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Abstract

Land use dynamics are a fundamental variable influencing human activities and the environment. Planning agricultural practices and combating environmental degradation must therefore take this into account. The aim of this study is to understand the environmental transformations that occurred between 1999, 2009 and 2019 as a result of land use dynamics. To achieve this, a methodological approach combining digital processing of 30×30 metre resolution LANDSAT TM temporal images of the years 1999, 2009 and 2019 based on object recognition from fieldwork using Geographic Information System (GIS) tools and a literature review was adopted. The results obtained by analysing the time series of LANDSAT TM images showed that: over the three periods, the area of natural vegetation formations such as open and dense vegetation decreased by more than 21%, while anthropogenic formations increased by 24% in the province of Kossi. For example, 87% of respondents said that bushfires and the increase in the area planted with crops were responsible for environmental degradation. Generally speaking, the natural environment in the Kossi has undergone a major transformation, and human activities are responsible for this. The practice of extensive, space-consuming agriculture by the majority (97.23%) of the population, using unsuitable farming techniques, is the source of the decline in natural formations. Bare soil has declined by more than 40%, which shows that people are using techniques to reclaim degraded land.
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Introduction

On a global scale, the increase in the number of satellite images acquired and the technological advances made in processing them have made it possible to produce homogeneous land cover inventories that are compatible with other sources of information and to summarise the main spatial dynamics of the earth's surface (Sparfel, 2011). The rational management of natural resources, which is becoming a greater necessity every day, presupposes better knowledge, and if possible precise measurements, of natural resources that are used, usable, degraded or disappearing. Medium-resolution sensors on board satellites have enabled more specific studies and monitoring of vegetation on a terrestrial scale. Applications for medium- and high-resolution sensors include mapping land cover (on a global or regional scale respectively), estimating agricultural yields, monitoring forest fires, monitoring natural disasters (floods, fires, etc.), tracking marine currents, measuring human activity (urbanisation, deforestation, etc.) and studying climate-vegetation interactions. (UVED, 2008 quoted by F. Crutzen, 2017)
Changes in land use and occupation, because of the impact they can have on the environment, should no longer be considered in the short term. In this way, man can act on the environment without the repercussions of his actions being immediately perceptible. It is not uncommon to find that individual or collective actions such as development operations have harmful consequences for the environment 10, 20 or 30 years later (Houet, 2006). As a result, land degradation is a fairly complex environmental issue that affects every country in the world, given the demographic explosion. 
Moreover, according to projections, the world's population is set to rise from 7.7 billion in 2019 to 9.7 billion in 2050, and annual global consumption of natural resources (biomass, fossil fuels, metals and minerals, in particular) could more than double by 2060, with the prospect of further damage to the environment as a result of increased production, consumption and waste volumes (FAO, 2022). The West African country of Burkina Faso is no exception. Plant resources are dwindling, while the needs of agriculture and livestock farming are increasing. The forest loses 105,000 hectares of its surface area every year, and 150,000 according to other estimates (MEF, 2010). 
Furthermore, changes in the country's land use patterns are dependent on endogenous factors such as the dynamics of extensive (space-consuming) agriculture using unsuitable production techniques, land tenure and exogenous factors such as climate variability and climate change, which are having a negative impact on the country's arable land. In other words, land degradation is closely linked to the dynamics of land use and its evolution over time and space. 
Located in the north-west of Burkina Faso, the province of Kossi is an agricultural area where human activities have an impact on land-use units. To find out more, this study and research aims to analyse the dynamics of land use and its evolution between 1999, 2009 and 2019 in the province of Kossi.

Theoretical framework

From a theoretical point of view, this research forms part of the vast field of geography and planning. It uses concepts from geographic information systems, remote sensing and analytical cartography. The spatio-temporal dynamics of land use is a cross-cutting theme that has been addressed by researchers from a variety of backgrounds. The work of Houet (2006), Sparfel (2011), Koumoi et al. (2013), Kpedenou et al. (2016), Djohy et al. (2017), Mballo and Sy (2019), Biga et al. (2020), Nangndi et al. (2021), Kiansi et al. (2021). 
In addition, the work of Adama (2015) on the dynamics of rural landscapes and production systems in the commune of Orodara (western Burkina Faso) was analysed over the periods 1992, 2002 and 2014. These results show that the dynamics of land use show an increase in the area under associated crops (49% in 2015). Spatial analysis shows a transformation of the landscape into parks dominated by Anacardium occidentale (cashew) and Mangifera indica (mango). The presence of trees provides ground cover and protects cereal crops against high temperatures (moisture conservation in the undergrowth) and strong winds (windbreak effect). Similarly, investigations by Kiansi et al (2021) into the spatio-temporal dynamics of agrarian spaces in the Pendjari community of communes in north-west Benin show that socio-economic activities and natural conditions influence the dynamics of agrarian space occupation. These authors point to an increase of more than 20% in farmland between 1997 and 2017. The surface area of these areas increased from 33555.13 ha in 1997 to 198128.95 ha in 2017. The rate of conversion of these agrarian units within the Pendjari Community of Communes is 8.88%. This corresponds to an average spatial expansion of just 26.18% over 20 years. The conclusions of the research by Sparfel (2011) show that the use of heterogeneous data to produce information on changes in land use is therefore entirely feasible, provided that a quantitative and qualitative assessment of the quality of the data used and the data produced is carried out.
Furthermore, the work of Bene and Fournier (2014) shows that the very strong demographic pressure in the Kotoudéni terroir has resulted, as elsewhere in Burkina Faso, in a concomitant increase in cultivated land. In 1956, only 20% of the land was farmed, but in 2010, more than half of the land is cultivated. Orchards, which were absent from the village in 1956, already covered a significant area in 1999. They first appeared in the early 1970s, but have grown enormously, especially since 1999, and now cover almost a quarter of the terroir. During our visit to the site, it was clear that arboriculture was continuing to grow at a dizzying pace.
These various studies show that: several approaches to studying land cover dynamics exist and vary according to the scientific disciplines and spatial scales of analysis (Verburg, 2000 quoted by Kpedenou et al. (2016). The aim of this study and research is to analyse the spatial and temporal dynamics of land use in Kossi province, based on the periods 1999, 2009 and 2019. To achieve this, a cartographic approach combined with the use of geographic information systems and remote sensing is useful for analysing the dynamics of land use and its evolution in order to identify development options.


Method and  study area

Geographical context

The province of Kossi is located in the north-west of Burkina Faso (Figure 1). It lies between 12° 22' 00'' and 13° 30' 00'' north latitude and between 3° 26' 00'' and 4° 22' 00'' west longitude. In terms of climate, it is part of the Sudano-Sahelian zone, with isohyets ranging from 900 to 600 mm. The rainy season runs from May to September, while the dry season extends from October to April. This climatic position is one of the reasons for the diversification of agricultural production in the province. Cereals and cash crops are grown here. Cereal crops are dominated by millet, sorghum (a staple food), maize and rice, while cash crops include cotton, sesame, watermelon, groundnuts and fonio. 
The geological lithology is made up of dolerites, terminal continental and sedimentary cover, which occupy 0.12%, 39.92% and 59.95% of the provincial territory respectively. Resulting from the geological formations of the Kossi province under the effect of erosion, the geomorphological units are subdivided into crystalline, sedimentary and terminal continental formations.

Method

The methodological approach adopted is that of analytical and diachronic cartography based on the use of geographic information systems and remote sensing. Three satellite images were required for this study. These were LANDSAT TM 1999, 2009 and 2019 (Figure 2). The characteristics of these three images are shown in table 1.
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Figure 1. Kossi Province


[image: ]
IMAGE LANDSAT TM 2009 

[image: ]
IMAGE LANDSAT TM 1999 











[image: ]
IMAGE LANDSAT TM 2019 













Figure 2. LANDSAT TM images 1999, 2009 and 2019
Table 1. Characteristics of the Landsat scenes selected

	Path
	Row
	Acquisition date
	Sensor
	Mode
	Spectral band

	
	
	
	
	
	Number of band
	Spectral resolution

	196
	51
	22/10/2000
	LE7
	Multi-spectral
	8
	30

	197
	51
	29/10/2000
	
	
	
	

	196
	51
	06/10/2009
	LT5
	Multi-spectral
	7
	30

	197
	51
	13/10/2009
	
	
	
	

	196
	51
	18/10/2019
	OLI
	Multi-spectral
	11
	30

	197
	51
	26/10/2019
	
	
	
	


Source: USGS EarthExplorer

These images were processed to generate land use maps using a cartographic approach. We used the image mosaic to merge the two scenes because the study area extends over both images. We also used LANDSAT 8 OLI because it was the best resolution image available in October, replacing an ETM scene whose image quality was not usable at that time. These images date from October 1999, 2009 and 2019. This choice was justified by their availability and quality. In addition, the period chosen made it easier to differentiate between fields and other land-use units. The images were processed using ENVI software. ARCGIS 10.3 software was used to vectorise the various layers and produce the cartographic layout.
Two stages were essential for mapping land use: fieldwork, processing, smoothing and vectorisation of the various land use units. The field trip took place in 2021. It provided the basis for observations and descriptions of the land-use units, as well as GPS measurements of the geographical coordinates used to select the various land-use units. The spatial analysis was completed by surveys of 150 family farmers in the localities of Nouna, Barani, Bomborokui, Bourasso and Djibasso. The choice was made on the basis of the importance of the locality in the process of land-use dynamics and its geographical position. A total of 30 heads of household were surveyed in these localities. These surveys enabled us to get people's views on the dynamics of land use in the study area.

Landsat TM image processing stages: 
(i) Pre-processing: this was carried out in two stages: geometric correction and choice of colour composition; 
(ii) Geometric correction: for the processing results to be consistent, the images from the different decades must be superimposable; 
(iii) Choice of colour composition: the colour composition chosen for image processing was 5/4/3. 
(iv) Image processing: the method used for image processing is supervised classification. The classification algorithm used is Maximum Likelihood.

This method is based on a priori knowledge of the area studied. The classes and their spectral characteristics are defined before classification on the basis of training sites which are representative samples of the classes: post-processing; smoothing and vectorisation. 
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Results

Figure 2 shows the Dynamics of land occupation and use in Kossi province in 1999, 2009 and 2019.
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Figure 2. Dynamics of land occupation and use in Kossi province in 1999, 2009 and 2019
Land cover in 1999

In 1999, natural formations (dense, open vegetation) occupied 79,225 ha, or approximately 10.70% of the province's surface area (Figure 2-A). They are concentrated in the north-eastern and south-eastern parts of the province. At that time, human activity for agricultural purposes was very firmly rooted in the province. Fields accounted for 74.11% and were scattered throughout the province. Vegetation barely extended beyond rocky outcrops, which covered 8.30% of the province. Bare soil (4.39%) was found in the north and extreme south-west of Kossi province. Water (2.50%) was located in the flood zone (Figure 3).


Figure 3. Land use units in 1999

Land cover in 2009

Calculations based on the 2009 land cover map show that fields occupied 84.48% (Figure 2-B) of the provincial area. They were scattered throughout the study area. Natural formations (dense, open vegetation) accounted for more than 10% and were concentrated in the central-eastern and extreme south-eastern parts of the province. Water (1.35%) was located in the central-eastern part of the province and in the flood zone. Bare soil (2.19%) was located in the north of the province in the Kombori region. Rock outcrops (1.52%) were scattered throughout the study area (Figure 4).

Figure 4. Land use units in 2009
Land use in 2019

In 2019, natural formations accounted for 20.5% (Figure 2-C) and were located in the south-east, central-east and north-east of the study area. The fields (67.66%) were spread throughout the province. Bare ground (1.04%) was located in the north-west of the Kossi. Rocky outcrops (9.38%) were concentrated in the north-west of the province, while water occupied only 1.42% of the provincial surface area (Figure 5).


Figure 5. Land use units in 2019


Changes in land use

Changes in land use from 1999 to 2009

A review of the period from 1999 to 2009 shows that natural formations (light, dense vegetation) declined by 21.33%, as they are the most heavily exploited for agricultural purposes. Over the same period, man-made formations (fields) increased by 14%. The province of Kossi is a potentially agricultural area, with cereal, fruit and cash crops. The water level also fell by more than 45%, reflecting the intensity of rice-growing activities in the area. Rocky outcrops and bare soil have declined by 81% and 50% respectively.

Changes in land use from 2009 to 2019

The balance sheet for the period 2009 to 2019 shows that natural formations increased by 19.15% at the expense of man-made formations. According to 87.10% of those surveyed in the field, fallow fields accounted for 37.10% of agricultural land during the same period. This situation has led to an increase in natural formations. Anthropogenic activities are the main causes of the degradation of the vegetation cover in Kossi province, following fieldwork carried out with local people. The practice of extensive, space-consuming agriculture by the majority (97.23%) of the population, using unsuitable farming techniques, is the source of the decline in natural formations. Bare soil has declined by more than 40%, reflecting the fact that people are using techniques to reclaim degraded land. Indeed, 78.27% of respondents practise these methods. These land reclamation methods are based on depositing organic manure (family farmers put two handfuls of organic manure, generally animal excrement, in the basins as soon as the rains begin, i.e. in May. Attracted by the organic manure, termites dig galleries in the basins. The water from the first rains creates very deep pockets of moisture in the troughs that resist evaporation), stone cordons (this consists of judiciously aligning the stones across the field following the contour lines. The principle of stone cordons is to slow down the speed of groundwater run-off, to infiltrate as much of this water as possible into the soil, and to evacuate excess water), and agroforestry.

Changes in land use from 1999 to 2019

The balance sheet for the period 1999 to 2019 shows an increase in man-made formations (fields) of more than 24%, while natural formations have declined by 21%. In fact, the practice of vegetation fires (87% of respondents) and the increase in the area sown (77.77% of respondents believe they increased the size of their fields during the analysis period) are the source of the decrease in vegetation cover in the area, as shown in Tables 2, 3 and 4 respectively of the confusion matrices for the classification of the LANDSAT TM 1999, 2009 and 2019 images.

Table 2. Confusion matrix for the classification of the LANDSAT TM 1999 image

	Occupancy units
	Lake
	Field
	Rocky outcrop
	Bare ground
	Dense vegetation
	Light vegetation
	a
	b

	Lake
	108.00
	0.00
	0.00
	0.00
	1.00
	0.00
	1.82
	98.18

	Field
	1.00
	109.00
	2.00
	0.00
	1.00
	2.00
	0.91
	99.09

	Rocky outcrop
	1.00
	0.00
	89.00
	5.00
	2.00
	0.00
	21.93
	78.07

	Bare ground
	0.00
	0.00
	23.00
	126.00
	0.00
	0.00
	3.82
	96.18

	Dense vegetation
	0.00
	1.00
	0.00
	0.00
	131.00
	3.00
	4.38
	95.62

	Light vegetation
	0,00
	0.00
	0.00
	0.00
	2.00
	130.00
	3.70
	96.30

	Total
	110.00
	110.00
	114.00
	131.00
	137.00
	135.00
	-
	93.91

	c
	0.92
	5.22
	8.25
	15.44
	2.96
	1.52
	-
	-


a : Error of omission (%) ; b : Overall accuracy (%) ; c : Commission error (%)

Table 3. Confusion matrix for LANDSAT TM 2009 image classification

	Occupancy units
	Lake
	Field
	Rocky
outcrop
	Bare ground
	Dense vegetation
	Light vegetation
	a
	b

	Lake
	143.00
	0.00
	1.00
	5.00
	2.00
	3.00
	2.05
	97.95

	Field
	0.00
	111.00
	1.00
	0.00
	0.00
	0.00
	0.00
	100.00

	Rocky outcrop
	0.00
	0.00
	112.00
	0.00
	0.00
	0.00
	1.75
	98.25

	Bare ground
	3.00
	0.00
	0.00
	102.00
	0.00
	0.00
	4.67
	95.33

	Dense vegetation
	0.00
	0.00
	0.00
	0.00
	135.00
	0.00
	1.46
	98.54

	Light vegetation
	0.00
	0.00
	0.00
	0.00
	0.00
	108.00
	2.70
	97.30

	Total
	146.00
	111.00
	112.00
	107.00
	137.00
	111.00
	-
	97.90

	c
	7.14
	0.89
	0.00
	2.86
	0.00
	0.00
	-
	-


a : Error of omission (%) ; b : Overall accuracy (%) ; c : Commission error (%)




Table 4. Confusion matrix for LANDSAT TM 2019 image classification

	Occupancy units
	Lake
	Field
	Rocky
outcrop
	Bare ground
	Dense vegetation
	Light vegetation
	a
	b

	Lake
	011.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	100.00

	Field
	0.00
	860.00
	0.00
	0.00
	0.00
	0.00
	0.00
	100.00

	Rocky outcrop
	0.00
	0.00
	837.00
	0.00
	0.00
	0.00
	0.00
	100.00

	Bare ground
	0.00
	0.00
	0.00
	574.00
	0.00
	0.00
	0.00
	100.00

	Dense vegetation
	0.00
	0.00
	0.00
	0.00
	026.00
	0.00
	0.00
	100.00

	Light vegetation
	0.00
	0.00
	0.00
	0.00
	0.00
	641.00
	-
	100.00

	Total
	011.00
	860.00
	837.00
	574.00
	026.00
	641.00
	-
	100.00

	c
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-
	-


a : Error of omission (%) ; b : Overall accuracy (%) ; c : Commission error (%)

In satellite image analysis, confusion matrices remain a reliable method for checking the accuracy of a classification. They are based on a comparison between the training sites selected and classified by the user and the same training areas reclassified by the image processing software, i.e. after final classification. These comparisons are expressed in percentages. Above 60%, the classification is considered acceptable, and between 70% and 80% the classification is good. Above this level, the classification is extremely reliable. Tables 2, 3 and 4 show that errors of omission and commission are negligible. The classification accuracy is around 93.91%, 97.90% and 100% respectively for the 1999, 2009 and 2019 images (Figure 2). This corresponds to a reliable level of classification.


Discussion

An examination of land-use dynamics (1999, 2009 and 2019) in the province of Kossi in north-west Burkina Faso shows a decline in natural formations (light, dense vegetation) in favour of anthropogenic formations (fields). Between 1999 and 2019, i.e. in 20 years, natural formations declined by 21%. These results are similar to those obtained by Kouya (2010) in south-west Togo, Adjonou et al. (2010) in Togo, Koumoi et al. (2013) in central Togo, Adama (2015) in western Burkina Faso, Kpedenou et al. (2016) in south-eastern Togo, Djohy et al. (2017) in northern Benin, and Nangndi et al. (2021) in Chad. 
The work of Millogo et al. (2017) in the Bam province of Burkina Faso, based on the use of aerial photographs, also produced results similar to ours.  Interpretation of these aerial photographs from 1982, 1995 and 2008 revealed four land-use units. These are cultivated areas, open savannahs, mounds and bare areas. The authors also show an increase in the surface area of fields to the detriment of natural formations. The results of this research show that the decline in natural formations is mainly due to agro-sylvopastoral activities in the study area. 
The diversification of agricultural production with the cultivation of several crops and the practice of various forms of livestock rearing (Sanogo, 2017) are sources of land degradation and, by extension, the decline in plant formations. According to Stoeffler (2009) 'diversification therefore responds to this uncertain world in which farmers produce. First of all, rainfall is uncertain, and affects the different crops and plots unevenly: if, one year, there is not enough water for rice, there may be plenty for millet; conversely, water may flood the millet field but be at an ideal level for rice.  There are many types of damage that cannot be anticipated: too much water (25% of plots having suffered damage), not enough water (8%), invasion by weeds (40%), parasites, worms or diseases (17%), attacks by wild (1%) or domestic (2%) animals, etc. The hazards do not only concern rainfall and other sources of crop damage: supply of inputs, including essential ones such as seeds, marketing conditions, starting with prices, but also family problems affecting production, such as death or illness".
These results are shared by Djohy et al (2017). These authors show that plant formations decreased from 173600 ha in 1990 to 165853 ha in 2000 and 141169 ha in 2010, i.e. a regression of 32431 ha (6.75%) between 1990 and 2010, while anthropogenic activities increased their surface area from 61131 ha in 1990 to 68745 ha in 2000 and 92496 ha in 2010, i.e. 14.10%. This decline in plant formations is particularly critical. Wooded savannahs and forests are being destroyed to create arable land, particularly for cotton growing. This destruction of plant cover leads to soil degradation.
The results of this research also showed that the water level had shrunk by more than 45%, reflecting the intensity of rice-growing activities in the locality. Rice production in the province of Kossi is based on water management by local stakeholders. In other words, this spatial management of water enables the players in the rice sector to produce enough to feed the local population and to export surplus production to the rest of the country. T. Houet (2006) agrees. He shows that spatial management of water requires action on a local scale, both in terms of allocating land use and maintaining, restoring or even rehabilitating landscape structures. The success of these actions presupposes a concerted vision of the territories by the various players and managers involved.
The investigations carried out in this study showed that bare soil had been reduced by more than 40%, testifying to the use of techniques to reclaim degraded land by local people. Indeed, 78.27% of those surveyed were using these methods. These restoration techniques have contributed to the practice of agricultural activities on the restored land. For example, T. Leménager et al (2014) report that in the community savannah in the north-east of Limpopo province, South Africa, environmental degradation, resulting from the uncontrolled extraction of natural resources (firewood, medicinal plants, grazing) exacerbated by poverty, has reached record levels, endangering the national park, an emblem of global biodiversity conservation. To remedy this situation, the authors report that in 2004, the local non-governmental organisation (NGO) Africa's Rural Initiatives for Sustainable Environments (ARISE) launched a Restoration of Natural Capital (RNC) operation with the aim of enabling these communities to obtain a whole range of goods and services (fertile soil, regulation of water flow, water purification, etc.) and to adopt new methods of land management.
All in all, the province of Kossi is witnessing a decline in natural formations (degradation of the plant cover) in favour of anthropised formations characterised by an increase in the number of plots of cultivated land. It would therefore be desirable for local stakeholders to put in place a local agreement to ensure the sustainable and equitable use of natural resources in Kossi province.


Conclusion 

Investigations into the dynamics of land use in the province of Kossi, in north-west Burkina Faso, over the periods 1999, 2009 and 2019, using satellite images, reveal the existence of six land use units (rocky outcrops, fields, bodies of water, bare soil, light vegetation, dense vegetation). Diachronic analysis shows a regressive trend from natural formations to man-made formations. In the space of 20 years, natural formations have lost 21% of their surface area. At the same time, man-made formations have increased in area by more than 24% over the 20 years of diachronic study. This increase is due to agro-sylvo-pastoral activity, which consumes space and consequently destroys vegetation. 
In addition, the cartographic approach combined with the use of geographic information systems and remote sensing has shown that satellite images are essential for characterising and analysing the environmental dynamics of the Kossi province. It would be wise for the public authorities to take these aspects of land-use dynamics into account in their development programmes, in order to improve the living and working conditions of the local population.
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1999	%	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	8.2955763197847393E-2	0.74108020650755924	2.5044466556996544E-2	4.3941899738861305E-2	7.4968742226644578E-3	9.948078977607111E-2	1999	Superficie (ha)	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	61434.815688261828	548824.1460503171	18547.260945214774	32542.193663032631	5551.9841943835363	73672.80763651921	

1999	%	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	1.5139039481316244E-2	0.84482676362802456	1.3463355577710735E-2	2.1904448874874288E-2	2.6413435370436986E-2	7.8252957067637186E-2	1999	Superficie (ha)	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	11211.566907533917	625656.0594468721	9970.6003175242477	16221.847788718313	19561.082344685849	57952.042793663059	

1999	%	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	9.3753807616872034E-2	0.67655754938543233	1.4195253760500936E-2	1.0432270745675289E-2	9.5447310269197144E-2	0.10961380822232228	1999	Superficie (ha)	
Rocky outcrop	Field	Body of water	Bare ground	Light vegetation	Dense vegetation	69431.55654241622	501040.3837283685	10512.624384642037	7725.860042977044	70685.71920682925	81177.047811422599	
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LAND OCCUPANCY DYNAMICS IN 1999

LAND OCCUPANCY DYNAMICS IN 2009

LAND OCCUPANCY DYNAMICS IN 2019
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