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Abstract

The Land Change Modeler (LCM) is crucial for understanding and shaping the future of agriculture in Algeria's
Saharan regions. The study used satellite data from 2000, 2010, and 2020 and predicted agricultural growth up to 2030
using the Land Change Modler (LCM) based on the Logistic Regression Model (LRM). Results showed rapid
agricultural growth in Menia, with an annual rate of 3.05% between 2000 and 2020. This growth is projected to
moderate to 1.85% between 2020 and 2030, indicating a shift in the growth trajectory. This growth contributes to
sustainability and food security in the region.

Keywords: Food security. Land use and cover change (LUCC). Remote sensing. Saharan regions. North Africa.

Resumen

Este estudio utilizé tres conjuntos de datos de satélite (2000, 2010 y 2020) clasificados empleando la (CLM). Mediante
la integracidn de cuatro factores influyentes en la agricultura, se predijo el crecimiento agricola hasta 2030 utilizando el
Land Change Modeler (LCM) basado en el Modelo de Regresion Logistica (LRM). Los resultados muestran un rapido
crecimiento agricola en Ménia, con una tasa anual del 3,05% entre 2000 y 2020, que se prevé ser del 1,85% entre 2020
y 2030. Este crecimiento indica la rehabilitacion de 11,88 kmz2 de tierras baldias, contribuyendo a la sostenibilidad y la
seguridad alimentaria en esta region critica.

Palabras-clave: Seguridad alimentaria. Cambios en el uso de la tierra y en la cobertura del suelo. Teledeteccion.
Regiones saharianas. Norte de Africa.
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Introduction

Desert regions are fragile and often marginalized ecosystems, subject to extreme
environmental conditions such as scarce precipitation and high temperatures (EL-BELTAGY and
MADKOUR, 2012; WALE and DEJENIE, 2013). Despite these challenges, they play a crucial role
in global food security and biodiversity preservation (NOY-MEIR, 1973; GAUR et al., 2018).

In Algeria, the Saharan ecosystem has long been sustained through a delicate harmony
between human activities and the extreme environment surrounding them (KOOHAFKAN and
ALTIERI, 2011; HAFIDA, 2017). This harmony stems from ancestral human practices, such as
traditional ganat irrigation systems and terraced farming techniques, that ensure the sustainability
and regeneration of natural resources, primarily through careful water management. However, these
territories have undergone profound transformations in recent decades (MULDER and
COPPOLILLO, 2005; CHOUAIB and BASER, 2022), with the adoption of new practices often
foreign to the traditional way of life of Saharan populations (DARKO et al., 2020; LAL, 2024).
This evolution has led to tensions between the imperatives of economic development and
environmental preservation, thus exacerbating pressures on the fragile balance of desert ecosystems
(BARRETT et al., 2022; ABEGUNDE et al., 2019).

Nevertheless, it is crucial to recognize that these vast desert expanses present untapped
potential in terms of food security and economic development for Algeria. For instance, the
utilization of innovative drip irrigation technologies can significantly enhance agricultural
productivity in arid environments (ABDELHEDI and ZOUARI, 2020; KAOUTHER, 2024).
Understanding the dynamics of these changes is essential for developing sustainable and resilient
land management strategies that allow for the reconciliation of national food security, natural
resource preservation, and local populations' well-being in Algeria's desert regions and beyond
(KHADER et al., 2020 and KHADER et al., 2022). The growth of intensive agriculture over vast
areas significantly contributes to the local economy by generating employment and reducing
unemployment, a chronic issue in this region devoid of other forms of economic activity
(MENERINK and ROZA, 2007).

To explore this issue, we meticulously analyze current trends in land use and agricultural
activity, identifying key influencing factors such as climatic conditions, water availability, soil
characteristics, and human interventions, including climatic conditions such as precipitation,
maximum, minimum, and average temperatures, as well as water resources (WANG et al., 2009),
particularly groundwater.

We also consider edaphic factors such as lithology and soil moisture, expressed by the
Topographic Moisture Index. Using the Land Change Modeler (LCM), we develop a prospective
scenario based on Markov chains to predict agricultural dynamics in the ElI Menia region until 2030.
Model validation is done using the Area Under Curve (AUC), also known as the Receiver
Operating Characteristic (ROC).

The objective of this study is to prospectively model the agricultural expansion and land use
dynamics in the Saharan region of El Menia, southern Algeria. This region is particularly unique
due to its extremely limited resources and harsh environmental conditions, which makes
agricultural development in it highly challenging yet increasingly attractive. In recent years, we
have observed significant expansion of agricultural areas in this region. Therefore, the goal of this
study is to forecast the future evolution of these agricultural areas through modeling, in order to
provide insights for sustainable land management in this fragile and resource-scarce environment.

Material and methods
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1. Study area

El Menia's Department, also known locally as El Goléa, is located in southern Algeria. This
lovely oasis was built along the banks of the Oued Seggeur. The region has an average altitude of
396 meters and is bordered to the west by the immense Grand Erg Occidental and to the east by the
Tademait plateau. Its geographical coordinates are 30.57° N, 2.87° E. ElI Menia is located roughly
900 kilometers south of Algiers and serves as an important transit hub for tourists moving towards
the Saharan south and Niger (Figure 1). Neighboring oases include In Salah (400 kilometers to the
south), Ghardaia (270 kilometers to the northeast), Timimoune (360 kilometers to the southwest),
and Ouargla (410 kilometers to the east).

In 2018, the population of the region was 78691 individuals, with a density of barely 1.24
inhabitants/km? (ONS, 2008), covering a total area of 62215 km?. According to the National Spatial
Planning Scheme for 2030 (SNAT), El Menia holds tremendous potential in the agricultural, water,
energy (AMROUNE et al., 2023), and oil sectors. Geologically, it belongs to the Saharan platform
and is characterized by a Precambrian bedrock and sedimentary overlay structured into multiple
basins separated by high zones (BENYOUCEF et al., 2023). Climatically, the region suffers from a
chronic water deficit and severe temperature changes, with annual temperatures ranging between 13
and 40°C. Despite a relatively low local demographic compared to the Department of Ghardaia, the
region faces constant growth, demanding suitable planning.
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Figure 1 - Location map of the Menia region.
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2. Methodology

2.1. Identification of change factors

In order to get a deeper comprehension of the territorial and agricultural dynamics in the El
Menia region, we have commenced a participatory approach that entails conducting meetings with
domain experts and local stakeholders. The objective of these discussions is to identify and
characterize the key elements that have a significant impact on the region. This technique was
preferred because the key parameters were not well delineated in academic literature. Domain
specialists, with extensive knowledge of the topic, participated in multiple sessions with local
stakeholders in El Menia. The primary goals of this participatory process were to determine the
reasons that have influenced changes in land use and landscape structures from 2000 to 2020,
establish the many dimensions at which these factors manifest (such as farm, production basin,
municipality, region, etc.), and predict future trends. This strategy, which involved active
participation and careful analysis, addressed the shortcomings in scientific literature by offering a
comprehensive and contextual comprehension of the territorial and agricultural dynamics in the El
Menia region.

2.2. Inventory of change factors and validation

In order to effectively predict the future of agriculture in dry environments, particularly in the
Saharan region where the Menia zone is located, we encountered a distinct obstacle: the absence of
prior research pertaining to our study area that may assist us in determining the appropriate
variables for agricultural development. As a result, we relied on the knowledge and experience of
experts in the field, who identified crucial parameters based on their extensive understanding of
agricultural dynamics in these challenging conditions. The specialists highlighted the critical role of
specific natural elements, such as lithology (ABDELRAHMAN and ARAFAT, 2020; NWER et al.,
2020), climatic parameters (HAMDY et al., 2022; NAIMA et al., 2022), topography, and
hydrogeology (CHARIKH et al.,, 2022; HAMDY et al., 2022), in the region's agricultural
advancement.

2.3. Lithology

According to lithological data, the prevalence of lacustrine limestone and sand in Algeria's El
Menia region is significant for agriculture, particularly intensive horticulture. The soil qualities
mentioned have a significant impact on the region's agricultural feasibility, as they affect soil
texture, water retention, and fertility. It is important to mention that the agriculturally acceptable
zones are primarily found in the Hamada areas, which lack sandy accumulations, in contrast to the
widespread sand dunes that dominate much of the territory. As a result, the lithology map (ANRH,
2013) provides useful insights into possible agricultural sites, emphasizing the need to address them
in order to promote ideal conditions for crop growth and ensure sustainable agriculture in the
region.

2.4. Climatic parameters

Agricultural planning, especially under harsh conditions, must account for climatic
unpredictability. Using climate models to identify suitable irrigation systems is vital, as in this
drought-prone location, implementing irrigation practices is necessary for cultivating any crop.
Furthermore, extreme weather events such as droughts, floods, and storms can destroy crops and
result in significant losses for farmers, increasing the risks associated with agricultural output. For
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this reason, we selected the following climatic parameters provided by the World Climate 2.1
database (FICK and HIIMANS, 2017): precipitation, average temperatures, maximum
temperatures, and minimum temperatures.

2.5. Topography

Topography is a significant aspect of agricultural management, particularly in arid locations
where water conservation is paramount. The Global Digital Elevation (GDEM 003) delivers
extensive insights into the topography, providing vital data for locating appropriate agricultural
regions. By appreciating these topographical changes, it becomes possible to build irrigation
systems that are both efficient and economical. The specified parameters to represent the
topographical component include altitude and slope.

2.6. Hydrogeology

Hydrogeological studies play a key role in maintaining sustainable and productive agriculture
in El Menia, a region experiencing harsh climatic and geological problems. Such a study is critical
for agricultural planning and development, particularly in dry and semi-arid countries where water
is a scarce and vital resource. The Albian aquifer, largely located in Algeria and expanding into
Libya and Tunisia, represents a subterranean reservoir developed roughly 100 million years ago.
This aquifer (TAWADROS, 2011), which contains over 50,000 billion cubic meters of water, is
critical for meeting the long-term water needs of the EI Menia region (ODEH, 1973). Therefore,
educated and sustainable management of this aquifer is vital for the future management of water
resources in this area. The integration of the hydrogeological element is highly recommended if we
want to model the evolution of agriculture in the EI Menia region.

2.7. Land use mapping

This study aims to prospectively model agricultural expansion in ElI Menia and quantify its
progress over time. Initially, the procedure began with the classification of Landsat satellite imaging
data. We employed the Maximum Likelihood Classification (MLC) technique (OTUKEI and
BLASCHKE, 2010), leveraging preset training areas to assure accuracy. For the analysis, land use
maps for the years 2000, 2010, and 2020 were employed. In total, 120 samples were randomly
distributed around the study area for each map. A substantial amount, 70%, or 84 samples, was
meant for the classification process, while the remaining 30%, corresponding to 36 samples, were
reserved for validation reasons. This thorough sampling technique resulted in the construction of
three unique Land Use and Land Cover (LULC) maps, finding five key categories: urban areas,
aquatic bodies, bare land, agricultural fields, and sand dunes. The validity of the categorization was
verified by an error matrix and the Kappa index.

2.8. Modeling agricultural growth factors with the Land Change Modeler

Using precisely labeled LULC maps, the predictive analysis focused on EI Menia's
agricultural growth using the Land Change Modeler (LCM) built into the TerrSet program. This
model is known for being very good at finding and predicting changes (BENKHELIF et al., 2024).
It operates on a comparison basis, necessitating two distinct temporal LULC maps to determine
patterns of change. The maps of 2000 and 2010 were studied to project future changes, with the
2020 map serving as a reference to validate the model's predictions. The model's focus was
primarily on transitions within the agricultural land category, ranging from bare ground, urban
areas, aquatic bodies, and sand dunes to cultivated land.
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2.9. Integration of agricultural growth factors into the LCM

Factors influencing agricultural growth were included to further strengthen our forecast
model. These factors were transformed into raster format with a 30 m resolution to homogenize
with the Landsat resolution, and a detailed analysis was performed using the Distance function of
the TerrSet software. The Logistic Regression Model (LRM) was then applied to simulate probable
transitions to agricultural land (ISLAM et al., 2023). The LRM uses independent variables (factors
influencing agricultural expansion) and a dependent variable (showing the shift to agricultural
land). This model operates on a binary logic, where ‘0" signifies no change and '1' reflects a transfer
to agricultural land between 2000 and 2010.

2.10. Validation and analysis of predictive accuracy

After making four maps of possible transitions, ROC curve analysis was used to compare how
well the models predicted they would work with what actually happened. This stage was critical to
assessing the model's capacity to accurately estimate areas of agricultural expansion. The ultimate
test of the model's efficacy involves a comparative examination between the predicted 2020 LULC
map and the actual 2020 map, with a specific focus on the agricultural class. This comparison
extended to assessing the expected changes' quantity and spatial accuracy. The TerrSet software's
"Cross Tab" function allowed for a detailed review of the predictions, detecting accurately
anticipated changes, unaltered areas, false positives, and misses. The cumulative error, comprising
inconsistencies in the number and location of projected changes, was used to assess the overall
validity of the model (PONTIUS and SCHNEIDER, 2001; FAN et al., 2006). A low margin of error
would demonstrate the model's trustworthiness in anticipating and estimating EI Menia's future
agricultural expansion, thereby meeting the initial aims of the study.

Results and discussion

This piece of the study attempts to present the results derived from the approach outlined in
the preceding part, as well as the statistics used to measure changes in land use over a ten-year
period. Next, we will evaluate a forward-looking map of land-occupation changes in the Menia area
until 2030, produced by the LCM model. This will provide a visual representation of potential
future land use patterns based on the model's predictions. Finally, we will discuss the implications
of these findings for sustainable agricultural development in the region.

1. Validation of historical land use maps

The lowest precision value of 0.90 for the year 2000 map is attributed to a slight discrepancy
between the urban class and the hamada class. Conversely, in 2010, the thematic groups showed a
better division, but there is still some confusion between the bare (hamada) and urban classes. This
gives a respectable Kappa index of 0.92. Finally, the ranking for 2020 is even more precise, with a
Kappa value greater than 0.93. Despite these minor confusions, these classifications are exceptional
and play a crucial role in accurately estimating the evolution of job changes in the field considered.

The confusion between bare soils and urban areas in remote sensing of arid lands arises due to
their similar spectral characteristics, making it challenging to differentiate them accurately. Several
studies have addressed this issue and suggested solutions to improve the discrimination between
these land cover types. Using spectral indices like the Dry Bare-Soil Index (DBSI) and the
Normalized Difference Tillage Index (NDTI), for instance, has shown promise in telling the
difference between bare lands and built-up areas in dry and semi-dry environments (ZHANG et al.,
2015; RASUL et al., 2018).
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2. The evolution of land use classes in Menia between 2000 and 2020

Between the years 2000 and 2020, we can observe distinct phases in the evolution of
agricultural land use, as shown in the (Table 1). The initial phase, spanning from 2000 to 2010, was
characterized by a significant downturn in agricultural activities. This period witnessed a substantial
reduction in agricultural land area, diminishing from 3069.69 hectares in 2000 to a mere 2987.12
hectares by 2010, representing a notable decline of 2.69%. The primary factors contributing to this
decrease were the prevailing traditional agricultural methods that heavily relied on the personal
investments of local farmers and the exorbitant expenses linked to direct groundwater extraction,
rendering intensive agricultural practices economically unsustainable (Figure 2).

Table 1 - Areas of land change in Menia between 2000 and 2020

Legend | Urban | Waters | Hamada Agriculture | Sand dunes

2000 2161.73 | 3050.13 | 750039.36 | 3069.69 312869.71

2010 2541.60 | 1136.31 | 639290.22 | 2987.12 425235.37

2020 2976.46 | 1311.40 | 594327.22 | 4922.73 467652.81
Area (ha) Area (ha) Area (ha)
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Figure 2 - Evolution of land use classes in Menia between 2000 and 2020.
On the other hand, starting in 2010, a new evolutionary phase is under way, highlighted by

tremendous development in agricultural areas. In 2020, they reached 4922.73 hectares, an increase
of 164.80% compared to 2010. This trend reversal is a result of extensive land exploitation by local
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investors, supported by state funding under the National Program for Agricultural and Rural
Development (CHAIB and BAROUDI, 2014) (Figure 3).

126 0 12 24 36 48
B Urban B Waters Hamada I Agriculture Sand dunes o™ e ™ s ™ e = {3 A

D E

Figure 3 - Land use of the Menia region in (A: 2000, B: 2010 and C: 2020).
Menia region agriculture class in (D: 2000, E: 2010 and F: 2020).

This change was motivated by widespread agricultural development by local investors,
supported by public financing through the various agricultural and rural development projects
(DJEFLAT, 2020). initiated in 2010, they underscore the government's initiatives to enhance
agriculture in vast arid regions (OUILI and ZENNIR, 2022). In addition to the expansion of
agricultural areas, the increased investment in irrigation infrastructure played a crucial role in
boosting crop yields and diversifying agricultural production (OULMANE and BENMEHALA,
2019). The introduction of modern farming techniques and the adoption of drought-resistant crop
varieties further contributed to the sector's growth and resilience in the face of climatic challenges
(FOUFOU, 2022). As a result, the region saw a significant improvement in food security and
economic stability, benefiting both local communities and the broader economy.

3. Menia region's land use map by 2030

Building forward-looking scenarios involves engaging stakeholders to raise awareness about
potential future developments and their impact on landscape changes (RICHTER et al., 2023). This
approach emphasizes inclusivity, trustworthiness, and transparency, highlighting the need for a
comprehensive strategy to navigate potential hazards and changes effectively. Decision-makers
must consider the different features of natural settings, including economic, social, and
environmental ambitions beyond the agricultural sector (CRONAN et al., 2022). The study selected
a trend scenario built using the CA-Markov model, examining temporal and spatial variations and
their impact on agricultural activities in the Saharan region (LACHER et al., 2023). This approach
aims to empower decision-makers with a clearer understanding of the future landscape, enabling
more informed and sustainable decision-making processes.
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4. Prospective land use according to the trend scenario

The Land Change Modeler trend scenario aims to logically project the results of current
trends and assumptions while taking into account existing restrictions and maintaining consistency
with trends observed in the past (DADASHPOOR and PANAHI, 2021). Using the transition matrix
obtained by analyzing the Markov chains between 2010 and 2020, we developed a trend scenario
for the Menia region. In this context, we assume that changes in land use patterns will remain
consistent without the implementation of additional protection restrictions or significant
deterioration of occupied regions until 2030. This scenario aims to reduce potential errors and
uncertainties naturally included in the projections. It maintains the period between 2010 and 2020,
which was used to calibrate the model, to ensure its reliability and relevance for future decision-
making.

The design of tendential and contrasting future scenarios displays their full potential in
finding locations with substantial socio-economic stakes. Their ability to quantify and locate future
changes in land use provides a solid platform for decision-making processes, particularly when
evaluating the implications of socio-economic processes through impact studies on activities, for
example (VELDKAMP et al., 2004; VERBURG et al., 2004). This scenario presents a bright
prognosis for the region. Future changes in land use by 2030, according to the tendential scenario,
reveal major transitions between land use groups. While maintaining their existing surfaces, urban
agglomerations will expand at the expense of other groups. Additionally, agriculture will undergo a
tremendous increase, with an area of 47,000 hectares, promising major economic activity in the
region and even contributing to national economic development. However, sand encroachment
remains a major limitation for the development of the Menia region, creating substantial dangers for
agricultural investments or infrastructure.

5. Transition matrix of land use classes between 2010 and 2020

The 2010- 2020 transition matrix based on Markovian chains provides crucial information on
the future evolution of different land use groups in the Menia region. Projected changes between
2010 and 2020 are used to determine expected changes for 2030 (Table 2). Cross-referenced data
for 2010 (columns) and 2020 (rows) is provided in the table above. This matrix presents several
notable trends. First, the urban class displays a surplus of 434.86 hectares, fueled mainly by the
conversions of Hamada, lake, and agricultural areas, with respectively 325.60 hectares, 96.50
hectares, and 12.76 hectares. Then, the hamadas, these rock formations typical of the desert
environment, lose more than 45000 hectares, mainly to the benefit of dunes and agricultural areas,
with a significant net drop of 44963 hectares of their initial surface area (Figure 4).

Table 2 - Transition matrix of future changes in land use classes

Legend Urban Water Hamada Agriculture | Dunes
Urban 2976.46 | 0 0 0 0

Water 96.50 1311.40 | 162.50 22.74 902.83
Hamada 325.60 894.20 594 327.22 | 15651.40 28 743.76
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Agriculture 12.76 35.12 44,15 4922.73 14131.50
Sand dunes 0 430.34 445.31 485 467 652.81
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Figure 4 - Loss and gains of land use classes between 2020 and 2030.

The expansion of agricultural land, particularly intensive crops, is impressive despite the
difficult conditions of the study area, with a net gain of 1,935.61 hectares. This expansion will
mainly be to the detriment of the hamadas with 15651.4 hectares, while the dunes will contribute to
the expansion of agriculture by 485 hectares. The dried lakes will also be exploited by agriculture,
with an area of 22.74 hectares.

6. Model validation

While the visual assessment provides an initial indication of the forecast's accuracy by
comparing the 2020 reference map with the 2020 simulation, this approach does not allow exact
localization and quantification of the correctly predicted areas of error that may have escaped the
observer's eye. In order to transcend beyond the subjectivity of the modeler (PONTIUS and
MILLONES, 2011; OLMEDO et al.,, 2015) stressed the necessity of a statistical comparison
between these maps. The budgeting approach (error or accuracy) will be applied to examine and
validate the model.

7. Global budgeting of errors and accuracy
This method enables assessing and pinpointing mistakes and accuracies in changes resulting
from the comparison of two reference maps (t1 and t2) with a prediction map (t2). Model validation
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occurs in two steps: first, by examining expected and actual changes between 2010 and 2020, and
then by comparing land cover classes between the known land cover map and the predicted map.
Out of a total of 80% observed constancy between 2010 and 2020, 61% were accurately predicted
(N) (Table 3). The stability of Hamadas, which represents 68% of the region's stability compared to
other land cover categories, partly explains this conclusion (SEHL, 2018). Errors, which result from
observed constancy but are forecasted as change, account for 6.3% (F), while "misses,” which
reflect the opposite process (M), account for 20%. Finally, the model's observed and accurately
predicted changes equal 12% (H) (BENKHELIF et al., 2024).

Table 3 - Comparison between prediction and observation

Observed Changes 2010 - 2020

0 1 Total général
Predicted Changes 2010 - 2020 0 (N) 61.04% (M) 19.88% 80.92%
1 (F) 6.30% (H) 12.78%  19.08%
Total 67.34% 32.66% 100%

général

8. Menia’'s land use in 2030

The prospective modeling of the land use map for the year 2030 using the LCM maodel,
applying the transition matrix (2010-2020) and suitability maps for each land use class, is provided
below. The urban area will encompass 2757.82 hectares (Table 4), representing 0.26% of the total
area. Despite being the least popular land use type, it enjoys significant expansion compared to
2020. The hamada will remain the largest category, comprising 667018 hectares, representing
substantially over half of the overall study area (62.27%).

The dunes class, which occupies 36.18% of the land, is closely followed. Under the trend
scenario, the agricultural class will see substantial expansion, spanning 12,024 hectares, or 1.12% of
the overall region's area (Figure 5).

Table 4 - Ground occupation class area projected in 2030

Legend Urban Water Hamada Agriculture Sand dunes
Acres 2757.82 1877.52 667018.14 12 024.30 387512.85
Rate 0.26 0.18 62.27 1.12 36.18

9. Analysis of changes for each land use class (2021-2030)

The primary aim of this data analysis is to accurately measure changes in land occupation and
use. Additionally, this study tries to understand the evolutionary processes, specifically detecting
transitions between distinct land use classes in terms of losses and benefits. To do this, transition
matrices were calculated using the Idrisi program. Utilizing these matrices provides insight into the
surface area (in hectares) of each land use class by 2030, as well as the fraction of each class that
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remains stable and those moving to other classes. This approach enables us to follow the future
trajectory and origins of each land use class. Moreover, these matrices provide a detailed
examination of the evolution of each class, defining gains and losses relative to other classes.

™ - 1Km

N
B Urban B Waters Hamada B Agriculture Sand dunesA 05 0 10 20 30 40

Figure 5 - A: Land use of the Menia region in 2030. B: Menia region agriculture class in 2030.

10. Contribution to net change in agriculture class

The analysis of the agriculture class reveals a large development of this land use at the
expense of enormous barren lands existing in the region. This increase is ascribed to the rise of the
Albian aquifer in the region, fostered by different agricultural and rural development programs
developed by the government. These schemes have permitted the construction of enormous regions
of intensively irrigated agriculture (Table 5).

Table 5 - Net contribution of land use classes

Legend Urban Water Hamada Agriculture Sand dunes
Net Contribution 473 90 5520 0 612
Rate 7.06 1.34 82.45 0.00 9.14

Spatial research suggests that the majority of agricultural land will be reclaimed to the north
along the trajectory of the Albian aquifer, making these places very favorable to agriculture.
Additionally, the low-lying portions of the dunes will also be restored as they hold large
groundwater resources in the form of free-flowing aquifers, save for places extremely near the chott

due to their high saline levels (BOUZEKRI, 2022).
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11. Predictive Modeling for 2030

The predictive modeling for 2030, utilizing the LCM model, suggests a consistent expansion
of agricultural land by that time. This forecast, based on trends observed between 2010 and 2020
using Markov chains, incorporates lithology, slope, altitude, maximum and minimum temperatures,
average temperatures, and soil humidity index. These factors are crucial in understanding the
geographical and climatic conditions affecting agricultural land use. The model's anticipation of
agricultural expansion underscores the expected impact of ongoing developmental policies and the
potential for increased agricultural productivity in the region. Additionally, by incorporating these
variables, a more accurate prediction of future land use changes is enabled, which aids in decision-
making processes for sustainable development. Considering these factors, policymakers can
strategically plan for the challenges, such as resource management, and opportunities, like
economic growth, that may arise with the expansion of agricultural land in the future (WANG,
2023).

The projections for 2030 indicate a substantial increase in agricultural land compared to 2020.
In the baseline scenario, agricultural land in 2020 encompassed 4,922.73 hectares, while the
predictions for 2030 anticipate an expansion to 12,024.30 hectares. This represents a notable
144.23% increase from the 2020 figures, reflecting the persistent growth trend in the agricultural
sector within the Menia region. The extension of agricultural land in Menia goes beyond mere
expansion; it has significant and multifaceted implications for regional development. Primarily, it
lays the groundwork for future enhancements in food security by potentially increasing local food
production (KAHLA, 2019; ABDELHEDI and ZOUARI, 2020). This could reduce reliance on food
imports and bolster the region’s resilience to external market fluctuations (MEIJERINK and ROZA,
2007). Additionally, agricultural expansion can stimulate regional economic growth by generating
employment opportunities in agriculture and related sectors like food processing, logistics, and
distribution. This could further spur the development of rural infrastructure and support services,
thereby enhancing overall living standards in the region. However, this expansion also raises
sustainability concerns. Heightened demand for water resources, particularly in arid regions like
Menia (SHIN et al., 2022) may strain freshwater supplies and jeopardize future water availability
for agriculture and local communities (MOIWO et al., 2022). Moreover, the expansion of
agricultural land could contribute to environmental degradation (RASTGOO and HASANFARD,
2022), habitat loss, and ecosystem fragmentation, posing significant risks to biodiversity and vital
ecosystem services. Addressing these challenges requires the implementation of sustainable
agricultural policies and practices that prioritize natural resource conservation, efficient water
management, and ecosystem preservation. It is imperative to engage local communities, farmers,
and stakeholders in inclusive decision-making processes to achieve balanced and sustainable
agricultural development in Menia. While increased agricultural activity can drive economic growth
and enhance food security, it necessitates prudent natural resource management. Mitigating
challenges such as water scarcity, soil degradation, and climate change impacts will be critical for
sustaining agricultural expansion. Conversely, opportunities lie in adopting sustainable farming
practices, enhancing irrigation efficiency, and harnessing technological innovations to boost
productivity while minimizing environmental impacts.

Conclusion

This study proposed the modeling and anticipating of agricultural land evolution in the region
of Menia in Algeria, using Land Change Modeler (LCM). The results reveal a significant expansion
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of agricultural lands between 2000 and 2020, with a projection indicating the continuation of this
trend until 2030, while experiencing a reduced rate of growth.

The methodological framework employed illustrates the efficacy of spatial modeling tools in
analyzing and predicting agricultural dynamics in complex and fragile environments such as
Saharan regions. These results further contribute to the global discourse on food security by
proposing strategies to optimize natural resource utilization while mitigating environmental
impacts.

According to the tendential scenario, future land use changes by 2030 will involve significant
transitions between land use categories. Urban areas will continue to expand, consuming land from
other categories, while agricultural areas will see a remarkable increase, growing by 47,000
hectares. This growth has the potential to be a key driver of regional economic activity, with
possible contributions to national economic development. However, the threat of sand
encroachment remains a significant challenge to the development of the Menia region, posing
considerable risks to agricultural investments and infrastructure.

To ensure sustainable development, it is essential to establish politics that promote efficient
irrigation systems, the adoption of crop varieties suited to arid conditions, and the rational
sustainable management of aquifers. Furthermore, future studies could explore the socioeconomic
impacts of agricultural expansion or adapt these models to other arid regions encountering similar
challenges.

This study provides a robust scientific foundation to inform decision-making processes in
land management within arid contexts, while highlighting the necessity of finding a balance
between agricultural development and preservation of Saharan ecosystems.
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