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Abstract

In Burkina Faso, the natural environment is subject to continuous degradation of its forest
resources. If the phenomenon is recurrent in rural areas, urban forests are considered to be land
reserves that are exposed to exploitation rather than to the preservation of the environment and its
biodiversity. To remedy this, Burkina Faso developed a policy for the development of classified
forests in 1981, to guarantee balanced exploitation of its forest resources. Such initiatives,
combined with the decentralization of power to local authorities over the past three decades,
require a closer look at the development of classified forests in the context of climatic variability.
The classified forests of Dinderesso and Kua, located in the urban commune of Bobo-Dioulasso,
are illustrative cases. The objective of this study is to analyze the factors that contribute to forest
degradation and the management practices adopted by stakeholders and community groups. A
diachronic study was carried out on the dynamics of plant cover in the classified forests of
Dinderesso and Kua in 1988, 2003 and 2018, coupled with an analysis of climatic parameters
(1988-2018). The results show that the agricultural production system, the cutting of wood for
energy, pastoral practices, and water stress linked to rising temperatures have a negative impact
on the development of peri-urban forests. A diachronic analysis of land use units reveals an
improvement in forest resources thanks to participatory management by local people, supported
by development activities carried out by projects.

Keywords: Burkina Faso, Bobo-Dioulasso, classified forests, degradation, participatory
management, Peri-urban

Introduction

With a very fragile ecological environment, Burkina Faso is faced with environmental problems
that have become increasingly pronounced since the 1970 drought. Natural ecosystems are thus
subject to the dynamics linked of climate change, particularly persistent droughts. The various
reports by the Intergovernmental Panel on Climate Change (IPCC, 2007) highlight that the impacts
of climate change could have significant consequences for the growth and survival of forest stands.
Added to this is the complexity of the various substantial factors in forest degradation. These are
essentially the clearings linked to the expansion of farmland, the consumption of wood for energy,
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and population growth. Furthermore, Africa is the continent where the use of wood as a source of
domestic energy will continue to grow over the coming decades (Gueye, 2000). However, one of
the objectives of the management of classified areas around urban centers in Burkina Faso is to
meet the wood-energy needs of the population. This is the case of the peri-urban classified forests
of the city of Bobo-Dioulasso. However, it is imperative to note that the harvesting of forest
resources exceeds their capacity for renewal (Dessay, 2006). Therefore, it is necessary for those
involved in development to find the right balance between urban development and protecting the
resources of classified forest estates around towns. In view of this loss of forest resources, in 1981
Burkina Faso formulated a policy for the development of classified forests to reduce the difficulties
associated with forest management. The aim of this policy is to guarantee balanced exploitation of
the country's forest resources (Sanou, 2010). But the challenge remains the control of space and
the management and protection of the environment. Decentralization is the framework through
which this policy is implemented. It gives territorial or local authorities the right to administer
themselves freely, to promote grassroots development, and to strengthen local governance. One of
the powers and responsibilities transferred from the central government to local authorities is the
management of forestry resources. This policy is accompanied by the Schemas Directeurs
Amenagement and Urbanisme (SDAU). Bobo-Dioulasso's SDAU aims to harmonise the
development of the local.

Despite these measures, the preservation of classified forests in Burkina Faso still faces
many difficulties. Those of Dindéresso and Kua in the commune of Bobo-Dioulasso are illustrative
given the increasing degradation of their resources. The objective of this research is to determine
the factors of degradation of the peri-urban forests of Dindéresso and Kua. A systemic approach
combined with geomatics tools has made it possible to take into account all the different
geographical elements and the spatio-temporal evolution of forest.

Method and study area
Study area

Located between 11°11' 00" North longitude and 4°17' 00" West latitude, Bobo-Dioulasso is the
capital of the Hauts Bassins region, Houet province. The classified forests of Dinderesso and Kua
are located on the outskirts of the city (Figure 1). The Dinderesso classified forest is located north-
west of the city and covers an area of 8,500 ha. It is bounded to the north by national road 09
(RNO09) and to the south by regional road 18 (RR18). The Kua classified forest covers an area of
350 ha. It is crossed by the RN1 (Ouagadougou-Bobo-Dioulasso).

The peri-urban nature of the classified forests of Dindéresso and Kua exposes them to
accelerated urbanization, which degrades these natural ecosystems, as is the case with the national
parks of Banco in Abidjan, Bangr-Weéogo in Ouagadougou, Bangui in the Central African
Republic, and their peripheries in recent decades (Gnoumou et al., 2008). The area has benefited
from a support project for the participatory management of natural resources in communal forests
as part of the cooperation between Burkina Faso and Luxembourg. From 2002 to 2006, the
management project focused on the Dinderesso classified area. It was extended from 2006 to 2012
to include the Kua entity in order to improve the resources of these peri-urban forest areas.
Currently, these forest formations are undergoing the expansion of the city with its corollaries in
real estate needs and employment, all of which rhyme with population growth. For the purposes
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of the survey in the Dinderesso classified forest, sector 22 of district 7 of the commune and the
village of Dinderesso were selected. For the Kua classified forest area, the village of Pala and
district 4 (sectors 33) of the same city were selected for the survey. These different localities are
in the vicinity of the two forests.
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Figure 1. Location of Dinderesso and Kua forests in the commune of Bobo-Dioulasso
Data collection methods

The data required for this study came from a variety of sources. Using Landsat TM and ETM+
satellite images from 1988, 2003, and 2018, a diachronic approach was used thanks to the
Geographic Information System (GIS). Indeed, thanks to its ability to store and combine multi-
source information, GIS allows for more details on land use patterns and the organization of
society, to materialize phenomena and to refine research objectives (Calbérac, 2010; Franchomme,
2010). The National Topographic Database (BNDT) of the Burkina Faso Geographic Institute
(1GB) from 2014 was used for map production.

Climatic data was collected on rainfall and temperature, which were collected from
Burkina Faso's National Meteorological Agency and cover the period from 1988 to 2018.
Socioeconomic data were collected from people living near the two forests through surveys
conducted in 2022. Demographic data for the study area were provided by the National Institute
of Statistics and Demography (INSD). These are the figures obtained in the latest General Census
of Population and Housing (RGPH) for 2019 (INSD, 2020). The open source software GRASS
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GIS 7 and QGIS 3.10 were used for image processing and mapping. Excel and Sphinx were used
for statistical analysis and graphing.

Methods of data processing and analysis

The dynamics of vegetation change require the production of different land use maps for 1988,
2003 and 2018, i.e. three maps per forest based on satellite image processing. Digital image
processing involves combining the different image bands and applying colour compositions to
each date to better visualise the phenomena. To obtain good results when processing these images,
it was essential to combine the bands using remote sensing theories. These are the combination of
bands 2-4-5 for Landsat TM (Landsat4 or 5) and the combination of bands 5-4-3 for Landsat ETM
+ (Landsat 7 or 8). The advantage of this composition is that it allows global treatment of the
vegetation due to the low resolution of the satellite images (Landsat has 30 m spatial resolution).
The supervised classification algorithm used is the Maximum Likelihood Classifier (MLC) with
visual interpretation of the results. Image processing and field surveys allowed us to generate three
land cover maps of the forests (specifically Kua and Dindéresso forest) for the periods 1988, 2003,
and 2018. Statistical analysis highlighted the transformations that have occurred between the
different classes over the different observation periods.

Processing and analysing climatic, socioeconomic and demographic data have enabled us
to understand certain spatial changes. For climatic parameters, monthly and annual average data
(rainfall and temperature) from 1988 to 2018 have been used to construct the graphs. Trend lines
and the Standardized Precipitation Index (SPI) show how climate change is changing and its
impact on natural resources (McKee et al., 1993). SPI values above zero indicate surplus years,
while those below indicate deficit years compared to the average rainfall (Bergaoui et al., 2001).
The demographic dynamics of the area are based on data provided by the INSD and data from
surveys of resource persons and the population. Quantitative and qualitative data were collected
through individual interviews and focus groups with heads of households in rural areas, urban
dwellers living near forests and resource persons (municipal officials and officials from the
ministries of the environment, agriculture, and livestock). In all, 150 people were interviewed.

Results and discussion

The analysis is based in part on the state of vegetation and land use in 1988, 2003 and 2018, with
climatic, demographic, and socioeconomic factors influencing the appearance of the vegetation
cover and consequently the agrarian system. The land-use units identified in Dinderesso and Kua
forests during satellite image processing include gallery forest, water bodies, savannahs,
heterogeneous and homogeneous forest plantations, agroforestry areas, bare soil, rocky outcrops
and fields.

Changes in vegetation coverage in Dinderesso classified forest from 1988 to 2018

In Dinderesso forest, between 1988 and 2003, shrub and treed savannahs were the most dominant
units, with irregular evolution, followed by rocky outcrops, fields, and bare ground. Wooded
savannah, gallery forest, and lakes are the least important units. Between 2003 and 2018, we note
the presence of forest plantations and agroforestry areas that were nonexistent in 1988, and all
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units have seen a positive change in their initial perimeters with the exception of water bodies,
shrub savannahs, and rocky outcrops and fields (Figure 2).
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Figure 2. Evolution of land use units in Dinderesso forest

These three units have lost areas to agroforestry, gallery forests, heterogeneous and
homogeneous forest plantations, tree savannahs, wooded savannahs, grassy savannah, and bare
soil. The largest units that have colonized the lakes are the wooded savannah (120.73 ha) and the
shrub savannah (136.5 ha) (Figure 3). Rocky outcrops and fields lost surface area to water bodies
(141.41 ha) and savannah variants (trees, shrubs, and grass) (1,492.59 ha).

During the period 1988-2018, the units of Dinderesso classified forest have evolved as
follows: water bodies, wooded savannahs, and shrub savannahs are the land-use units that have
increased in surface area. On the other hand, forest galleries, wooded and grassy savannahs, bare
soil, rocky outcrops, and fields are units that have declined. Here, however, the positive trend is
seen in the decline in the area of bare soil, rocky outcrops, and fields. The shortage of arable land
means that the slightest relaxation of control by the forestry administration almost systematically
results in the installation of fields in the Koumbili forest, in the Nahouri region of Burkina Faso
(Ilboudo, 2012). N’guessan and al., (2019) also note the development of agricultural areas to the
detriment of the classified agro forest Agbo 1 in Cote d’Ivoire.
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Figure 3. Land use in the Denderesso forest (1988, 2003, 2018).

On the other hand, the land-use units of the Kua classified forest have undergone the same
evolutionary trends as the Dinderesso forest. This vegetation is more characterised by shrub
savannah, which showed a positive trend between 1988 (35.06%) and 2003 (41.57%), followed
by a regression in 2018 (37.67%). Wooded and treed savannah regressed in 2003, while rocky
outcrops and fields increased in area. As for bare soil, it gradually declined from 13.48% in 1988

to 8.31% in 2003 and 4.71% in 2018 (Figure 4).
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Figure 4. Land use in the Kua forest (1988, 2003, 2018)

There has been a positive improvement in the vegetation cover in this forest area, as the
surface area of bare soil, rock outcrops and fields has decreased overall between 2003 and 2018
(Figure 5). The situation is quite different in the Pama partial reserve and its outskirts in South-
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East Burkina Faso, where vegetation has declined in favour of bare soil and rocky outcrops
(Soulama and al., 2015).
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Figure 5. Land use in the Kua forest (1988, 2003, 2018)

The degradation of the Dinderesso and Kua forests is not an isolated case in that all forest
formations (forests, savannahs, steppes) are affected throughout Burkina Faso (Kambiré, 2015;
Kaboré et al., 2019). Between 1990 and 2010, Burkina Faso lost an average of 59.9 ha of forest
formations, a decline of 0.87% per year (LAME, 2011). According to MECV (2007), Burkina Faso
is below international standards, which require each country to classify at least 30% of its territory
as conservation areas in order to achieve a better socio-ecological balance. However, classified
forests near towns such as Dinderesso and Kua are prey to the harmful actions of humans. The
factors and sources of anthropogenic and climatic pressure on forest resources in the Bobo-
Dioulasso commune are analyzed.

Determinants of vegetation cover dynamics in the Dinderesso and Kua classified forests

Vegetation study necessarily involves an analysis of the climatic elements and the behaviour and
perceptions of the people living in the study area.

a. Annual variation of rainfall

The development of the natural resources of Dinderesso and Kua classified forests is influenced
by the climatic parameters of the Bobo-Dioulasso municipality. Analysis of the average annual
rainfall values for the observation series (1988 - 2018) shows a very slight increase in the amount
of water falling in the Bobo-Dioulasso area, based on the shape of the trend line (Figure 6). This
increase in rainfall, marked by a sawtooth pattern, is confirmed by a positive direction coefficient
(1.8225). The very low value of the coefficient of determination (Rz = 0.0093) therefore expresses
the strong interannual variation in rainfall, with the highest rainfall of 1,320.5 mm recorded in
2018 and the lowest (681.7 mm) in 2017. Irregular rainfall can be unfavourable to vegetation and
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can therefore lead to the degradation of the Dinderesso and Kua forests, since the more it rains,
the denser the natural vegetation (Yan, 2008).
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Figure 6. Variation in the average annual rainfall in Bobo-Dioulasso (1988-2018)
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Calculating the SPI shows that values above zero indicate years with a surplus, and those
below zero indicate years with a deficit compared with the average. This reflects interannual
variability, which divides the series (1988-2018) into three periods characterised by wet and dry

spells (Figure 7).
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Figure 7. Changes in the Standardised Precipitation Index (SPI)

The first period (1988-1997) was marked by a predominance of episodes of moderate
drought. The second period (1998-2007) was punctuated by a succession of dry and wet years. The
most recent period, 2008-2018, saw a recovery in rainfall. Overall, there have been sixteen (16)
dry years during the 30-year observation period. A year of drought, even an extreme one, can be
less dramatic for woody vegetation than a series of two years of moderate drought (Kaboré and
al., 2018). Indeed, Sanou and al., (2020) estimate that in Burkina Faso, variations in biomass by
province generally follow the annual distribution of rainfall, meaning that plant biomass
production is closely proportional to the amount of rainfall. Therefore, we can deduce that the low
rainfall recorded between these two periods (1988-1997 and 1998-2007) had a negative impact on
the vegetation of the two forests (Dinderesso and Kua). This could explain the appearance of bare

soil and rocky outcrops in these forests.
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b. Temperatures trends

The curves of the annual and monthly temperatures averages of the series show hot and cold
months, as well as transition periods (Figure 8). Indeed, high temperatures are observed in the dry
season during the months of March, April and May, with maximum temperatures recorded in April
(31.1 °C), the hottest month of the year. However, the lowest temperatures are recorded from July
to September and from December to January, with the lowest monthly temperature in August (25.4
°C), a month during which the whole country is wet. In general, temperatures are relatively mild
from July to January, with the exception of November when temperatures are 27.7 °C or less,
February and June are considered transition periods. In general, temperatures are relatively mild
from July to January, with the exception of November when temperatures are 27.7 °C. February
and June are considered transitional periods.
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Figure 8. Trends in average monthly and annual temperatures (1988-2018).

Like rainfall, the irregularity of temperature can be seen in the plot, which justifies an
interannual variation in the series. The average annual temperature in 1988 was 27.5 °C, while it
is 28.2 °C in 2018. This relatively slight rise of 0.7 °C between 1988 and 2018 in the study area
conceals disparities, with maximum values of 28.4°C recorded in 2002, 2005 and 2016. However,
the lowest temperature (27 °C) was recorded in 1989. In general, the temperatures in the study area
are gradually rising in a similar way to the rest of the country (Doumounia et al., 2020). This
increase, which peaked in 2002, 2005 and 2016, is a factor limiting the development of certain
plant species (Dipama, 2016) because it could increase water stress in plants. Thermal conditions
set the pace for vegetative life, causing water reservoirs to dry up early, destroying crops, reducing
soil fertility, and reducing the production of forest resources, and in the long-term forcing living
creatures to migrate to other destinations (Sanou et al., 2018).

c. Population growth and pressure on land

In Burkina Faso, the urban population represents 26.3% of the total population (RGPH, 2019).
This growth is concentrated in the country's two main cities (Ouagadougou and Bobo-Dioulasso),
which account for 62.2% of the country's urban population. Bobo-Dioulasso, the main urban centre
of the west and south-west region, covers an area of 13,678 hectares. Between 1975 and 2019, the
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population increased from 291,383 to 983,552 (INSD, 2020). This trend reflects the increase in
population density, with an average annual growth rate of 4.69% between 1996 and 2019, doubling
in less than 15 years (Figure 9). The urban area accounts for 91.90% of the total population of the
municipality, while the population of the adjacent villages accounts for only 8.09% in 2019 (INSD,
2020).
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Figure 9. Density of population in Bobo-Dioulasso (1985 to 2019).

This high population density has been identified as one of the factors that explain the
degradation of natural forest plant formations in the rural commune of Matiacoali and the Bale
National Park in western Burkina Faso (Tankoano et al., 2016). The gradual change in density
shows the control of the population on the land. This can lead to a strong demographic pressure
on the natural resources of the communal territory, especially the forest (Gansaonre et al., 2020;
Tiamiyu et al., 2023). The survival of more than 80% of Burkina Faso's population depends on the
exploitation of its natural resources, particularly forestry, wildlife, and fisheries (MEDD, 2013).
Field surveys reveal that the negative impacts of the agricultural production system, wood fuel
harvesting, industrial and artisanal waste, the artificial land development and the proximity and
expansion of towns to the detriment of forests are among the factors that exacerbate the pressure
on periurban forest resources. In addition, some classified forests are subject to excessive mowing
of herbaceous biomass by urban populations, either to feed their own domestic herbivores or to
sell to those who keep livestock in permanent stalls. This practice constitutes a permanent threat
to the balance of ecosystems in the forest area, particularly the herbaceous stratum (Bouyer, 2011).
Sanou (2023) estimates that between 75 and 98% of animal feed in Burkina Faso comes from
natural resources. However, people living near the classified forests of Dinderesso and Kua say
that wood cutting (41.8%), followed by agriculture (28.4%) and grazing (12.9%) are the main
factors in forest degradation (Figure 10). However, 95.6% of those surveyed said they were aware
of the forest classification, compared to 4.4% who were unaware of the classification.
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Figure 10. Perception of residents of forest degradation factors

d. Differentiated governance of the Dinderesso and Kua classified forests

Given the level of degradation of the Dinderesso and Kua classified forests, initiatives for the
participatory management of local residents have been launched with the installation of the
provincial department of the environment, the green economy and climate change within the
forests, and the implementation of the Support for the Participatory Management of Natural
Resources (PAGREN) and Participatory Management of the Dinderesso and Kua Forests
(PAFDK) projects between 2002 and 2012. To this end, Forest Management Groups (FMG) have
been established in the villages that border the two forests. These various GGFs are
socioprofessional structures in village, and can unite and even join the national federation of forest
management groups in Burkina Faso. Members of the GGF and Village Development Councils
(CVD) in the localities concerned have benefited from various training sessions on the
organization and sustainable management of forest resources. The project's reforestation
campaign, launched in July 2003, surveillance activities, and the participation of local people in
the management of the Dinderesso classified forest through the GGF have resulted in forest
regreening. In 2010, an agroforestry area and 25 "controlled fields" were established to prevent
uncontrolled installation of fields in the forest area and to encourage assisted natural regeneration
of units that had been severely degraded (Bahire, 2016). In the Kua classified forest, three GGF
from the villages of Pala, Koro, and Borodougou are involved in management. Unlike the GGFs
in the Dinderesso forest, those in the Kua forest have not formed a union due to their small
numbers. They meet when work needs to be done, in particular for reforestation and firebreaks.
However, with the end of the projects, difficulties remain in carrying out the activities. For a long
time financed by projects at a rate of 136,000 FCFA per GGF per quarter and 10,000 FCFA per
km of runway opened for surveillance and firewall activities, respectively, the GGF have very
limited capacity to generate income (1dollar US is equivalent to 675.50 FCFA). The exploitation
of green wood and related activities do not generate sufficient resources for their operation.
However, the two forests have considerable potential for ecotourism, local crafts, beekeeping,
fishing, and small game farming (MECV, 2013).
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Conclusion

The environment is under increasing pressure from a number of different development sectors.
The dependence of populations on natural resources is linked to strong demographic growth, weak
means of subsistence and deteriorating climatic conditions. Periurban forests are under particular
pressure because they are close to, or even contiguous to, urban areas, which are constantly
expanding. Therefore, sustainable forest management around urban centres is becoming an
imperative and a major challenge for national forest policies. However, the slightest resumption
of the densification of vegetation cover through the improvement of agroforestry areas, gallery
forests, forest plantations, and savannahs, is a collective effort based on participatory management
by the local population from Dinderesso and Kua.
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