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Abstract: Land use and land cover (LULC) changes represent a key indicator of environmental dynamics,
particularly in semi-arid regions where natural resources are highly sensitive to anthropogenic pressure and
climatic conditions. Understanding the spatio-temporal evolution of LULC is essential for sustainable land and
water management. This study examines long-term LULC changes in the Wadi Rdat Basin, central Morocco,
using multi-temporal Landsat satellite imagery and GIS-based techniques. A diachronic analysis was
conducted over a 30-year period from 1990 to 2020, based on Landsat TM and OLI data. Supervised
classification using the Maximum Likelihood algorithm was employed to generate LULC maps for four
representative years. Six major LULC classes were identified: forest, agricultural land, fallow land and
rangelands, built-up areas, bare land, and water bodies. The results indicate significant transformations,
characterized by a continuous decline in forest cover, dynamic changes in agricultural land, a marked
expansion of bare land, and gradual urban growth. These findings highlight ongoing land degradation
processes and provide valuable insights for future land-use planning and environmental management in the
basin.
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Resumo: As mudangas no uso e na cobertura da terra (LULC) constituem um importante indicador da
dindmica ambiental, particularmente em regiées semiaridas, onde os recursos naturais sdo altamente
sensiveis a pressao antrépica. A compreensao da evolugao espaco-temporal da LULC é essencial para a
gestao sustentavel da terra e dos recursos hidricos. Este estudo analisa as mudangas de longo prazo da
LULC na Bacia do Wadi Rdat, no centro do Marrocos, utilizando imagens multitemporais do satélite Landsat
e técnicas baseadas em Sistemas de Informagao Geografica (SIG). Foi realizada uma analise diacrdnica ao
longo de 30 anos, entre 1990 e 2020, com base em dados de Landsat TM e OLI. A classificacao
supervisionada, baseada no algoritmo de maxima verossimilhanga, foi aplicada para gerar mapas
representativos de LULC de quatro anos. Foram identificadas seis principais classes de LULC: floresta, terras
agricolas, terras em pousio e pastagens, areas construidas, terras nuas e corpos d’agua. Os resultados
indicam transformacdes significativas, caracterizadas por um declinio continuo da cobertura florestal,
mudangas dindmicas nas terras agricolas, uma expansao acentuada das terras nuas e um crescimento
urbano gradual. Esses resultados evidenciam processos continuos de degradagédo da terra e fornecem
subsidios relevantes para o planejamento do uso da terra e para a gestdo ambiental futura da bacia.
Palavras-chave: Uso e cobertura da terra; Analise espago-temporal; SIG; Bacia do Wadi Rdat.

1. Introduction

Land use and land cover (LULC) change is widely recognized as one of the main
drivers of environmental and geomorphological processes, influencing hydrological regimes,
soil erosion, vegetation dynamics, and ecosystem services at different spatial and temporal
scales (Foley et al., 2005; Shiferaw et al., 2025; EI Mazi et al., 2026). These changes are
particularly pronounced in semi-arid and Mediterranean regions, where climatic variability
and increasing anthropogenic pressure interact strongly, leading to land degradation, water
scarcity, and ecosystem vulnerability (Lambin et al., 2003; Hansen & Loveland, 2012;
Garcia-Ruiz et al., 2013).

In recent decades, population growth, agricultural expansion, urban development,
and policy-driven land management practices have accelerated LULC transformations
worldwide (Ellis et al., 2010; Gouveia et al., 2015; Meyfroidt et al., 2018; Nmiss et al., 2025;
Afenzar et al., 2025; Benbih et al., 2025). Monitoring these changes is therefore essential
for understanding landscape evolution and for supporting sustainable land and water
resource management (Veldkamp & Lambin, 2001). Remote sensing has proven to be an
effective approach for LULC mapping and change detection due to its synoptic coverage,
temporal consistency, and ability to provide objective and repeatable observations over
large areas (Coppin et al., 2004; Roy et al., 2014; Ferreira et al., 2018; Wulder et al., 2019).

Among Earth observation systems, the Landsat program offers the longest
continuous archive of medium-spatial-resolution satellite imagery, enabling multi-decadal
assessments of land surface dynamics since the 1970s (Roy et al., 2014; Kennedy et al.,
2014; Wulder et al., 2019). Landsat data have been extensively used to analyze long-term
changes in vegetation cover, agricultural systems, urban growth, and land degradation
across different environmental contexts (Hansen & Loveland, 2012; Zhu & Woodcock,
2014). The availability of consistent Landsat imagery allows the investigation of LULC
trajectories at regular temporal intervals, which is essential for capturing both gradual and
abrupt landscape changes.
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Traditional LULC change detection approaches based on two-date image
comparisons may fail to adequately represent complex land-cover transitions, especially
those occurring progressively over time. To overcome these limitations, multi-temporal
analyses using Landsat time series have gained increasing attention, as they provide a more
robust framework for assessing spatiotemporal LULC dynamics and reducing uncertainties
related to seasonal effects and sensor differences (Zhu, 2017; Kennedy et al., 2010; Zhu et
al., 2020). Selecting representative years at decadal intervals has become a common and
effective strategy for evaluating long-term land-use trends.

In North Africa, and particularly in Morocco, LULC change has emerged as a major
environmental concern due to the combined effects of climate variability, agricultural
intensification, rangeland degradation, and expanding settlements (Assede et al., 2023;
Yahaya et al., 2024; Chrif El Idrissi et al., 2024; Alvarez & Govind., 2025). Several studies
have demonstrated significant changes in vegetation cover, cropland distribution, and land
degradation processes across Moroccan watersheds using remote sensing and GIS
techniques (Charif El Idrissi et al., 2024; Arari et al., 2025; Irifi et al., 2025; El Mazi et al.,
2026). However, despite these efforts, many river basins remain insufficiently studied at the
basin scale using consistent multi-decadal datasets.

The Wadi Rdat Basin has been subjected to increasing pressure from agricultural
activities and settlement expansion over recent decades, making it a valuable case study
for examining long-term LULC dynamics. However, comprehensive assessments
quantifying these changes over extended periods remain limited for this basin. Therefore,
the objective of this study is to analyze land use and land cover changes in the Wadi Rdat
Basin over a 30-year period using Landsat imagery acquired in 1990, 2000, 2010, and 2020.
By applying supervised classification and post-classification change detection techniques,
this research aims to quantify major LULC transitions and provide spatially explicit
information to support sustainable land management and geoscientific analysis at the
watershed scale.

2. Materials and Methods
2.1 Study area

The Wadi Rdat Basin is located between longitudes 5°20" and 5°55' W and latitudes
34°28' and 34°49' N. It forms part of the northern sector of the lower Sebou Basin and is
bounded to the west by the Mda Basin, to the east by the Ouergha Basin, and to the north
by the Loukkos Basin. Wadi Rdat is a tributary of the Sebou River and drains an area of
approximately 1,165 km? (Figure 1).

The study area extends across portions of three administrative provinces: Sidi
Kacem, Ouezzane, and Kenitra. The basin’s population is predominantly rural and is
distributed among more than 200 villages of varying sizes.
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Figure 1. Location of the Wadi Rdat Basin.

Figura 1. Localizagéo da bacia do Wadi Rdat.

2.2 Data source

This study is based on multi-temporal satellite imagery acquired from the Landsat
program to investigate land use and land cover (LULC) changes in the Wadi Rdat Basin.
Four representative years—1990, 2000, 2010, and 2020—were selected at decadal
intervals in order to analyze long-term LULC dynamics over a 30-year period. The Landsat
mission provides a continuous and reliable archive of medium-resolution satellite data,
which has been widely used in regional and basin-scale LULC studies.

Landsat 5 Thematic Mapper (TM) images were used for the years 1990, 2000, and
2010, while Landsat 8 Operational Land Imager (OLI) imagery was used for 2020 due to its
improved radiometric quality. All images have a spatial resolution of 30 m and were selected
from the same season to minimize the effects of seasonal variability in vegetation and land
surface conditions. Spectral bands in the visible, near-infrared, and shortwave infrared
regions were used to ensure consistency among the different datasets.

Table 1. Description of the satellite images used in the study.

Tabela 1. Descrigdo das imagens de satélite utilizadas no estudo.

Satellite Sensor Acquisition Date Spatial Resolution Source
Landsat 8 Operational Land Imager (OLI) 16/10/2020
11/09/2010

30 m USGS
Landsat 5 Thematic Mapper (TM) 10/11/2000
20/09/1990
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2.3 Methodology
2.3.1 Image Pre-processing

All Landsat images were pre-processed to ensure consistency across sensors and
acquisition dates (Figure 2). Pre-processing steps included geometric correction,
radiometric normalization, and atmospheric correction using surface reflectance products,
following standard recommendations for long-term land cover analysis (Zhu & Woodcock,
2014). All images were projected to a common coordinate reference system and clipped to
the boundary of the Wadi Rdat Basin. Cloud and shadow effects were minimized through
visual inspection and quality masking where necessary (Scaramuzza et al., 2012).

2.3.2 Land Use and Land Cover Classification

Land use and land cover maps were produced using a supervised classification
approach, which is commonly used in LULC studies due to its ability to incorporate expert
knowledge through training samples (Foody, 2002; Lu & Weng, 2007). Based on the
characteristics of the study area and spectral separability, six major LULC classes were
identified: forest, agricultural land, fallow land and rangelands, bare land, built-up areas, and
water bodies.

Training samples for each class were selected through visual interpretation of
Landsat imagery and high-resolution satellite imagery available through Google Earth Pro
(imagery from 2020-2023), which was used solely as a visual reference to improve class
identification, following common practices in land cover mapping (Olofsson et al., 2013). The
Maximum Likelihood Classification (MLC) algorithm was applied independently to each
image, as it remains a robust and widely accepted method for medium-resolution LULC
classification (Richards & Jia, 2006).

2.3.3 Land Use and Land Cover Change Detection

Land use and land cover changes were assessed through a post-classification
comparison approach. This method is based on the independent classification of multi-
temporal images from different dates in order to analyze changes in the spatial distribution
and area of LULC classes over time (Singh, 1989; Lu et al., 2004). Change analysis was
carried out for three time intervals: 1990-2000, 2000-2010, and 2010-2020, allowing the
identification of the main spatio-temporal trends in the Wadi Rdat Basin.

2.3.4 Accuracy Assessment

A quantitative accuracy assessment was performed for the 2020 LULC classification
using 105 validation points. Reference classes were identified mainly from high-resolution
Google Earth Pro imagery acquired close to 2020, while field observations from 2022-2024
were used only as supplementary support for stable land cover classes. Classification
performance was evaluated using a confusion matrix, from which overall accuracy (OA),
producer’s accuracy (PA), user’s accuracy (UA), and the Kappa coefficient were calculated
following standard methods (Congalton, 1991; Foody, 2002; Olofsson et al., 2014). Overall
accuracy was calculated as:
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where > D is the sum of correctly classified samples, N is the total number of validation
points, D is the number of correctly classified samples for a given class, R is the total number
of reference samples in that class, and C is the total number of samples classified in that
class. The Kappa coefficient was also computed to assess agreement beyond chance
(Cohen, 1960; Congalton, 1991). For the earlier years (1990, 2000, and 2010), quantitative
validation was not possible due to the lack of reliable historical reference data; therefore,

PA

UA

these classifications were evaluated qualitatively.
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Figure 2. Methodological workflow and data analysis.

Figura 2. Fluxograma metodoldgico e da analise de dados.

3.1. LULC status (1990-2020)

Multi-temporal land use and land cover (LULC) maps of the Wadi Rdat Basin for the
years 1990, 2000, 2010, and 2020, classified into six major classes—forest, agricultural
land, fallow land and rangelands, built-up areas, bare land, and water bodies—are
presented in Figure 3. The spatial distribution and areal extent of each LULC class derived

from supervised classification are summarized in Table 2.
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The results from the 1990 classified map indicate that fallow land and rangelands
dominated the basin, covering 42.40% (494.3 km?) of the total area, followed by agricultural
land at 29.54% (344.4 km?). Forest covered 16.74% (195.1 km?), while bare land accounted
for 11.00% (128.2 km?). Built-up areas and water bodies occupied very small proportions of
the basin, representing 0.32 and 0.01%, respectively.

In 2000, a noticeable expansion of agricultural land was observed, reaching 36.93%
(430.5 km?) compared to 29.54% in 1990. In contrast, forest cover decreased to 13.16%
(153.4 km?). Fallow land and rangelands declined to 34.75% (405.1 km?), while bare land
increased moderately to 14.75% (171.9 km?). Built-up areas showed a slight increase to
0.41%, whereas water bodies remained negligible.

The classified results for 2010 reveal a substantial increase in bare land, which
expanded to 25.29% (294.8 km?) of the basin. During the same period, agricultural land
decreased to 27.35% (318.8 km?), while fallow land and rangelands increased slightly to
37.54% (437.6 km?). Forest areas continued to decline, covering only 8.96% (104.4 km?).
Built-up areas expanded to 0.87%, indicating progressive urban growth.

By 2020, fallow land and rangelands remained the dominant LULC class, occupying
39.78% (463.7 km?) of the basin. Agricultural land showed a slight recovery, covering
28.76% (335.3 km?), while bare land decreased to 22.36% (260.7 km?) compared to 2010.
Forest cover reached its lowest extent, accounting for 7.73% (90.1 km?). Built-up areas
continued to increase gradually, reaching 1.32% (15.4 km?), whereas water bodies remained
marginal, covering less than 0.1% of the total area.

Table 2. LULC distribution in the Wadi Rdat basin.

Tabela 2. Distribuigdo do uso e da cobertura da terra na bacia do Wadi Rdat.

1990 2000 2010 2020

LULC Class Area Area Area Area Area Area Area Area

(km?) (%) (km?) (%) (km?) (%) (km?) (%)
Forest 195.1 16.74 153.4 13.16 104.4 8.96 90.1 7.73
Agricultural land 344.4 29.54 430.5 36.93 318.8 27.35 335.3 28.76
Fallow land and 4943 | 4240 | 4051 | 3475 | 4376 | 3754 | 4637 | 39.78
rangelands
Built-up areas 3.7 0.32 4.8 0.41 10.2 0.87 15.4 1.32
Bare land 128.2 11.00 171.9 14.75 294.8 25.29 260.7 22.36
Water bodies 0.09 0.01 0.06 0.01 0.04 0.00 0.6 0.05
Total 1165.8 100 1165.8 100 1165.8 100 1165.8 100
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Figure 3. Spatial distribution of land use and land cover classes in the Wadi Rdat Basin in (a) 1990, (b)
2000, (c) 2010, and (d) 2020.

Figura 3. Distribuicdo espacial das classes de uso e cobertura da terra na bacia do Wadi Rdat em (a)
1990, (b) 2000, (c) 2010 e (d) 2020.

3.2. Spatio-temporal changes in LULC

The spatio-temporal analysis of land use and land cover (LULC) changes in the Wadi
Rdat Basin between 1990 and 2020 reveals notable variations in the extent and distribution
of the main land cover classes (Figure 4). During the first period (1990-2000), agricultural
land showed a clear expansion, while forest areas experienced a noticeable decline. At the
same time, fallow land and rangelands slightly decreased, whereas built-up areas increased
marginally.

Between 2000 and 2010, the most pronounced change was the strong expansion of
bare land, accompanied by a reduction in both agricultural land and forest cover. Fallow land
and rangelands increased moderately during this period, indicating a shift toward less
intensively used land. Built-up areas continued to grow gradually, although they still
occupied a relatively small proportion of the basin.

In the most recent period (2010-2020), agricultural land showed a slight recovery,
while bare land decreased compared to 2010. Fallow land and rangelands remained the
dominant land cover class throughout the basin. Forest cover continued its declining trend,
and built-up areas showed a steady increase, reflecting ongoing urban expansion.

Overall, the spatio-temporal LULC changes indicate a continuous decline in forest
cover, significant fluctuations in agricultural land, expansion of bare land during the mid-
period, and a gradual but persistent increase in built-up areas across the Wadi Rdat Basin.
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Figure 4. Spatio-temporal variation of land use and land cover classes in the Wadi Rdat Basin (1990-2020).

Figura 4. Variagao espacgo-temporal das classes de uso e cobertura da terra na bacia do Wadi Rdat (1990-
2020).

3.3. LULC patterns during individual periods
e 1990-2000

The analysis of LULC patterns between 1990 and 2000 shows noticeable changes in
the spatial distribution of land cover classes within the Wadi Rdat Basin (Figure 3). During
this period, agricultural land expanded, becoming more prominent across the central and
eastern parts of the basin. In contrast, forest areas declined, indicating a reduction in forest
cover compared to 1990. Fallow land and rangelands slightly decreased, while bare land
showed a moderate increase. Built-up areas expanded marginally, remaining limited in
spatial extent, and water bodies showed no significant change.

e 2000-2010

Between 2000 and 2010, more pronounced LULC transformations were observed
across the basin (Figure 3). This period is characterized by a strong expansion of bare land,
especially in marginal and previously cultivated areas. At the same time, agricultural land
and forest cover experienced substantial declines, indicating a contraction of these land use
types. Fallow land and rangelands expanded moderately and became more widespread.
Built-up areas continued to grow gradually, although they remained spatially limited, while
water bodies remained negligible throughout the basin.

e 2010-2020

During the most recent period (2010-2020), LULC patterns indicate partial
stabilization of some land cover classes within the Wadi Rdat Basin (Figure 3). Agricultural
land showed a slight recovery, while bare land decreased compared to its peak extent in
2010. Fallow land and rangelands remained the dominant land cover type across most parts
of the basin. However, forest cover continued to decline, reaching its lowest spatial extent
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during the study period. Built-up areas exhibited a continuous but gradual expansion,
whereas water bodies showed minimal spatial variation.

3.4. Field observations (qualitative validation)

Field observations were conducted during 2022—-2024 to provide qualitative support
for the interpretation of land use and land cover (LULC) classes derived from satellite image
classification. The field photographs illustrate representative examples of the main LULC
categories identified in the study area, including forest (Figure 5a), agricultural land (Figure
5b), fallow land and rangelands (Figure 5c), and bare land (Figure 5d).

(b)

27/02/2023, 12 :06, X : 34°46°21.7 »N Y :5°27°43.3"W 04/02/2023, 15 :32, X : 34°38'24.04 »N Y :5°30°'22.60"W

16/03/2023, 10 :09, X : 34°42'17.1 »N Y :5°33'34.2"W 23/01/2023, 12 :36, X : 34°40°39.5 »N Y :5°33'23.4"W

Figure 5. Field photographs illustrating major land use and land cover classes in the Wadi Rdat Basin: (a)
forest, (b) agricultural land, (c) fallow land and rangelands, and (d) bare land.

Figura 5. Fotografias de campo ilustrando as principais classes de uso e cobertura da terra na bacia do
Wadi Rdat: (a) floresta, (b) terra agricola, (c) terra em pousio e pastagens e (d) terra nua.

Although these observations postdate the period analyzed, they were used
exclusively as qualitative reference data to confirm the general characteristics and visual
appearance of the mapped land-cover classes. The field photographs supported visual
interpretation and increased confidence in the classification results, without being used for
quantitative validation or area estimation.

10
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For the earlier years (1990, 2000, and 2010), quantitative validation was not possible
because reliable historical reference data were unavailable. Therefore, the classification
results for these periods were qualitatively supported by field observations, visual
interpretation, and temporal consistency analysis.

3.5. Accuracy Assessment of the 2020 Classification

A quantitative accuracy assessment was performed for the 2020 LULC map using
105 validation points interpreted mainly from high-resolution Google Earth Pro imagery
acquired close to 2020. The confusion matrix yielded an overall accuracy of 70.48% and a
Kappa coefficient of 0.641, indicating satisfactory classification performance. The highest
accuracies were obtained for built-up areas and water bodies, whereas lower accuracies
were observed for agricultural land, fallow land and rangelands, and bare land due to
spectral similarity among these classes. Detailed class-based accuracy metrics are
presented in Table 3.

Table 3. Accuracy assessment results for the 2020 LULC classification in the Wadi Rdat Basin

LULC Class Producer Accuracy (%) User Accuracy (%)
Forest 90.0 90.0
Agricultural land 40.0 50.0
Fallow land and rangelands 68.4 65.0
Built-up areas 100.0 80.0
Bare land 60.0 60.0
Water bodies 100.0 90.0

4. Discussion

The LULC dynamics observed in the Wadi Rdat Basin between 1990 and 2020
indicate a progressive transformation of the basin landscape under the combined influence
of anthropogenic pressure and environmental constraints. Rather than reflecting isolated
land cover shifts, the identified trends suggest a broader trajectory toward increasing land
degradation, especially through forest decline, the expansion of bare land, and the instability
of agricultural areas. Similar trajectories have been reported in Mediterranean and semi-arid
regions, where land systems are highly sensitive to both climatic stress and human
disturbance (Lambin et al., 2001; Geist & Lambin, 2002; Debolini et al., 2018).

The decline in forest cover appears to be one of the clearest indicators of ecological
pressure in the basin. In semi-arid environments, forest regression is rarely caused by a
single factor; rather, it usually results from the interaction of agricultural encroachment,
overgrazing, wood extraction, and reduced regeneration under irregular rainfall conditions.
This interpretation is consistent with previous studies carried out in Morocco and other
Mediterranean environments, where forest ecosystems have shown increasing vulnerability
to both human use and climatic stress (El Idrissi et al., 2024; Chrif El Idrissi et al., 2026). In
the Wadi Rdat Basin, this decline likely reflects the cumulative effects of land conversion
and ecological fragility.

Agricultural land did not follow a linear trend, but instead showed successive phases
of expansion, contraction, and partial recovery. Such instability suggests that agricultural
systems in the basin are highly responsive to changing socio-economic conditions and
environmental constraints. The expansion recorded during the 1990s may be linked to

11
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increased cultivation pressure, while the decline observed between 2000 and 2010 may
reflect reduced productivity, land abandonment, or climatic stress. The modest recovery
after 2010 suggests that some cultivated lands remained adaptable, although still
vulnerable. Comparable patterns have been reported in Mediterranean rural landscapes,
where cropland dynamics are closely influenced by rainfall variability, land management
strategies, and market or livelihood pressures (Debolini et al., 2018; Ben-Said et al., 2025).

The marked expansion of bare land, especially during the 2000-2010 interval, can
be interpreted as a strong signal of land degradation. In semi-arid regions, the increase of
bare surfaces is commonly associated with vegetation loss, soil erosion, declining biomass
productivity, and prolonged drought conditions, often intensified by unsustainable
agricultural and pastoral practices (Dregne, 2002; UNCCD, 2017). In the Wadi Rdat Basin,
this change likely reflects both natural stress and human-induced degradation, particularly
in fragile areas exposed to repeated land pressure. Although bare land decreased slightly
after 2010, its persistence at a relatively high level in 2020 indicates that degradation
processes remain active.

The persistence of fallow land and rangelands as the dominant land class highlights
the importance of extensive grazing and mixed rural land-use systems in the basin.
However, the long-term stability of these surfaces should not necessarily be interpreted as
ecological equilibrium. In semi-arid contexts, rangelands may remain spatially dominant
while undergoing gradual qualitative degradation due to overgrazing, reduced vegetation
cover, and soil exhaustion. Their persistence, therefore, reflects not only land-use continuity
but also the structural dependence of local livelihoods on low-intensity land systems.

The gradual increase in built-up areas reflects slow but continuous settlement
expansion and local infrastructure development. Although the spatial extent of built-up land
remains limited, its increase is consistent with broader rural transformation processes
reported in Morocco and other semi-arid regions, where demographic growth and changing
settlement patterns progressively convert agricultural or open land into built surfaces (Salvati
et al., 2012; Loulad et al., 2023; Leghrib et al., 2025). Even when spatially limited, this type
of expansion may contribute to land fragmentation and increased pressure on surrounding
natural and agricultural areas.

Overall, the LULC changes identified in the Wadi Rdat Basin appear to result from
the interaction between natural factors and human drivers. Climatic irregularity, drought
episodes, and the ecological fragility typical of semi-arid landscapes likely increased the
sensitivity of land systems, while agricultural pressure, grazing intensity, wood extraction,
and settlement growth accelerated surface transformation. The observed landscape
evolution is therefore best understood as the outcome of both environmental stress and
long-term human use of the basin.

This study nevertheless presents some limitations that should be considered when
interpreting the results. First, the 30 m spatial resolution of Landsat imagery may reduce the
precision of class discrimination, particularly for small or fragmented features such as built-
up areas and narrow water bodies. Second, some LULC classes, especially agricultural
land, fallow land, rangelands, and bare land, may show spectral similarity, which can affect
class separability and partly explain the lower classification accuracy for these categories.
Third, quantitative validation was only possible for the 2020 map because reliable historical
reference data were unavailable for earlier years. Finally, the use of four representative
dates provides a robust long-term overview, but does not capture short-term fluctuations
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that may have occurred between observation years. Despite these limitations, the multi-
temporal Landsat-based approach remains suitable for identifying major LULC trends and
provides useful baseline information for land management and environmental monitoring in
the Wadi Rdat Basin.

5. Conclusions

This study assessed the spatio-temporal changes in land use and land cover (LULC)
in the Wadi Rdat Basin, central Morocco, over a 30-year period from 1990 to 2020, using
multi-temporal Landsat imagery and GIS-based analysis. The results demonstrate that the
basin has undergone significant landscape transformations during the study period,
reflecting the combined effects of human activities and environmental constraints in a semi-
arid context.

The analysis revealed a continuous decline in forest cover, highlighting increasing
pressure on natural ecosystems. Agricultural land exhibited dynamic behavior,
characterized by periods of expansion, contraction, and partial recovery, while fallow land
and rangelands remained the dominant land-cover types throughout the basin. A marked
expansion of bare land, particularly during the mid-study period, indicates ongoing land
degradation processes, whereas built-up areas showed a gradual but persistent increase,
reflecting progressive urban development. Water bodies remained negligible and stable
over time.

The integration of multi-temporal satellite data proved effective in monitoring long-
term LULC dynamics and identifying major land-cover trends. The findings provide valuable
baseline information for land use planning, environmental monitoring, and sustainable
resource management in the Wadi Rdat Basin. Continuous monitoring using remote sensing
and GIS is recommended to support decision-making aimed at mitigating land degradation,
preserving forest resources, and promoting sustainable land-use practices in semi-arid
regions.

Future research should focus on integrating higher-resolution satellite imagery,
annual or seasonal time series, and additional environmental variables to improve detection
of short-term land-cover dynamics and class separability. Further studies may also combine
LULC analysis with climate, hydrological, and socio-economic data in order to better
understand the drivers of landscape change and support more targeted watershed
management strategies.
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