring landscape composition indicators (CA, PLAND, NP and AREA_MN), 

followed by synthetic configuration indicators (AI and nLSI). The aim is to measure the surface portion occupied 

by each LUC class on the one hand, and the level of compactness or spatial fragmentation of the studied LUC 

classes on the other  

3.3.1. Landscape Composition Evolution: CA and PLAND. 

The temporal evolutions of land use classes and the corresponding changes in their spatial extent are 

analysed across three interval 1986 - 1997, 1997 – 2008, and 2008 - 2019. The analysis will then focus solely on 

the two classes targeted in the present study (Built-up areas and Palm groves).The results of the evolution of 
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land use class areas are illustrated in Table 3 and Figure 4. Table 3 shows the area quantification of the land use 

classes calculated from the thematic cartography presented in Figure 3. Figure 4 specifically highlights the 

evolution of the two classes targeted in this study: the built-up area and the palm grove. 

Continuous growth has been observed in the built-up area class. The area expanded from 300.33 hectares 

in 1986 to 1647.09 ha in 2019, with intermediate values of 518.67 ha in 1997 and 1002.51 ha in 2008. The surface 

area gains were 218.34 ha from 1987 to 1997, 483.84 ha from 1997 to 2008, and 644.58 ha from 2008 to 2019. 

These gains correspond to annual surface area consumption estimates of +19.85 ha, +43.99 ha, and +58.60 ha 

for the periods 1986 to 1997, 1997 to 2008, and 2008 to 2019, correspondingly. An increasing rate of annual 

evolution is noticed for this class of buildings. In contrast, the palm grove class has been marked by a continuous 

decrease in its surface area. It decreased from 243.81 ha in 1986 to 122.94 ha in 2019, passing through 213.75 ha 

in 1997 and 155.34 ha in 2008. The losses in area for this class are as follows: -30.06 ha during the period (1986 

- 1997), -58.41 ha during the second period (1997 - 2008), and -32.40 ha during the last period (2008 - 2019). 

The rates of annual loss vary across these periods, with recorded annual losses of -2.73 ha/year, -5.31 ha/year 

and -2.95 ha/year for the periods 1986 - 1997, 1997 – 2008, and 2008 - 2019 respectively. The most accelerated 

rate of loss corresponds to the second period between 1997 and 2008, with an estimated annual loss of 5.31 

ha/year. The third class, peripheral vegetation, has recorded the following values: 45.45 ha, 41.76 ha, 15.48 ha, 

and 62.19 ha for the years 1986, 1997, 2008 and 2019, respectively. This green class has recovered in the last 

period (2008 - 2019) after experiencing a decline in the first two study periods. The area of the bare soil class has 

steadily decreased in favour of the other classes, with the following decreasing values: 2932.02 ha in 1986, 

2747.43 ha in 1997, 2347.92 ha in 2008, and 1689.39 ha in 2019. In Figure 4 shows the spatial evolution dynamics 

of the two classes examined in this study: the built-up areas and the palm grove. 

Table 3. Evolution of the Class Areas (CA) between 1986 and 2019 

Land use class 

Class Area (ha) Annual Evolution (ha/year) 

1986 1997 2008 2019 1986 - 1997 1997 - 2008 2008 - 2019 

Built-up area 300.33 518.67 1002.51 1647.09 +19.85 +43.99 +58.60 

Palm grove 243.81 213.75 155.34 122.94 - 2.73 - 5.31 - 2.95 

Peripheral vegetation 45.45 41.76 15.48 62.19 - 0.34 - 2.39 +4.25 

Bare soil 2932.02 2747.43 2347.92 1689.39 -16.78 -36.32 -59,87 

 

Figure 4. Spatiotemporal Evolution of CA and PLAND Indices between 1986 and 2019 

In terms of land area, the proportion occupied by urbanised areas has recorded a remarkable gain. The 

recorded percentages are as follows: 4.55 % in 1986, 7.86 % in 1997, 15.18 % in 2008, and 24.95 % in 2019, i.e., a 

global gain estimated at 448.43 % and a multiplication of surface area exceeding 5 times (5.48) compared to the 
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surface area measured in 1986. Conversely, the palm grove has seen a decline in its surface share, with the 

following decreasing percentages: 3.69 % in 1986, 3.24 % in 1997, 2.35 % in 2008, and 1.86 % in 2019. 

Approximately 49.57 % of the agricultural area disappeared between 1986 and 2019, decreasing from 243.81 ha 

in 1986 to 122.94 ha in 2019. Returning to the thematic cartography, it can be seen that the lost agricultural 

areas are mostly converted into built-up area or have become uncultivated plots suitable to be built on in the 

future. 

3.3.2. NP and AREA_MN Indices 

The spatiotemporal evolution of the last two indicators of oasis landscape composition NP (Number of 

Fragments) and AREA_MN (Mean patch Area) is illustrated in Figure 5. The correlation of these two indices 

reveals the spatial trend characterising each of the two classes studied within the urban perimeter. 

 

Figure 5. Spatiotemporal Evolution of NP and AREA_MN Between 1986 and 2019 

The number of urbanised fragments recorded by NP has exhibited a fluctuating trend: an increase from 

54 to 83 fragments between 1986 and 1997, followed by a steady decline during the subsequent study periods 

(with 50 fragments in 2008 compared to 12 fragments in 2019). Concurrently, the mean size of these built 

fragments (AREA_MN) has shown a consistent increase over the entire study period, but with a less pronounced 

rhythm distinguishing the first period (1986 - 1997). The values obtained are as follows: 5.56 ha in 1986, 6.25 ha 

in 1997, 20.05 ha in 2008, and 77.26 ha in 2019. This growth is characterised by an amplification of the pace, 

which is more pronounced in the last period (2008 - 2019). 

The increase in the number of built-up fragments accompanied by a slight increase in the mean size of 

these fragments means the emergence of new, smaller, and less dense urbanised areas in the peripheral zones 

(new town). Conversely, the decrease of NP during the last two study intervals (1997 - 2008 and 2008 - 2019) 

coupled with a clear increase of the AREA_MN index indicates a merging process of certain urban fragments to 

form larger entities. The new urbanised areas have undergone a process of densification and spatial continuous 

growth to join the neighbouring fragments and to form a cohesive built entity. As for the palm grove class, the 

number of agricultural fragments has increased throughout the entire study period. The number of fragments 

NP rose from 21 in 1986 to a total of 83 in 2019, with intermediate values of 45 in 1997 and 72 in 2008. However, 

the rate of growth for NP has relatively decreased during the last period (2008 - 2019) compared to previous 

periods. Additionally, the mean size of agricultural fragments AREA_MN has continuously declined. The 

measured values are as follows: 11.61 ha, 6.25 ha, 2.16 ha, and 1.48 ha for the years 1986, 1997, 2008, and 2019 

respectively.  

An increase in the NP index accompanied with a decrease in the AREA_MN index over the entire study 

period is noted. This finding indicates that the palm grove class is being decomposed into smaller fragments 

with significant losses in the profile of the built-up class. The pace of this conversion trend in agricultural areas 

began to slow down from 2008. 
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3.3.3. The Spatial Configuration Indices AI and nLSI 

In order to better describe the spatiotemporal dynamics of landscape classes evolution, it is important to 

complete the analysis by monitoring the synthetic configuration indices. The results of the calculation for the AI 

and nLSI indicators are shown in Figure 6; illustrates the varied behaviour of the indices monitored for the two 

classes targeted in this study. For the first class, that of built-up areas, the aggregation index AI exhibited 

relative stagnation during the initial study period, with closely aligned values of 73.57 % in 1986 and 73.74 % in 

1997. However, from the second study period onwards, AI starts to register rising values: 85.48 % in 2008 and 

90.89 % in 2019. Concurrently, the nLSI index of the same class has also recorded stagnation during the first 

period, maintaining a value of 0.26 for the two years 1986 and 1997, and then began to have decrease values for 

the following periods, reaching 0.15 in 2008 and 0.09 in 2019. The stagnation of the compactness indices for the 

built-up area class means that the spatial growth has followed a balanced pattern, characterised by both 

continuous extensions of the existing urban fabric and discontinuous extensions into new peripheral areas, a 

result supported by the increase in the number of fragments outlined above. The rise in AI values, coupled with 

the decrease in nLSI values during the second and final study periods indicates that the compact mode is more 

characteristic. The urban extensions took place either by densification of vacant pockets or by spatial continuity 

with existing areas. From 1997 onwards, the urban fabric began to have more compact forms. 

 

Figure 6. Evolution of Configuration Indices AI and nLSI Between 1986 and 2019 

In contrast to this development, the palm grove class has experienced a steady decrease in its AI index, 

with values of 82.80 %, 76.74 %, 71.42 %, and 66.29 % recorded in the years 1986, 1997, 2008 and 2019 

successively. The nLSI index has also been marked by a constant growth during the same study periods, with 

measured values of 0.17, 0.23, 0.29, and 0.34 in 1986, 1997, 2008 and 2019 respectively. The consistent decrease 

of AI values, coupled with the continuous increase in nLSI index indicates that the vegetation class has 

progressively lost its compactness, leading to more fragmented configurations of the green space. The rise in 

nLSI also means that the shapes of the green fragments tend to have more complex geometric forms, as the edge 

lengths increase. This evolution indicates that the green fragments have been subject to a nibbling process at 

their edges, a consequence of the encroachment of built-up areas. 

The results of the present study align with previous research that applies landscape metrics in oasis 

contexts. The decline in urban vegetation within urban perimeters has also been documented in other Algerian 

cities (Dechaicha & Djamel, 2021; Gherraz et al., 2020; Teqwa Bechaa et al., 2024). In the Arab and North African 

context, the detrimental effects of urbanisation have been corroborated by several studies (Dechaicha et al., 2021; 

Gad, 2015; Khebour Allouche et al., 2021; Riad et al., 2020). Additionally, the landscape fragmentation of oases 

resulting from accelerated urbanisation has been demonstrated in studies conducted on a global scale (Amaya et 

al., 2024; Chen et al., 2023; Liu et al., 2021; Tang et al., 2019; Xue et al., 2022). 

Compared to previous studies, the spatial decline and landscape fragmentation of the palm groves in our 

case study are more pronounced, with a loss of 49.57% of the surface area and an almost 20% increase in landscape 
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fragmentation. This deterioration is attributed to insufficient control over urban development in the vicinity of 

the historic palm grove. 

4. Conclusion 

The goal of the current study was to draw attention to the landscape changes that have characterized the 

growth of Laghouat oasis from 1986 to 2019. Two methods were employed: a cartographic analysis of land use 

change and a quantitative analysis based on the measurement of landscape metrics at each stage of evolution. 

The results of the cartographic analysis have revealed an important sprawl of the urban fabric, against 

progressive retreat of the urban vegetation represented by the palm groves. Three main directions have oriented 

the spatial growth of the urbanised areas: first, from the National Road RN 01 towards the Northwest, reaching 

the physical limits defined by Djebel Lahmar mountain; second, towards the Southeast, along the CW 230 road 

axis, until crossing the territorial boundaries of the city, resulting in a more elongated urban macroform due to 

these extended developments; and third, encroachments into the palm groves, starting with the conversion of 

the border plots to later invade the core areas of the palm groves. The results of the landscape quantification 

have highlighted two distinctly contrasting spatial processes: a significant growth of built-up areas, which 

increased during the last period (2008 - 2019), in contrast to the gradual decline of agricultural areas which were 

more pronounced during the second study period (1997 - 2008).  

The results of the landscape metrics have also shown two distinct spatial trends: a morphological 

compactification trend of urbanised areas versus a continuous process of fragmentation and landscape 

desegregation of agricultural areas. The built-up class has experienced two successive modes of spatial growth: 

an initial period of spatial discontinuous growth, materialised by the appearance of new urbanised areas detached 

from the existing fabric, followed by a period of continuous growth materialised by the densification of new areas 

and the filling of unbuilt gaps. This is reflected in the increase in the average sizes of urban fragments. This 

growth pattern is corroborated by the results of the landscape configuration indices AI and nLSI.  

The urban sprawl is characterised by two growth modes: a relatively disaggregated form, followed by a 

densification process in continuity with the existing neighbourhoods. In contrast, the urban vegetation has 

undergone a reverse process: continuous loss of surface area and compactness. The palm grove has undergone a 

landscape fragmentation process over the course of the research period, due to the uncontrolled growth of built-

up areas. Between 1986 and 2019, the Laghouat landscape underwent a full transformation. It went from a 

relatively balanced form between the urban fabric and the palm grove, to an unbalanced form characterized by 

the predominance of the urbanised areas class over that of green areas. The latter has undergone a twofold spatial 

process: nibbling of the bordering areas which are in close contact with the built-up areas, and the conversion of 

the plots located in the heart of the northern and southern palm groves, which has led to the loss of the original 

form of the oasis. 

The negative ecological impact of urban dynamics on oases has also been highlighted in other studies 

concerned with monitoring oasis spatial dynamics. The extent of this impact is more noticeable in Saharan oases, 

where urban expansion is less controlled. The research conducted has highlighted the value of using landscape 

metrics as a tool to analyse the spatial forms brought about by the expansion of urban areas and assess how these 

forms affect the oasis potential. These measures can be useful tools to aid in optimizing spatial design decisions 

for an oasis sustainability standpoint. 
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