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Geospatial Approach to Land-Use Dynamics and the Vulnerability of Cultivable Lands in the N’Zi Watershed (Central–Eastern Côte d’Ivoire)

ABSTRACT

	[bookmark: _GoBack]This study investigates land use dynamics and the vulnerability of cultivable lands in the N’Zi watershed at M’Bahiakro (Central–Eastern Côte d’Ivoire) between 2015 and 2024. Satellite images from 2015, 2020, and 2024 were preprocessed to correct radiometric and atmospheric effects, and classified using the supervised Maximum Likelihood method into six land use classes: bare soil and settlements, dense forests, degraded forests, savanna, croplands and fallows, and water. Classification accuracy was assessed using a confusion matrix, with overall accuracy exceeding 85%, ensuring reliable results. Diachronic analysis reveals a rapid and significant landscape transformation: dense forests declined sharply, savannas and croplands expanded progressively, and agricultural activities intensified, particularly in the central and southern parts of the watershed by 2024. Degraded forests increased between 2015 and 2020 before decreasing in favor of croplands and fallows. Bare soil and built-up areas increased slightly, while water bodies remained largely stable. These changes reflect growing anthropogenic pressures and the ongoing conversion of natural and degraded areas into agricultural lands. The findings highlight the urgent need for sustainable land management strategies, soil conservation measures, and integrated watershed planning. The study also recommends the future application of predictive models, such as Markov, CA-Markov, Land Change Modeler, and Random Forest, to anticipate land use changes and assess cultivable land vulnerability beyond 2024, providing essential tools for agricultural planning and environmental sustainability.
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1. INTRODUCTION 
The transformation of land use and land cover is currently one of the main factors affecting the sustainability of ecosystems and agricultural lands in west Africa. under the combined effects of population growth, agricultural expansion, and climate variability, rural landscapes are experiencing accelerated dynamics characterized by the conversion of forests into croplands, increasing urbanization, and soil degradation (Kouassi et al., 2021; Kouassi et al., 2024). these changes exert greater pressure on soils and water resources, compromising food security and the socio-ecological resilience of rural communities (Yao et al., 2023; FAO, 2023).
In Côte d’Ivoire, these transformations are particularly pronounced in the climatic and agro-ecological transition zones of the central region. the N’Zi watershed, a tributary of the bandama river, exemplifies these dynamics: forest cover has significantly declined in favor of food and cash crops (cashew, yam), while extensive agriculture increases soil vulnerability to erosion and organic depletion (Kouassi et al., 2022; Dao et al., 2021). recent rainfall fluctuations and variability in hydrological regimes exacerbate these degradation processes, further weakening arable lands (Koffi, 2023).
geospatial approaches now provide powerful tools to analyze and monitor these dynamics across different spatial and temporal scales. the use of satellite imagery allows the assessment of land use changes and the modeling of land vulnerability (kouassi. et al., 2024; Aka et al., 2023). however, despite notable advances, an integrated understanding of the interactions between land use dynamics and the vulnerability of arable lands remains limited in the N’Zi basin, even though this territory is strategically important for agricultural planning and sustainable natural resource management in central-western côte d’ivoire. Several questions therefore remain:
· How do recent land use changes influence the vulnerability of arable lands?
· Which areas of the basin present the highest risk of degradation?
· Which biophysical and anthropogenic indicators most strongly determine this vulnerability?
To address these questions, this study proposes an integrated geospatial approach combining multi-temporal land use analysis, modeling of vulnerability indicators, and synthesis mapping of high-risk areas. The objectives are to: (i) characterize the spatio-temporal dynamics of land use in the n’zi watershed between 1986 and 2025; and (ii) assess the current vulnerability of arable lands to inform sustainable planning strategies and soil conservation policies. this work contributes to a better understanding of the interactions between spatial dynamics, climate, and agricultural land sustainability, within a framework of territorial resilience.

2. material and methodOLOGY 
2.1. Material
2.1. 1 Presentation of the study area
The N'Zi watershed at M'Bahiakro is located between longitudes 4° and 5° West and latitudes 6° and 9°27' North (Figure 1). This basin is drained exclusively by the N'Zi River, which is the only major watercourse in the study area. The N'Zi rises in northern Côte d'Ivoire in the Ferkéssedougou region at an altitude of 400 m and flows generally in a north-south direction to its outlet at M'Bahiakro. The density of the hydrographic network decreases from south to north. The climate is characterized by a transitional tropical regime (Sudanese-Guinean climate), with annual rainfall less than 1,200 mm in the north. The south of the basin is characterized by a humid tropical regime (Baouléan climate) with annual rainfall between 1200 and 1600 mm/year (Kouassi et al., 2022). The main soil types are moderately desaturated ferralitic soils (North) and highly desaturated ferralitic soils (Center and South) (Kouassi et al., 2019).
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                         Figure 1: Presentation of the Study Area
2.2 Methodology
2.2.1 Acquisition of Satellite Images
The satellite images used for the diachronic analysis of land use were obtained from the Landsat 8 (OLI/TIRS) sensor, downloadable from the USGS Earth Explorer platform ([https://earthexplorer.usgs.gov/]. The choice of these images is based on their 30 m spatial resolution, radiometric stability, and free accessibility, which together ensure consistent temporal comparison. The scenes (197_055, 197_054, 196_054, and 196_055) were selected based on their low cloud cover (<10%) and their acquisition during the dry season, in order to minimize biases related to seasonality. The table below presents the main characteristics of the images used: 
	Acquisition Date
	Download Date
	Scene ID

	26/01/2024 – 27/02/2024
	20/10/2025
	196_054 et 197_054

	19/12/2024 – 27/12/2024
	20/10/2025
	196_055 et 197_055

	07/01/2020 – 23/08/2020
	22/10/2025
	196_054 et 197_054

	
	22/10/2025
	196_055 et 197_055

	11/12/2015 – 08/09/2020
	27/10/2025
	196_054 et 197_054

	27/12/2015 – 08/09/2020
	28/10/2025
	196_055 et 197_055


Table I: Main Characteristics of the Images Used

2.2.2 Preprocessing of Satellite Images
The raw Level-1 images were subjected to preprocessing steps aimed at correcting atmospheric and radiometric effects prior to analysis:
· Radiometric and atmospheric correction performed using the Semi-Automatic Classification Plugin (SCP) in QGIS 3.4.1;
· Conversion to surface reflectance to normalize spectral bands across the different acquisition dates;
· Clipping based on the hydrological boundaries of the study watershed;
· Mosaicking of the scenes to obtain complete and homogeneous coverage of the study area.
2.2.3. Land Use Classification
Land use classification was performed for each of the three years (2015, 2020, and 2024) using the supervised Maximum Likelihood method.
The classes selected for the land use typology are:
1. Bare soil and settlements
2. Dense forests
3. Degraded forests
4. Savanna
5. Croplands and fallows
6. Water

2.2.4. Accuracy Assessment of Classification
The reliability of the classifications was evaluated using a confusion matrix, comparing the assigned classes with independent reference points. Overall accuracy and Kappa indices were calculated to quantify the quality of the classification. An overall accuracy greater than 85% was considered nearly perfect or satisfactory.

2.2.5. Land Use Dynamics Analysis

The land use maps obtained for the three dates were cross-analyzed to highlight the spatial and temporal changes of the different classes. The diachronic analysis consisted of :
· Determining the rates of change between the periods 2015–2020 and 2020–2024;
· Identifying the dominant transitions ;
· Producing a land use dynamics map illustrating the changes observed over the period 2015–2024.

2.2.6 Cartographic Production and Interpretation
The final maps were produced using QGIS 3.4.1, incorporating standard cartographic elements: title, legend, orientation, scale, geographic coordinates, and data sources.
The interpretation of results was based on comparing the observed trends, allowing for the assessment of the extent of anthropization and the spatio-temporal dynamics of the ecosystems in the study area.

3. results and discussion
3.1 Results

The diachronic analysis of land use maps for 2015, 2020, and 2024 reveals a rapid and profound transformation of the landscape in the N’Zi watershed, dominated by a progressive intensification of agricultural activities and a continuous decline of forest formations (figure 2).
In 2015, the landscape matrix was still largely structured by bare soil and settlement areas savanna, and water bodies. Over the decade, dense forest experienced a marked decrease: it first fragmented between 2015 (17.47) and then reduced further in 2020 (11.28) into scattered remnants, reflecting active deforestation and increasing anthropogenic pressure. This dynamic was accompanied by a pronounced expansion of croplands and fallows, which became the most dynamic land use class during the period. Agricultural activity intensified from 2020 in the central and southern parts of the watershed, becoming dominant by 2024, replacing both savanna and forest formations. Degraded forests increased significantly between 2015 and 2020, reflecting the growth of informal exploitation activities, bushfires, and selective logging; however, after 2020, these areas decreased in favor of fallows, savanna, and especially croplands, indicating a progressive conversion of degraded lands into agricultural or agro-silvo-pastoral systems.
Meanwhile, savanna expanded steadily in the northern and central parts of the watershed, driven by the opening of forested areas and changes in local ecological conditions. Bare soil and built-up areas increased slightly but continuously, reflecting the expansion of villages, the creation of rural tracks, the establishment of agricultural plots, and the development of small infrastructure.
Finally, water bodies remained generally stable, although some areas showed signs of contraction or fragmentation due to siltation of lowlands, intensification of recession agriculture, and recent hydro-climatic variability. Altogether, these dynamics point to a landscape increasingly dominated by agriculture, with major implications for natural resource sustainability, soil conservation, and watershed planning in the N’Zi basin. 

[image: ]                                   Figure 2: Land Use Dynamics in the N’Zi Watershed at M’Bahiakro
3.2 Discussion

The marked transition from forest cover to savannas and agricultural lands observed between 2015 and 2024 in the N’Zi basin is consistent with dynamics reported in other regions of West Africa. Several studies have highlighted that Côte d’Ivoire continues to experience one of the highest deforestation rates in the world, mainly due to cash crop cultivation, the expansion of food crops, and population growth (Hansen et al., 2013; Kouassi et al., 2021).
The expansion of arable land, particularly between 2020 and 2024, reflects the growth of commercial crops (cocoa, cashew), which are the main drivers of land-use change in Côte d’Ivoire (; Ruf & Varlet, 2019; Ouattara et al., 2021; Kalischek et al., 2023). The remarkable rise of cashew cultivation in central Côte d’Ivoire is a major factor in the conversion of wooded savannas and secondary forests (Akpa You et al., 2019; Soro et al., 2020). In areas similar to the N’Zi basin, Traoré et al. (2024) confirmed that extensive agriculture, combined with fuelwood harvesting, significantly reduces forest connectivity and accelerates fragmentation.
The expansion of savannas aligns with the process of savannization, defined as the transition from an open or forested system to a system dominated by herbaceous vegetation, often irreversible. Mechanisms identified in the literature—recurrent fires, decline in woody biomass, fire–vegetation feedbacks, and droughts—are consistent with the trends observed in the N’Zi basin (Beckett & Bond, 2022; Staver et al., 2020; Abreu et al., 2021). Schwantes Marinho et al. (2022) showed that extreme fire events followed by annual burnings prevent the recovery of forest cover and promote the establishment of a stable, tree-poor savanna. Uncontrolled agricultural expansion increases soil vulnerability. These findings corroborate those of Tellen, et al. (2020); Abindaw et al (2023) and Saravia‑Maldonado et al; (2024) who illustrated the impact of land use on the deterioration of the physical and chemical properties of tropical soils.
In Côte d’Ivoire, several recent studies (Koffi et al., 2024; Angaman et al., 2024) demonstrate that vegetation cover degradation, combined with agricultural pressure, significantly increases the vulnerability of land to erosion, particularly in plateau and forest–transition areas.

CONCLUSION
This study examines land use dynamics and the vulnerability of cultivable lands in the N’Zi watershed at M’Bahiakro (Central–Eastern Côte d’Ivoire) between 2015 and 2024. Satellite images from 2015, 2020, and 2024 were preprocessed to correct radiometric and atmospheric effects and classified using the supervised Maximum Likelihood method into six land use classes: bare soil and settlements, dense forests, degraded forests, savanna, croplands and fallows, and water. Classification accuracy, assessed using a confusion matrix, exceeded 85%, ensuring reliable results.
Diachronic analysis reveals a rapid and significant landscape transformation: a sharp decline in dense forests, progressive expansion of savannas and croplands, and marked intensification of agricultural activities, particularly in the central and southern parts of the watershed by 2024. Degraded forests increased between 2015 and 2020 before decreasing in favor of croplands and fallows. Bare soil and built-up areas increased slightly, while water bodies remained largely stable. These changes reflect increasing anthropogenic pressure and the ongoing conversion of natural and degraded areas into agricultural lands.
The results fully meet the study objectives: (i) they characterize the spatio-temporal dynamics of land use, highlighting deforestation, fragmentation, and agricultural expansion; (ii) they provide preliminary assessment of cultivable land vulnerability, which is highly exposed to erosion, soil degradation, and long-term productivity loss. These dynamics call for sustainable land management strategies, including restoration of residual forest cover, rational intensification of agriculture, protection of sensitive areas (headwaters and lowlands), and integration of sustainable land management principles into local and national policies. 

Perspectives and Limitations*

This study provides key insights into land use dynamics and the vulnerability of cultivable lands in the N’Zi watershed, useful for agricultural planning and soil conservation.
However, certain limitations exist: reliance on satellite imagery may introduce classification uncertainties, and local socio-economic factors were only partially considered. The study period (2015–2024) also does not capture some long-term trends.
Future research should integrate predictive models, such as Markov chains, CA-Markov, Land Change Modeler, or machine learning approaches (Random Forest, Gradient Boosting), to anticipate land use changes and assess land vulnerability under different scenarios. Combining these models with field surveys and socio-economic data would provide a more integrated and precise framework for sustainable watershed management.
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