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Abstract

Sustainable management of communal forests remains a challenge for Cameroonian municipalities due to the inadequacy of available
data reflecting the current reality of these forests. For this reason, several communal forests, particularly those in the forest-savanna
transition zone, do not always benefit from adequate management measures. This study therefore set out to assess the spatial and
temporal dynamics of land cover and land use in the Minta communal forest in order to provide useful information for decision-making
on the sustainable management of its communal forest. The supervised classification was performed using Landsat Enhanced Thematic
Mapper (ETM), Thematic Mapper (TM), and Operational Land Imager (OLI) satellite images based on a diachronic approach for land
cover mapping for 2000, 2010, and 2021. The results show that seven types of land cover and land use were identified, namely: mature
forests, secondary forests, swamp forests, fallow land, savannas, farms, and bare Land. Image classification was satisfactory, with
overall accuracy and Kappa indices exceeding 70% and 80%, respectively, during the periods 2000-2010, 2010-2021, and 20002021
for the study area. Transition matrices showed a decline of approximately 20% of mature forests in favor of secondary forests, fallow
land, farms and bare Land. Consequently from 2000 to 2021, mature forests had a deforestation rate of 0.67% and a degradation rate
of 5.48%. These results are the combined effect of drivers such as logging, mining, agriculture, livestock farming, and climate change.
In response to these threats, three sustainable management options are recommended to the municipality of Minta: (1) complete
conservation of less degraded areas; (2) reforestation/restoration of highly degraded areas; (3) production of a land zoning plan for
their forest cover, assigning each area an economic, social, or ecological function in order to meet expectations related to ecosystem
sustainability.

Keywords: Sustainable management; Municipalities; Degraded areas

Resumo

A gestdo sustentdvel das florestas comunais continua a ser um desafio para os municipios camaronenses devido a insuficiéncia de
dados disponiveis que reflitam a realidade atual dessas florestas. Por esse motivo, varias florestas comunais, particularmente aquelas
na zona de transi¢do entre floresta e savana, nem sempre se beneficiam de medidas de gestdo adequadas. Este estudo teve, portanto,
como objetivo avaliar a dinamica espacial e temporal da cobertura e uso do solo nas florestas comunais de Minta, a fim de fornecer
informacdes Uteis para a tomada de decisdes sobre a gestao sustentavel das suas florestas comunais. Foi realizada uma analise diacronica

Received: 29 October 2025; Accepted: 28 March 2026
Anu. Inst. Geociénc., Rio de Janeiro, vol. 49, 2026, 70058 DOI: https://doi.org/10.11137/1982-3908_2026_49_70058 1


https://creativecommons.org/licenses/by/4.0/deed.en
https://orcid.org/0000-0003-1286-1273
https://orcid.org/0000-0001-9606-9990
https://orcid.org/0000-0002-7068-8168
https://orcid.org/0000-0003-1920-6116
https://orcid.org/0000-0002-0958-0916
https://orcid.org/0009-0002-6056-1427
https://orcid.org/0000-0003-0804-6540
https://orcid.org/0009-0003-2284-0297

Land Cover and Land Use Dynamics in Cameroon’s Forest-Savanna Transition Zone: Implications for... Temfack et al.

utilizando classificagdo supervisionada em imagens Landstat 2000, 2010 ¢ 2021 da area de estudo. Os resultados mostram que foram
identificados sete tipos de cobertura e uso do solo, a saber: florestas primarias, florestas secundarias; florestas inundaveis, areas em
pousio, savannas, areas agricolas e solo exposto. A classificagdo das imagens foi satisfatoria, com precisdo geral e indices Kappa
superiores a 70% e 80%, respetivamente, durante os periodos 2000-2010, 2010-2021 ¢ 2000-2021 para a area de estudo. As matrizes
de transi¢do mostraram um declinio de aproximadamente 20% das florestas maduras em favor de florestas secundarias, terras em
pousio, fazendas e terras nuas. Consequentemente, as florestas maduras tiveram uma taxa de desflorestacdo de 0,67% e uma taxa de
degradagdo de 5,48%. Esses resultados sdo o efeito combinado de fatores como exploragdo madeireira, mineragao, agricultura, pecudria
e mudancas climaticas. Em resposta a essas ameagas, trés opcdes de manejo sustentavel sdo recomendadas ao municipio de Minta: (1)
conservagdo completa das areas menos degradadas; (2) reflorestamento/restaurag@o das areas altamente degradadas; (3) elaboragdo de
um plano de zoneamento territorial para sua cobertura florestal, atribuindo a cada area uma fungdo econdmica, social ou ecoldgica, a
fim de atender as expectativas relacionadas a sustentabilidade do ecossistema.

Palavras-chave: Gestio sustentavel; Municipios; Areas degradadas

1 Introduction

Land cover refers to the physical characteristics
that involve the distribution of vegetation, water, soil,
and other natural features, including those affected by
human activities (Darem et al. 2023; Zekeng et al. 2019).
For Surya et al. (2020), land use refers to how humans
value land, focusing on its role in economic activities and
infrastructure development. This is the reason why these
concepts are very similar, even interdependent, and are
often used simultaneously (Bui & Mucsi 2021). Thus, for
effective ecosystem management, it is important to have
up-to-date information on land cover and land use (LCLU)
dynamics in the environments concerned (Zanguim et al.
2022). For several decades, remote sensing has provided
fairly satisfactory results at consistent, multi-temporal, and
extensive spatial scales, facilitating a better understanding
of land use and land cover dynamics, particularly in areas
where ground observations are limited (Almeida et al.
2025; Zhang et al. 2023). Satellite imagery and geospatial
analysis can therefore be used to detect deforestation, forest
degradation, and plant regeneration, as well as other spatial
changes, with satisfactory temporal resolution and high
spatial accuracy (Wu et al. 2025). Their findings contribute to
the orientation of sustainable forest management approaches
in developing countries (Wahelo, Mengistu & Merawi,
2024). Access to comprehensive and relevant information on
land occupation and use is essential for effective decision-
making, planning, and implementation of land use programs
to meet the growing demand for basic human needs and well-
being in the territories. This information is also essential for
monitoring dynamic changes in land use, which are driven
by changing needs due to demographic growth.

Due to their exceptional biodiversity, Africa’s
tropical rainforests offer invaluable potential for the
socioeconomic development of their owners (Chimi et al.
2022). These forest ecosystems are of crucial importance to
local populations, as they provide them with numerous goods
(food, wood, fibers, medicines) and ecosystem services

Anu. Inst. Geociénc., Rio de Janeiro, vol. 49, 2026, e70058

(Mapong-metsem et al. 2016; Ngoukwa et al. 2023). Despite
their many advantages, these forests are facing increased
anthropization, causing alarming degradation that continues
to worsen, with a direct impact on the deterioration of
their ecological, economic, and sociocultural functions
(Babu et al. 2024). This anthropization is the result of the
significant population growth that the world has experienced
in recent decades, reinforced by rapid urbanization, which
increases demand for natural resources and compromises
the sustainability of ecosystems (Kookana et al. 2020).
Considering the complex interaction between human actions
and natural processes, changes in land occupation and use
induced by human activity have significant consequences
on nature’s ability to maintain its vital abiotic and biotic
resources (Zekeng et al. 2019; Vazquez 2023). For
example, from 1990 to 2005, the forests of the Congo
Basin experienced an increase in their deforestation rate
from 0.09% to 0.17%, and in Cameroon, from 1990 to
2010, the deforestation rate is estimated at 18.1% (FAO
2014; Bozongo 2018).

Cameroon’s Forest-Savanna Transition Forests
(FSTF) are also vulnerable to these threats. Due to their
geographical location in the northern part of the southern
Cameroonian plateau, specifically north of the Center and
East regions of the country and south of the Adamaoua
region, these forests are at the confluence of the country’s
forests and savannas (Mertens, Ahononga & Yente. 2012).
More specifically, the FSTF are an interface where large
forest strips are interspersed with savanna islets. They are
characterized by a diverse flora, mixing plant species typical
of forests and savannas (Letouzey 1985; Ngo et al. 2022).
These forests are highly coveted because of their unique
landscape and are well suited to cattle farming, which is
widespread in the area, along with its corollaries such as
bush fires and overgrazing (Ngo et al. 2022; Tchoupou et
al. 2021). The FSTF are therefore a complex ecosystem
in which several forest and savanna species have found
refuge, granting this area a significant ecological advantage
for the entire nation (MINFOF 2018).
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Despite these various advantages, the original
forest cover of this area is threatened by the many human
activities occurring there. It is in response to such threats
that Sustainable Forest Management (SFM) has gradually
established itself as the ideal approach to forest management,
as it is recognized as the best strategy for responding quickly
to current environmental emergencies (Leroy et al. 2014).
SFM represents an ecologically sound forest management
model, establishing indicators, criteria, and objectives that
integrate economic, social, and environmental dimensions.
Adopting this strategy demonstrates a country’s commitment
to balancing the use of forest resources with the preservation
of their vital ecological functions.

In adopting SFM, Cameroon has completely
restructured its constitutional and regulatory framework
in order to plan and facilitate forest management and the
effective implementation of sustainable practices (MINFOF
2013). One of the major manifestations of this adoption has
been the transfer of forest management to local communities
and municipalities through decentralization. This gave rise
to concepts such as communal forests (CFs), which appear
to be a local-level strategy for achieving these long-term
objectives and the well-being of local communities (Loi
forestiére 2024; Poissonnet & Lescuyer 2005). CFs as a
key role in land use and natural resource management;
they are essential to the socioeconomic well-being of local
communities (Ngoukwa et al. 2023) and provide important
ecosystem services that are vital to the well-being of local
populations (Mounmemi et al. 2022; Ngoukwa et al. 2023;
Zekeng et al. 2021, 2023).

Nevertheless, CF management currently faces several
obstacles, including a lack of expertise among community
staff in analyzing forest data; managers’ lack of knowledge
about the quantity of available forest resources, which
hinders effective planning; changes in land cover use that
require constant adaptation of management strategies; and
the population’s lack of adherence to the vision embodied in
the CF concept. These challenges are particularly worrying
given that the management of several Cameroonian CFs lacks
many aspects of sustainability, such as Doumé (Zekeng et al.
2019), Dimako (Mounmemi et al. 2020), and Belabo-Diang
(Ngoukwa et al. 2025). In addition, various CFs do not have
the equipment necessary for effective management planning
and are therefore unable to accurately assess resource use.
The Minta communal forest (MCF) is not exempt from this,
which means that urgent action must be taken to ensure the
sustainable management of its forest resources.

The MCF, which covers various ecosystems, plays
akey role in Cameroon’s commitment to sustainable forest
management and community involvement. This forest serves
as areservoir of biodiversity and a source of income for local
communities, but its true potential remains largely untapped.
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Despite efforts to promote sustainable forest management,
the MCF faces significant challenges due to changes in
LCLU by local communities and infrastructure development
driven by the government; this poses a major threat to
the biodiversity and essential ecological functions of this
ecosystem. In fact, according to Yemefack and Alemagi
(2016), 85% of key stakeholders in forest management
reported that they were neither consulted nor informed
prior to the creation of the CF. Before it classification,
the MCF underwent selective logging between 1988 and
2000. But, after the sale of logging concession No. 08-01-
186, the Fabrique Camerounaise de Parquets (FIPCAM)
became the sole holder of a legal logging concession in
the MCF (SIFCAM 2011). Over time, significant changes
in LCLU, influenced by agricultural expansion, logging,
and socio-economic development, have had an impact
on vegetation cover and overall ecological integrity,
necessitating a comprehensive review of their spatial and
temporal dynamics in the MCF (Dicko et al. 2016).
Despite numerous studies on CFs, few have
addressed aspects such as land use trajectories, LCLU,
deforestation rates, degradation rates, and the impact of
management and conservation on forest cover (Mounmemi
et al. 2020; Ngoukwa et al. 2025; Zekeng et al. 2019).
No study on LCLU has yet been conducted in the MCF.
This research is in line with SDG 15, which aims to fight
deforestation, desertification, and soil degradation. It is
also in line with the 2063 African Union’s Agenda and
2020-2030 Cameroon’s National Development Strategy,
which emphasize the rational use of wood and transparent
management of communal and community forests.
In addition, MCF contributes significantly to essential
ecosystem services, including water cycle regulation,
climate regulation, and carbon sequestration. Analysis of
spatial and temporal dynamics makes it possible to assess
the impact of LCLU changes on these essential services,
providing useful data for the development of strategies that
prioritize sustainable resource management (Zekeng et al.
2019). This study provides important information that will
help Cameroon better implement the principles of SFM to
which it is committed. It supports evidence-based policy
decisions by striking a balance between conservation,
community needs, and sustainable development. This
study will also improve scientific understanding of the
dynamics of communal forests, sustainable land use
practices, and ecosystem resilience across the nation,
highlighting the crucial role of research in global communal
forest management for environmental sustainability and
community well-being. The purpose of this study is to
understand the spatial and temporal dynamics of LCLU
in the MCF, while providing crucial information for land
use planning and sustainable forest resource management.
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2 Methodology and Data
2.1 Study Area

This study was performed in the Central Region
of Cameroon, specifically in the municipality of Minta,
located at 4°33°34” North latitude and 12°49°52” East
longitude, in the Department of Haute Sanaga (Figure 1)
(Yemefack & Alemagi 2016). The topography of the MCF
is made up of more or less rugged plateaus ranging from
640 m to 680 m in altitude. The hydrographic layout is
marked by rivers such as the Tia, Ngbwadjé, Dja, Longé, and
Nyamendouga. The soils are ferralitic with a red texture and
poor in nutrients with little humus. The vegetation is that of
dense semi-deciduous forests with Ulmaceae and Malvaeae.
The MCF is located in the transition zone between forests
and savannas. It is composed of vast swathes of forest and
savanna, as well as numerous fairly rich forest galleries
along rivers (SIFCAM 2011). The climate is equatorial
Guinean with four seasons: two dry seasons and two rainy
seasons, with rainfall sometimes reaching 1,440 mm/year.
Temperatures vary between 21 and 30°C throughout the
year. The MCF was classified in 2010 by Decree No.
2010/2579/PM of September 17, 2010. It covers an area
of 41,087 ha (PNDP 2015).

Figure 1 Map of the study area.
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The economic life of the study area is dominated
by activities such as subsistence and cash crop farming,
with a strong emphasis on cocoa production, artisanal
fishing, hunting with widespread poaching, domestic
livestock farming of small ruminants and poultry, trade,
and sometimes the collection of non-timber forest products.
In addition, the presence of savannas encourages cattle
farming by the Mbororo people (Yemefack & Alemagi
2016). Although the population is mainly made up of
indigenous Bamvélé people, there are also non-indigenous
people, ranging from nationals to foreigners.

2.2 Data Collection

To assess changes in LCLU in the MCF, a diachronic
approach was used. This method involved using pre-existing
data such as satellite images taken on different dates to trace
the evolution of vegetation types. Multispectral satellite
images from Landsat 7 and 8 sensors of the study area were
downloaded from the US Geological Survey (USGS) Earth
Explorer website and processed using ERDAS Imagine
2014 software. These images were chosen because of
their availability and better spatial coverage of the area.
Table 1 shows the characteristics of each of these images.
Cartographic data were added to these satellite images to
map LCLU in the MCF.
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Table 1 Characteristics of the Landsat images used.
Satellites Sensors Scenes (Path-row)  Acquisition date Number of bands Resolution
185-057 2000-01-14 09 30m
SENSOR_ID=“ETM”
184-057 2000-01-14 09 30m
Landsat 7
185-057 2010-02-16 09 30m
SENSOR_ID=“ETM”
184-057 2010-0131 09 30m
SENSOR _ID= 185-057 2021-01-26 " 30m
Landsat 8 p nar
OLI_TIRS 184-057 2021-02-06 11 30m

The choice of periodic assessment sequences in
this study corresponds to the pre-classification (2000),
classification (2010), and post-classification (2021) stages
of this CF. In fact, from 1994 to 2000, forest management
was marked by the granting of provisional agreements for
logging in this municipality (PNDP 2015). Between 2000
and 2010 it was the classification period and the municipality
implemented management measures that could help validate
its management plan (Yemefack & Alemagi 2016). And
from 2010 to 2021, it was the sustainable management
period. These three dates therefore correspond to the
indicated periods for assessing the effects of management
methods on the spatiotemporal dynamic of the MCF.

Supervised classification using the Maximum
Likelihood algorithm was chosen for image classification
in this study. This method calculates the probability of a
pixel belonging to a given class rather than another. The
pixels were assigned to the class for which the probability
was highest. This step consists of defining the training
samples for the different land use units in order to assign
them a name. The training samples were selected on the
basis of several criteria, namely: they must belong to the
classes identified on the maps and in the field (ground
truth); they must be sufficiently representative of the
study area; and they should be among the most relevant
classes selected for this study. This is why seven training
samples were selected for this study. A priori, it was agreed
that a sample would be selected if it contained sufficient
information for classification. Its validation was therefore
carried out following expert opinion in the field. In fact,
Tyukavina et al. (2025) state that, when sampling from a
list using simple random or systematic sampling, each unit
has equal probability of being selected for a study. Indeed,
the processing of Landsat Enhanced Thematic Mapper
(ETM), Thematic Mapper (TM), and Operational Land
Imager (OLI) satellite images based on the multi-date
diachronic approach allows for the mapping of land cover
at various time scales. In this study, the implementation
of this methodology made it possible to distinguish seven
land use types: mature forests, secondary forests, swamp
forests, fallow land, farms, savannas and bare land.
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2.3 Satellite Image Processing
« Preprocessing

At this stage, several operations were carried
out, such as radiometric corrections and geographical
recalibration, performed after linear spreading of the
histograms of each spectral band in order to improve
contrast for better extraction of the study area. The objective
of these operations was to homogenize image quality,
as recommended by various authors (Lounis et al. 2010;
Mounmemi et al. 2020). ERDAS Imagine 2014 software
was used to perform these operations.

« Processing

« Field mission: it enabled the collection of biophysical
data (identification of different land cover types),
operational data (identification of different land use
types), geospatial data (GPS control points), and
ground truth data (informations to validate satellite
image classification). The GPS data collected in
the field, combined with data from Google Earth
Explorer, served as a reference for 2021 in order
to clearly identify the LCLU needed for supervised
classification. The ultimate goal was to produce
LCLU map that reflect the reality on the ground.

« Unsupervised classification: this involved
classifying digital image data using computer
processing. This processing is based solely on image
statistics without the use of training samples. In order
to extract the study sites, a color composition was
created following various combinations. Training
sites were then selected based on their spatial
distribution and knowledge of the study site.

+ Supervised classification: the maximum likelihood
algorithm was applied to each Landsat composite
image. This algorithm consisted of calculating the
probability of a pixel belonging to a given class
rather than another (Mezafack et al. 2022). This
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method provides each pixel with a certainty index
linked to this choice in addition to the class to which
it has been assigned. This step is mathematically
very satisfactory because the pixels are classified
according to a probabilistic method that estimates
that all classes have an identical a priori probability
(Ghilardi et al. 2016). Vectorization enabled the
precise delimitation, structuring, and temporal
monitoring of homogeneous LCLU areas according
to the nomenclature defined in this study, namely
the different types of forests identified, fallow land,
farms, and bare land.

Detection of changes between 2000-2010; 2010-
2021; 2000-2021: this process made it possible to
detect changes in LCLU. According to Girard &
Girard (1999), it is not always easy to assign a pixel
to a given class, nor to associate a specific class with
a survey in the field, hence the need to evaluate
the overall effectiveness of the classification. The
definition of classification quality was based on
two approaches:

+ Confusion matrix: here, the accuracy of a
classification corresponds to the percentages of
correctly classified pixels, represented by the
values on the diagonal. These matrices can be
used to assess the relevance of the classification
algorithm (Omari 2005; Tsewoue et al. 2020).

+ Kappa coefficient: this refers to a value slightly
lower than the overall accuracy. Santos (2001)
shows that the latter expresses the error rates to
be avoided and which would be obtained during
sampling that must be completely random. The
Kappa index is calculated using the following
formula (Equation 1):

P0—-Pc
Pp—Pc

Kappa = x 100 (1)

Where PO is the observed correct proportion; Pc is

the correct proportion minus chance; and Pp is the correct
proportion when the classification is perfect.

+ Validation and mapping: based on the overall
accuracy and Kappa index obtained, the data was
validated. Google Earth software was used to verify
and convert the images into shape files. The shape
file was overlaid on a high-resolution image to
correct any confusion between the different land
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cover types. The land cover maps created with
ArcGIS 10.5 provided the basic data for the land
cover analysis. The methodological diagram outlines
the different stages involved in processing the
satellite images (Figure 2).

2.4 Analysis of Land Cover Data

The change detection matrix resulting from the
comparison of LCLU surfaces between two dates was
produced. Using this matrix, the gains, stable areas,
and losses observed during this period were quantified.
However, several annual rates facilitating land use analysis
were calculated:

+ Annual spatial expansion rate (Tc): changes were
determined over three (3) periods: 2000-2010, 2010-
2021, and 2000-2021. The formula of Bernier (1995)
was used (Equation 2):

_ LnS2-LnS1
- (Date2—Datel)xLne

Tc

x 100 )

Where Ln = natural logarithm, e = base of natural
logarithms (e = 2.71828), S1 = area of a class at date tl
and S2 = area of the same class at date t2.

« Overall rate of change (Tg): this is used to estimate
changes in LCLU between date 1 (t1) and date 2
(t2). The overall rate of change makes it possible
to detect changes for each LCLU for different
periods (Njeugeut et al. 2021). It is determined by
the following formula (Equation 3):

_ S2-S1

Tg x 100 (3)

Where S1 =area of a class at date T1 and S2 = area
of a class at date T2.

« Conversion rate (Tc): this refers to the degree
of transformation undergone by a LCLU when it
is converted into another. It is obtained using a
transition matrix (Issiako & Arouna 2018). The
mathematical formula is as follows (Equation 4):

Te = 2=%is 100 @)

it

Where: S, = LCLU area at initial date t; S_: area of
the same LCLU remaining stable at date t,.
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[ Images Landsat 2000 ] [ Images Landsat 2010 ] [ Images Landsat 2021 ]
1 | |
¥
[ Prétraitement ]
[ Extraction de la zone d’étude ]—,'—[ Corrections radiométriques ]
[ Traitement l
|
[ Classification non supervisée ]
[ Mission de terrain i
Classification supervisce
(Maximum de vraisemblance
[ Vectorisation }
: Validation I
[ Carte d’occupation du sol ]-—[ Cartographie }—-[ Superficies ]
Analyse de I’occupation du sol
dans la FCM et la FCN
Figure 2 Summary of the methodology used for processing satellite images
» Change rate of LCLU (As): it refers to the variation Sz
speed the LCLU identified in the study area. The TAD = STi x 100 ™)

formula is (Ghilardi ez al. 2016) (Equation 5):

A= 220 ©)

Where: As = change rate of LCLU (progression
or regression in ha/year): S, : area occupied by a specific
LCLU during year 1 (ha): S,,: area occupied by a specific
LCLU during year 2 (ha); t,: year 1: t: year 2.

« Annual deforestation rate (R): this represents the
fraction of forest converted to land use types other
than forest. It was calculated using the formula
proposed by Zakari et al. (2018) and adjusted for the
purposes of this analysis. The formula is Equation 6:

1
ta_ty

R=——In(z3) x 100 ©)
1

Where: R = deforestation rate: A and A, represent
the sum of the share of land use units for two years: In:
natural logarithm: t : year I: t,: year 2.

« Annual degradation rate (TAD): this represents
the fraction of forest disturbed at a given time. It
is calculated using the formula of Kamungandu
(2009) (Equation 7).
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Where: S, =initial forest area; S, = forest area lost;
t: number of years between two dates.

3 Results

3.1 Land Cover Status between 2000, 2010,
and 2021

Analysis of land cover dynamics revealed seven
(07) LCLU present in the MCF, namely: mature forests
(MF), secondary forests or young secondary forests (SF),
swamp forests (SWF), fallow land (Fal), savannas (Sa),
farms (Far), and bare land (BL).

Observation of the various periods has shown that
the distribution of LCLU has varied greatly over the years.
FM remain the most common LCLU, accounting for 53.83%
in 2000, 59.78% in 2010, and 46.72% in 2021. There has
been a decline in SF, which fell from 5,945.26 ha in 2000 to
5,039.28 ha in 2010, to the benefit of MF; then an increase
in SF from 5,039.28 ha in 2010 to 9,338.35 ha in 2021, to
the detriment of MF. However, from 2000 to 2010, and then
from 2010 to 2021, Fal, Far, and BL increased in area at the
detriment of Sa. This means that the decline had a greater
influence on land use dynamics in the FCM (Figure 3).
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Figure 3 Dynamics of LCLU between 2000 and 2021 in the FCM.

3.2 Evaluation of Satellite Image Classification

In the MCEF, the classification model between 2000,
2010, and 2021 has a Kappa coefficient above 77.25%, and
the overall accuracy percentage is above 80%. This result
indicates good agreement between the classification and
the ground truth. Based on user accuracy, it appears that:
the analysis model performed very well in 2000 for MF, SF,
SwF, Fal, Far, and Sa, with over 90% for each except BL.
This means that a pixel classified in these LCLU has a high
probability of being correct. In 2010 and 2021, the results
are almost the same except for MF and BL, which have
an accuracy of around 80%. This result means that a pixel
classified in these categories is more likely to be misclassified
than those in SF, SWF, Fal, Far, and Sa. Accuracy by producer
provides information on a model that performed well for
many LCLU in 2000, 2010, and 2021. Only SWF had an
accuracy of around 50% in 2010 and 2021. This means
that the probability of a pixel assigned to this LCLU being
misclassified is high. In terms of confusion, the most notable
is that of BL in 2000, where among 27 pixels that were BL,
18 were classified as Sa and 9 as Far (Table 2).
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3.3 Dynamics of LCLU Areas Between 2000,
2010, and 2021

Figure 4 shows that between 2000 and 2010, the
areas of several LCLU increased, namely: MF (from
22,298.96 t0 24,762.14 ha), SWF (from 3,193.74 t0 3,327.36
ha), Fal (from 28.41 to 545.35 ha) and Far (from 44.25 to
161.39 ha), while those of SF (from 5,945.26 to 5,039.28
ha), Sa (9,874.39 ha to 7,553.81 ha) and BL (from 33.6 ha
to 145.72 ha) decreased.

From 2010 to 2021, MF (from 24,762.14 to
19,352.46 ha), Fal (from 545.35 to 185.67 ha), Sa (from
7,553.81 to 5,422.05 ha) and Far (from 161.39 to 130.45
ha) declined, while SF (from 5,039.28 to 9,338.35 ha),
SwF (from 545.35 to 6,848.23 ha), and BL (33.6 to 145.72
ha) increased.

During the period from 2000 to 2021, their areas
decreased considerably, with MF falling from 22,298.96
to 19,352.46 ha; Sa from 9,874.39 ha to 5,422.05 ha, and
Far from 161.39 to 130.45 ha. As for SF, SwF, Fal, and
BL, their surfaces increased.
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Table 2 Accuracy assessment for 2000, 2010, 2021 (MF: Mature forests; SF: Secondary forests; SwF: Swamp forests; Fal: Fallow land;
Sa: Savannas; Far: Farms; BL: Bare land).

Confusion matrix in 2000

TOS MF SF SwF Fal sa Far BL  Total accﬂf::;' %)
MF 935 6 1 0 0 1 0 943 99.15
SF 3 234 2 0 0 3 0 242 96.69
SwF 5 4 254 0 0 0 0 263 96.57
Fal 0 1 0 121 0 0 0 122 99.18
Sa 0 0 0 5 1472 0 6 1483 99.25
Far 0 0 0 0 3 490 0 493 99.39
BL 5 0 4 0 18 9 171 207 82.60
Total 948 245 261 126 1493 503 177 4530 0
:zzﬁ‘r‘::;s(% ) 9862 9551 97.31 9603 9859  97.41 96.61 0 81.16
Kappa: 77,25 %
Confusion matrix in 2010
MF 1000 3 229 0 0 1 0 1233 81.10
SF 3 200 2 0 0 3 0 208 96.15
SwF 1 2 246 0 0 0 0 249 98.79
Fal 0 1 0 111 0 0 0 112 99.10
Sa 0 2 4 5 1423 0 6 1440 98.81
Far 0 0 0 0 3 466 0 469 99.36
BL 5 0 4 0 18 0 180 207 86.95
Total 1009 208 485 116 1444 470 186 3918 0
ap:;‘c’ﬂ:‘::;j,/ ) 910 915 5072 9568 9854 9702  96.77 0 92.54
Kappa: 90,12 %
Confusion matrix in 2021

MF 956 1 302 0 0 1 0 1260 75.87
SF 1 197 8 0 0 3 0 209 94.25
SwF 2 4 233 0 0 0 0 239 97.48
Fal 0 1 0 125 0 0 0 126 99.20
Sa 0 0 1 5 1455 0 6 1467 99.18
Far 0 0 0 0 0 500 0 500 100
BL 1 0 4 0 10 1 196 212 9245
Total 960 203 548 130 1465 505 202 4013 0
Producers’ 9958 9704 4250 9615 9931 99.00  97.02 0 91.25

accuracy (%)

Kappa: 85,74 %
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Figure 4 Changes in LCLU areas between 2000, 2010, and 2021 in the FCM (MF: Mature forests; SF: Secondary forests; SwF: Swamp

forests; Fal: Fallow land; Sa: Savannas; Far: Farms; BL: Bare land).

3.4 Overall Rate of Change and Annual Rate
of Spatial Expansion of Different LCLU
Between 2000, 2010 and 2021

It should be noted from the outset that the annual
average rates of spatial expansion follow the same trend
as the overall change rates. Between 2000 and 2010, Sa
had a negative overall change rate of -23.50%; then -28.22
between 2010 and 2021 and -45.09% between 2000 and
2021. This result indicates that strong pressure is being
exerted on savannas by populations. In addition, during the
period 2000-2010, MF and Fal had overall change rates of
11.05% and 1819.57% respectively; these rates fell between
2010-2021 (-21.85% and -65.95%) but increased between
2000-2021 (-13.21% and 553.54%) although these rates
remained negative. SWF is the only LCLU that had only
positive and increasing change rates during the following
periods: 2000-2010 (4.18%), 2010-2021 (105.82%),
2000-2021 (114.43%) (Table 3).

3.5 Detection of Changes Between 2000
and 2021

« Transition matrix

Several changes were observed during the period
from 2000 to 2021 in the MCF (Table 4). FMs declined by
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8,730.6 ha in favor of all other LCLU identified in the MCF.
However, Sa were converted to Far and BL. BL increased
by 145.72 ha, and this is evidence of deforestation.

« Intensity of change by LCLU between 2000 and 2021

In general, three types of change affected the LCLU
during this period. These include gains, losses, and stability.
However, only Fal did not experience stability (0%) in their
land area between 2000 and 2021. MF experienced the
most significant losses (21.07%) and stability (32.75%). SF
recorded the most remarkable gains (18.28%) (Figure 5).

« Conversion rate and change rate of LCLU between
2000 and 2021

Figure 6 shows that Fal (84.18%) had the highest
conversion rate, while the lowest was found in Sa (-82.1%),
followed by MF (-15.2). The other LCLU, namely SF, SWF,
Far, and BL, had positive conversion rates of 36.37%,
53.35%, 66.13%, and 74.06%, respectively. These results
mean that the interventions orchestrated in the MCF
converted MF and Sa into SF, SwF, Fal, Far, and BL.

The Sa had the highest change rate (212.01 ha/year),
followed by MF (140.29 ha/year), which means that the
changes are more visible in the areas formerly occupied
by the Sa and MF than in the SF, SwF, Fal, Fal, and BL.

10
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Table 3 Overall rate of change and annual rate of spatial expansion of LCLU between 2000, 2010, and 2021 in the study area (MF:
Mature forests; SF: Secondary forests; SwF: Swamp forests; Fal: Fallow land; Sa: Savannas; Far: Farms; BL: Bare land).

LcLU 2000-2010 2010-2021 2000-2021
Tg Te Tg Te Tg Te

MF 11.05 1.05 -21.85 2.24 -13.21 -0.67
SF -15.24 -1.65 85.31 5.61 57.07 215
SwF 4.18 0.41 105.82 6.56 114.43 3.63
Fal 1819.57 29.55 -65.95 -9.80 553.54 8.94
Sa -23.50 -2.68 -28.22 -3.01 -45.09 -2.85
Far 264.72 12.94 -19.17 -1.93 194.80 5.15
BL -11.39 -1.21 333.69 13.34 284.28 6.41

Table 4 LCLU transition matrix in ha between 2000 and 2021 (MF: Mature forests; SF: Secondary forests; SwF: Swamp forests; Fal:
Fallow land; Sa: Savannas; Far: Farms; BL: Bare land).

Years LCLU in 2021
Layers MF SF SwF Fal Sa Far BL ';g:)aol Losses
MF 13568.05 308091 449328 5576 95.47 80.1 2508 2029865 87306
SF 333987 | 17704 64953 4782 1018 23,55 1221 504518 417478
SwF 72049 65952 | 05884 2049 812.54 283 177 319441 223557
Fal 6.04 185 202 0 174 043 0 28.43 2843
'2‘30"0” in Sa 169585 287245 74377 54.53 44088 8.33 9055 987428 546548
Far 7.08 24.37 0.11 062 0.02 11.86 0.12 4418 765
BL 13.08 18.05 0.71 059 166 3.64 0.06 37.79 37.73
Total 2021 1935246 934421 684823 17981 542204 13044 14573 41422.92
Gains 578441 75738 588942 179.81 101323 11858 145.72
BL
Far
Sa
Fal
SwF
SF
MF

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00%

MF SF SwF Fal Sa Far BL
Gains 13,96% | 18,28% = 14,22% 0,43% 2,45% 0,29% 0,35%
Losses 21,08% | 10,08% 5,40% 0,07% 13,19% 0,18% 0,09%
Stability = 32,75% 4,27% 2,31% 0% 10,64% 0,03% 0,00%

Gains Losses ® Stability

Figure 5 Intensity of change by LCLU between 2000 and 2021 (MF: mature forests; SF: secondary forests; SwF: swamp forests; Fal:
fallows; Sa: savannahs; Far: Farms; BL: Bare Land)
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Figure 6 Conversion rate (A) and rate of change (B) of LCLU between 2000 and 2021 (MF: Mature forests; SF: Secondary forests;
MF: Swamp forests; F: Fallow land; S: Savannas; C: Crops; SD: Bare land)

- Deforestation rate and degradation rate of forest
LCLU between 2000 and 2021

MF have the highest deforestation rate at 0.67%.
This result shows that MF are the most coveted forest layer
compared to SF and SWF, which had deforestation rates of
-2.15% and -3.63% respectively.

As for the degradation rate, the highest was found
in MF (5.49%), followed by SF (3.03%) and SwWF (2.22%).
These results show that each of these LCLU is losing its
forest composition (Figure 7).

Figure 7 Deforestation rate (A) and degradation rate (B) of forest LCLU between 2000 and 2021 (MF: Mature forests; SF: Secondary
forests; MF: Swamp forests; F: Fallow land; S: Savannas; C: Crops; SD: Bare land)

4 Discussion
4.1 Classification and Mapping of the MCF’s LCLU

The methodological approach used in this study
consisted of supervised maximum likelihood classification
enabled the production of maps of sufficient quality
(Mezafack et al. 2022). This method is one of the most
relevant methods for studying LCLU through remote
sensing (Kpedenou et al. 2016; Zhou et al. 2019). It is also
the most representative, as it uses reference control areas
to define the different LCLU types (Nagendra, Pareeth &
Ghate 2006; Wiatkowska, Stodczyk & Stokowska. 2021;
Zanguim et al. 2022). It must be acknowledged that
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supervised classification using maximum likelihood, which
involves applying basic photo interpretation techniques, still
presents difficulties in differentiating between homogeneous
plots when selecting training sites (Avakoudjo et al. 2014;
Mamane et al. 2018; Tsewoue et al. 2020). However, several
authors agree that the results obtained using this method
are still acceptable and satisfactory.

In addition, the overall accuracy in this study is
above 80% and the Kappa index is above 77%. Only SwF
had an accuracy around 50% in 2010 and in 2021. This
confirms the difficulty in correctly detecting this class. To
further improve the quality of their images, it would be
beneficial to include data on texture and relief. Nevertheless,
referring to the analyses presented by Pontius (2000), who
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estimates that the results of an image with a Kappa index
above 50% are statistically acceptable, we can say that
the results of this study are acceptable. Values similar to
those in this study have been found in other ecosystems in
the Congo Basin, such as Fotso et al. (2019), Mezafack et
al. (2022), Ngoukwa et al. (2025), Tsewoue et al. (2020).

4.2 Dynamics of LCLU in the Study Area

Remote sensing tools help to reconstruct past
landscapes and the dynamics to which they were subjected
(Ngo et al. 2022). Transition matrices revealed a sharp
decline in MF (+ 20%) in favor of SF, Fal, Far, and BL.
Similarly, in the Doumé and Dimako FCs, similar results
were obtained by Zekeng et al. (2019) and Mounmemi et
al. (2020), where the evolutionary trend was essentially
regressive, with dense forests with high tree density being
converted into other LCLU. These results are attributable to
uncontrolled logging, which has continued to be practiced for
decades in the MCF despite the existence of a management
plan. They are also thought to be the result of the limited
implementation of conservation or reforestation strategies
for degraded areas, as well as the municipality’s inability
to adequately monitor FIPCAM (Fabrique Camerounaise
des Parquets) activities due to a lack of qualified personnel
in this domain. In contrast, an 18.28% increase in SF was
found, indicating a regenerating environment and steady
forest stand dynamics. However, this recent expansion of
SF can sometimes hide internal degradation of the forest
environment, which is nevertheless detectable on satellite
images and confirmed by field investigations (Momo et
al. 2018; Mounmemi et al. 2020).

LCLU dynamics of MCF are contrary to those
observed in the protected areas of the forest-savanna
transition zone. In Mbam and Djerem National Park,
Fotso et al. (2019) found that dense forests tend to take
precedence over other vegetation formations, particularly
savannas and open forests, over the years. This difference
can be explained by the fact that this park is a protected
area and therefore highly degrading activities such as
logging and mining are prohibited there. This is a call to
municipalities to resort to practices such as reforestation,
combating illegal logging, as well as regulating the creation
of mining quarries and monitoring legal logging. In addition,
the vegetation dynamics in the MCF show a certain loss
of Sa (13.19%) in favor of BL. This result is similar to
that found by Ngo et al. (2022) in the Mpem and Djim
National Park. These similarities are thought to be due to
overgrazing caused by the widespread pastoral activities in
the transition zone. In short, these various results show that
the managers responsible of these ecosystems must adapt
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their management plans to the specific realities of these
ecosystems in order to ensure sustainable management.

4.3 Drivers of change in LCLU in the
Forest-Savanna Transition Zone

Analysis of LCLU map from 2000, 2010, and 2021
revealed the dynamics of certain LCLU between these
three years. Data collected in the field and the use of the
diachronic method, which involves using satellite images
to analyze LCLU dynamics, made it possible to identify
the following drivers of change: logging and mining, the
creation of plantations, livestock farming, and climate
change (FAO 2014; Zanguim et al. 2022). Since the
MCF was classified, logging has continued to intensify,
accompanied by the creation of roads for timber transport
(SIFCAM 2011; Tsewoue et al. 2020). The establishment
of agricultural plantations is the main cause of forest loss,
particularly cocoa and coffee plantations. It is a major driver
of deforestation and vegetation degradation (Avakoudjo
et al. 2014; Feudjio et al. 2023). This severe degradation
and conversion of forest into agricultural plantations
is attributable to the population living in the FCs, who
practice slash-and-burn agriculture for their subsistence
(Ngoukwa et al. 2025; Zekeng et al. 2019). Livestock
farming is responsible for the degradation and loss of several
hectares of savanna and forest due to overgrazing, with bush
fires most often lit by herders at the end of the dry season
to encourage early growth of forage plants (Tchoupou
et al. 2021; Ngo et al. 2022). However, these results are
similar to those of the FAO (2014), which stated that 90%
of deforestation is caused by unsustainable agricultural
practices. This dynamic is accompanied by biodiversity loss
and land degradation (Nguimdo 2017; Chimi et al. 2022).
This observation highlights the anthropogenic influence
on forests, thus raising the issue of the distribution of the
benefits generated by these forests in the era of sustainable
management of CF, which aims to ensure the well-being
of local populations.

Climate change occurs at several levels, firstly in the
overall modification of physical conditions favorable to the
maintenance and growth of plant formations (Gansaonré,
Zoungrana & Yanogo, 2020). But it also occurs by weakening
the living conditions of populations, which leads them to
put pressure on natural ecosystems and hence the changes
observed (Chimi et al. 2022; Tene et al. 2023). Changes in
LCLU can also have climatic origins when the ecological
zone no longer receives the minimum rainfall required for
the spontaneous regeneration of plant formations, which
is increasingly observed in the forest-savanna transition
zone (Adjonou et al. 2010).
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4.4 Implications of Studying LCLU Dynamic
for the Conservation and Sustainable
Management of FSTF

This study shows that LCLU dynamics analyses can
provide a more comprehensive overview of the elements of
LCLU that are involved in changes and forest decline. This
analysis also helps to understand the various interactions
between these LCLU, which is particularly important for
spatial planning. The conversion of forests and savannas
into highly anthropized systems such as Far, Fal and BL
can be identified and monitored through trajectory analyses.
Subsequently, conservation, reforestation, and zoning
management policies can be developed to guide these
changes in more sustainable directions. In fact, Mounmemi
et al. (2020) found that the expulsion of populations from
the Dimako CF contributed to a forest area gain of 100.59
ha/year between 2000 and 2015. Neglecting such measures
can also drive remarkable changes in the socio-cultural
environment of the ecosystem, impact the production
of ecosystem services, and lead to a loss of biological
diversity and carbon stocks. Therefore, it is essential and
recommended that local communities should be involved
in the planning and management process for this area,
as they can play an important role in changes in LCLU
and may also be affected by these changes. To reduce
the pressure exerted by the populations in the MCF, its
managers can first organize awareness-raising meetings
for them on the purpose of creating a CF and its role in
maintaining a healthy environment, since more than 80%
of local residents say they were not consulted when the CF
was created (Yemefack & Alemagi 2016). Once awareness
has been raised, the municipality can also proceed with the
reforestation of its CF and may later deport the populations
from the CF in order to preserve this ecosystem.

To curb these changes, which are negatively affecting
LCLU in the MCEF, three management options are possible
and recommended to the municipality: either conserving less
degraded areas by prohibiting certain activities (logging,
agriculture, livestock farming, mining); or reforesting or
rehabilitating degraded areas; or implementing a zoning
plan for their CF, thereby assigning each area an economic,
social, or ecological function in order to meet expectations
related to the SFM.

5 Conclusion

At the end of this study, which aimed to analyze
land use dynamics in the MCF between 2000, 2010, and
2021, it appears that LCLU in this CF has undergone several
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changes due to various factors that have contributed to the
degradation of this ecosystem. Consequently, the municipal
executive is called upon to urgently address each of these
drivers of degradation in order to save this ecosystem,
which could lose its biodiversity and several ecosystem
services it provides over the years. Indeed, reforestation that
follows the pace of logging would boost the regeneration
index, which is very low in the MCF. Furthermore, since
the municipality is engaged in the sustainable management
process, which requires all stakeholders to be involved in
forest management not only at the decision-making and
implementation levels, but also in terms of sharing the
benefits derived from CF management, the municipality
of Minta is encouraged to emphasize this sociological
component of sustainable forest management. Therefore,
it will improve the living standard of its populations, which
have been largely neglected to date. Finally, the municipality
of Minta must ensure that the purpose of the CF, which is to
produce timber, is respected while ensuring the sustainability
of these forests. Consequently, it is strongly recommended
that deforestation activities such as agriculture and mining
be stopped in order to contribute to the effectiveness of
SFM, to which the entire nation is committed.

6 Acknowledgements

We express all our gratitude to the project
“Sustainable Forest management under the authority of
Cameroonian councils” GCP/CMR/033/GFF GEF ID:
4800 /FAO who have provided the financial support and
facilities to achieve this work. We are also grateful to the
Minta municipalities for their good cooperation and for
making their staff available to help us collect data. We
furthermore express our thanks to all those involved in the
fieldwork and data collection, analysis, correction as well
as community members of the different village of Minta’.

7 References

Adjonou, K., Djiwa, O., Kombate, Y., Kokutse, A.D. & Kokou,
K. 2010, ‘Etude de la dynamique spatiale et structure des
foréts denses seches reliques du Togo : implications pour une
gestion durable des aires protégées’, International Journal of
Biological and Chemical Sciences, vol. 4,no. 1, pp. 168—183.

Almeida, D.R.A.D., Vedovato, L.B., Fuza, M., Molin, P., Cassol,
H., Resende, A.F., Krainovic, PM., De Almeida, C.T., Amaral,
C., Haneda, L., Albuquerque, R.W., Gorgens, E., Romanelli,
J., Ferreira, M., Salk, C., Espinoza, N., Silva, C., Broadbent,
E. & Brancalion, P.H.S. 2025, ‘Remote sensing approaches
to monitor tropical forest restoration: current methods and
future possibilities’, Journal of Applied Ecology, vol. 62,
pp- 188-206.

14


https://creativecommons.org/licenses/by/4.0/deed.en

Land Cover and Land Use Dynamics in Cameroon’s Forest-Savanna Transition Zone: Implications for...

Avakoudjo, J., Mama, A., Toko, 1., Kindomhou, V. & Sinsin, B.
2014, ‘Dynamique de I’occupation du sol dans le Parc National
du W et sa périphérie au nord-ouest du Benin’, International
Journal of Biological and Chemical Sciences, vol. 8, no. 6,
pp- 2608-2625, DOI: 10.4314/ijbcs.v8i6.22

Babu, K.N., Jetty, S., Ayushi, K., Gour, R., Mandyamn, S.,
Ayyappan, N. & Parthasarathy, N. 2024, ‘Integration of
community ecology and habitat suitability modelling for
restoration and conservation of two endemic tree species
from the Western Ghats’, Trees, India.

Bernier, B. & Simon Y. 1995, Initiation a la macroéconomie,
Dunod, Paris, France.

Bozongo, J. 2018, ‘Les déterminants de la déforestation : cas du
Bassin du Congo’, Proceedings of I’Université N’Gouabi,
vol. 18, no. 2, pp. 45-56.

Bui, D.H. & Mugcsi, L. 2021, ‘From land cover map to land use
map: a combined pixel-based and object-based approach using
multi temporal landsat data, a random forest classifier, and
decision rules’, Remote Sensing, vol. 13, no. 1700.

Chimi, C.D., Enamba, C., Ngansop, M., Léocadie, 1., Ntonmen,
Y., Guyléne, N., Christelle, T., Pany, N., Didier, M., Awazi,
N.P., Elvis, N., Banoho, L.P.R., Christian, M. & Zapfack,
L. 2022, ‘Local population perspectives of the ecosystem
services provided by the kebe block forest in the east region
of Cameroon’, Forestist, vol. 73.

Darem, A.A., Alhashmi, A.A., Almadani, A.M., Alanazi, A.K.
& Sutantra, G.A. 2023, ‘Development of a map for land use
and land cover classification of the Northern Border Region
using remote sensing and GIS’, Egyptian Journal of Remote
Sensing and Space Sciences, vol. 26, pp. 341-350.

Dicko, A., Biaou, S.S., Natta, A., Gado, C. & Kouagou, M.M.
2016, ‘Influence des pressions anthropiques sur la structure
des populations de Pentadesma butyracea au Benin’, VertigO,
vol. 16.

FAO. 2014, ‘Methodology proposed for the analysis of the agents
and causes of deforestation in the component 4 pilot sites of
the FFEM Project’, Working paper, Rome.

Feudjio, F.L., Tiomo, I.F., Kamga, B.Y., Mounmemi, K.H.,
Tanougong, N.A.D., Nguetsop, V.F. & Zapfack, L. 2023,
‘Predicting land use/land cover changes in the Santchou
Wildlife Reserve (Santchou, West-Cameroon) using a CA-
Markov model’, Trees, Forests and People, vol. 14, 100438.

Fotso, R., Fosso, B. & Mbenda, G.N. 2019, ‘Evolution du couvert
végétal du Parc National Mbam et Djerem et sa périphérie
entre 2000-2018, Hal-02189462, 18p.

Gansaonré, R.N., Zoungrana, B.J.B. & Yanogo, P.I. 2020,
‘Dynamique du couvert végétal a la périphérie du Parc W
du Burkina Faso’, Belgeo, vol. 21, no. 1, pp. 1-23, DOI:
10.4000/belgeo.40786

Ghilardi, A., Bailis, R., Mas, J.F., Skutsch, M., Elvir, J.A.,
Quevedo, A., Masera, O., Dwivedi, P., Drigo, R. & Vega, E.
2016, ‘Spatiotemporal modeling of fuelwood environmental
impacts: towards improved accounting for non-renew-able
biomass’, Environmental Modelling & Software, vol. 82,
pp. 241-254.

Girard, M.C. & Girard, C.M. 1999, Traitement des données de
télédétection, Dunod, Paris.

Anu. Inst. Geociénc., Rio de Janeiro, vol. 49, 2026, e70058

Temfack et al.

Issiako, D. & Arouna, O. 2018, ‘Dynamic land use before and
after the development of the participatory management plant
for the Alibori superior classified forest in north Benin’, in
O.A.V. Orekan Mertens B., Ahononga C.F. and Yente H.A.B.
(éds) Images satellitaires pour un meilleur aménagement
des territoires et une gestion 134 durable de la biodiversité,
Observation Spatiale des foréts d’ Afrique Centrale et de 1’ouest/
Laboratoire de Biogéographie et Expertise Environnementale,
campus universitaire d’Abomey-Calavi: 193-210.

Kamungandu, C.M. 2009, La dégradation des foréts en République
Démocratique du Congo: Etudes de cas sur I’évaluation de
la dégradation des foréts, FAO, Rome.

Kookana, R.S., Drechsel, P., Jamwal, P. & Vanderzalm, J. 2020,
‘Urbanisation and emerging economies: issues and potential
solutions for water and food security’, Science of The Total
Environment, vol. 732, 139057.

Kpedenou, K.D., Boukpessi, T. & Tchamie, T.T.K. 2016,
‘Quantification des changements de 1’occupation du sol dans
la préfecture de Yoto (sud Est Togo) a 1’aide de ’imagerie
satellitaire Landsat’, Revue des Sciences de I’ Environnement
de I'Université de Lomé (Togo), no. 13, pp. 137-156.

Letouzey, R. 1985, Etude phytogéographique du Cameroun, Paul
Lechevalier, Paris, 503p.

Leroy, B., Bellard, C., Dubois N., Colliot A., Vasseur M., Courtial
C., Bakkenes M., Canard A. & Ysnel F.2014, ‘Forecasted
climate and land use changes, and protected areas: the
contrasting case of spiders.’ Diversity and Distributions,
hal -032586009, 1, 12 p, https://hal.science/hal-03258609v1

Loi forestiere 2024, Loi n°® 2024/008 du 24 Juillet 2024 portant
régime des foréts et de la faune, Cameroun, 53 p.

Lounis, B., Rabia, S., Ramoul, A. & Belhadj, A.A. 2010, ‘An
adaptive method using genetic fuzzy system to evaluate
suspended particulates matters SPM from Landsat and
Modis data’, Proceedings of ICISP (Trois Rivieres, Canada),
Springer, Berlin-Heidelberg, pp. 137-146.

Mamane, B., Amadou, G., Barrage, M., Comby, J. & Ambouta,
J.M.K. 2018, ‘Dynamique spatiotemporelle d’occupation du
sol dans la Réserve Totale de Faune de Tamou dans un contexte
de la variabilité climatique (Ouest du Niger)’, International
Journal of Biological and Chemical Sciences, vol. 12, no. 4,
pp. 1667-1687, DOIL: 10.4314/ijbcs.v12i4.13

Mapong-metsem, P.M., Etchiké, D. & Ngassoum, M.B. 2016,
‘Conservation and Enhancement of Biodiversity in the
Agroforests of the Peri-Urban Area of the City of Bafia
(Central Region in Cameroon)’, Scientific and Technical
Review Forest and Environment of the Congo Basin, vol.
6, pp. 60—69.

Mertens, B., Ahononga, C.F. & Yente, H.A.B. 2012, ‘Observation
Spatiale des foréts d’Afrique Centrale et de I’ouest/
Laboratoire de Biogéographie et Expertise Environnementale,
campus universitaire d’Abomey-Calavi’, in Orekan O. A.
V., Abdoulaye D. Agbanou B. T. & GBAI 1. (eds), Images
satellitaires pour un meilleur aménagement des territoires et
une gestion durable de la biodiversité, pp. 193-210.

Mezafack, K.L., Tata, J.N., Kana, C., Momo, S., Nguefack, J.A.,
Tientcheu, L. & Masango, S. 2022, ‘Dynamique spatio-
temporelle de I’occupation du sol dans le Parc national du

15


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.4314/ijbcs.v8i6.22
https://doi.org/10.4000/belgeo.40786
https://hal.science/hal-03258609v1
https://doi.org/10.4314/ijbcs.v12i4.13

Land Cover and Land Use Dynamics in Cameroon’s Forest-Savanna Transition Zone: Implications for...

Mont Cameroun et sa périphérie (Région du Sud —Ouest
Cameroun), entre 1986 et 2020°, International Journal of
Geomatics, Planning and Resources Management, vol. 3,
no. 10, pp. 261-281.

MINFOF. 2013, Gestion durable des foréts du Cameroun : bilan
et Perspectives, Ministere des Foréts de la Faune Yaoundé,
Cameroun, 17 p.

MINFOF. 2018, Contexte général et ressources foresticres du
Cameroun, Ministére des Foréts et de la Faune du Cameroun
papier occasionnel, 5 p.

Momo, S.M.C., Njouonkouo, A.L., Temgoua, L.F., Djouda, Z.R.,
Wouokoue, T.J.B. & Ntoukpa, M. 2018, ‘Land use/land cover
change and anthropogenic causes around Koupa-Matapit
gallery forest, West-Cameroon’, Journal of Geography and
Geology, vol. 10, 56.

Mounmemi, K.H., Zapfack, L., Maffo, M.L.N., Ousseni, A.,
Chimi, D.C., Kabelong, B.L-P-R., Temegne, N.C., Ntonmen,
Y.A.F., Tchoupou, V.M., Tabue, M.R.B., Guemdjo, K.P.M.,
Meyan-ya, D.R.G. & Leukefack, A. 2020, ‘Vegetation
dynamics in a forest management context in Cameroon:
Case of Dimako Communal Forest’, Journal of Biodiversity
and Environmental Sciences, vol. 17, no. 3, pp. 139-155,
http://www.innspub.net

Nagendra, H., Pareeth, S. & Ghate, R. 2006, ‘People within
parks-forest villages, land-cover change and landscape
fragmentation in the Tadoba Andhari Tiger Reserve’, India
Applied Geography, vol. 26, pp. 96—112.

Ngo, M.R., Tchindjang, M., Palla, F., Zapfack, L. & Makak, J.S.
2024, ‘Dynamique paysagere du Parc National de Mpem &
Djim entre 1986 et 2022°, Revue Internationale Dénni, vol.
4, no. 1, pp. 237-251, https://revuedonni.wordpress.com

Ngoukwa, G., Djomo, C.C., Banoho, K.L-P-R., Bakonck, L.M.,
Zekeng, J.C., Ntonmen, Y.A., Tabue, M.R.B., Lekeufack, A.,
Tchonang, D.B.L., Nana, N.J.J., Mounmemi, H.K., Bawou,
M., Rim, A., Agendia, A.P., Tsopmejio, T.I., Djoukang, N.V.,
Nbendah, P., Njila, N.E.N. & Zapfack, L. 2023, ‘Perception
and adaptation strategies of forest dwellers to climate
variability in the tropical rainforest in eastern Cameroon:
the case of the inhabitants of the belabo-diang communal
forest’, Heliyon, vol. 9.

Ngoukwa, G., Zekeng, J.C., Djoumbi, T.B.L., Djomo, C.C.,
Banoho, K.L-P-R., Ntonmen, Y.A. & Zapfack, L. 2025,
‘Spatiotemporal dynamics of land use and land cover types
within the BelaboDiang communal forest in East Cameroon’,
Modeling Earth Systems and Environment, vol. 11, 234, 18
p-» DOIL: 10.1007/s40808-025-02416-w

Nguimdo, V. 2017, ‘Dynamique de la déforestation, de
la dégradation et des stocks de carbone dans la forét
d’Enseignement et de Recherche de I’Université de Dschang
a Bélabo, Est Cameroun’, Master dissertation, Université de
Dschang, Cameroun.

Njeugeut, M.A.C., Youan, T.M., Sorokoby, V.M., Assoma, T.V.,
Adja, M.G. & Jourda, J.P. 2021, ‘Dynamique d’occupation
du sol du bassin versant de la volta, par la méthode de 1’arbre
de décision, a partir des images multispectrales de la geragdo
Landsat de 1990 22020°, International Journal of Engineering
Science Invention, vol. 10, no. 4, pp. 34-45.

Anu. Inst. Geociénc., Rio de Janeiro, vol. 49, 2026, e70058

Temfack et al.

Omari, L. 2005, ‘Contribution a 1’étude d’un écosystéme a
Artemesia Herba alba dans le Sud Oranais ; diagnose
phytoécologique et cartographique par télédétection spatiale’,
Master dissertation, Université USTHB, Algérie.

PNDP. 2015, Plan de développement communal de Minta, 2015,
PNDP, AADIH, 250 p.

Poissonnet, M. & Lescuyer, G. 2005, ‘Aménagement forestier
et participation : quelles legons tirer des foréts communales
du Cameroun ?°, VertigO — La revue en sciences de
[’environnement, vol. 6, no. 2, 6 p., DOI: 10.4000/vertigo.4290

Pontius, R.G. 2000, ‘Quantification error versus location
in comparison of categorical maps’, Photogrammetric
Engineering and Remote Sensing, vol. 66, no. 8, pp. 1011-1016.

Santos, G. 2001, ‘Classification automatique, carte d’occupation
des sols dans la vallée de Biriatou’, Télédétection. Rapport
de stage.

SIFCAM. 2011, Plan d’Aménagement de la forét communale
de Minta, 157 p.

Surya, B., Ahmad, D.N., Sakti, H.H. & Sahban, H. 2020, ‘Land
use change, spatial interaction, and sustainable development
in the metropolitan Urban areas, South Sulawesi Province,
Indonesia’, Land.

Tchoupou, V.M.C., Nkengbeza, N.S., Tetchieu, G.1., Maffo,
M.L.N., Dongmo, Z.D., Madountsap, T.N., Djomo, C.C.,
Banoho, K.L-P.R., Essono, D., Tounkam, N.M., Mounmemi,
K.H., Kenmougne, P.M., Ntonmen, Y.A.F., Leukefack, A. &
Zapfack, L. 2021, ‘Impact of Bush Fire and Grazing on the
Diversity of Herbaceous Plants in the Savannah’s Zones of
the Ndikinimeki District Central Cameroon’, Asian Journal
of Research in Biosciences, vol. 3, no. 2, pp. 21-32.

Tene, K.L., Momo, S.M.C., Tanougong, D.A., Dong, E.A.B.,
Monthe, S.R. & Tchokomeni, A. 2023, ‘Analysis of the
Dynamics of Vegetation Cover and Land Use in Forest
Management Unit 00-004 and its Surroundings on the Coast
of Cameroon’, Anudrio do Instituto de Geociéncias, vol. 46,
56870, 14 p., DOIL: 10.11137/1982-3908 2023 46 56870.

Tsewoue, M.R., Tchamba, M., Avana, M.L. & Tanougong, A.D.
2020, ‘Dynamique spatio-temporelle de I’occupation du sol
dans le Moungo, Région du Littoral, Cameroun: influence sur
I’expansion des systémes agroforestiers a base de bananiers’,
International Journal of Biological and Chemical Sciences,
vol. 14, no. 2, pp. 486-500.

Tyukavina, A., Stehman, S.V., Foody, G.M., Bontemps, S., See,
L., Olofsson, P., Tsendbazar, N.E., Radoux, J., Komarova,
A., Serre, B.M., Song, X.P., d’Andrimont, R., Koren, G.,
Potapov, P., Bullock, E.L., Campbell, P., de Bruin, S.,
Defourny, P., Friedl, M.A., Fritz, S., Hansen, M.C., Herold,
M., Lamarche, C., Lesiv, M., Mané, L., Meroni, M., Nickeson,
J.E., Pelletier, F., Pickens, A., Reiche, J., Schepaschenko,
D., Tarrio, K., Verhegghen, A., Woodcock, C. & Xiao, X.
2025, ‘Land Cover and Change Map Accuracy Assessment
and Area Estimation Good Practices Protocol. Version 0.1°,
in A. Tyukavina, S. V. Stehman, G. Foody, S. Bontemps,
A. Komarova, N. E. Tsendbazar & J. Nickeson (eds), Good
Practices for Satellite Derived Land Product Validation: Land
Product Validation Subgroup (WGCV/CEOS), 187 p., DOIL:
10.5067/doc/ceoswgev/lpv/1c.001

16


https://creativecommons.org/licenses/by/4.0/deed.en
http://www.innspub.net
https://revuedonni.wordpress.com
https://doi.org/10.1007/s40808-025-02416-w
https://doi.org/10.4000/vertigo.4290
https://doi.org/10.11137/1982-3908_2023_46_56870
https://doi.org/10.5067/doc/ceoswgcv/lpv/lc.001

Land Cover and Land Use Dynamics in Cameroon’s Forest-Savanna Transition Zone: Implications for...

Vazquez, P. 2023, ‘Humanity and environment, the problematic
relationship between changing nature and gender difference’,
Sustainable Chemistry and Pharmacy, vol. 36, 101262.

Wahelo, T. T., Mengistu, D. A. & Merawi, T. M. 2024,
‘Spatiotemporal trends and drivers of forest cover change in
Metekel Zone forest areas Northwest Ethiopia’, Environmental
Monitoring and Assessment, vol. 196, 1170.

Wiatkowska, B., Stodczyk, J. & Stokowska, A. 2021, ‘Spatial-
temporal land use and land cover changes in urban areas using
remote sensing images and GIS analysis: the case study of
Opole Poland’, Geosciences, vol. 11, 312.

Wu, N., Huang, L., Zhang, M., Dou, Y., Mo, K. & Liu, J. 2025,
‘Remote sensing detection of forest changes in the south ridge
corridor and an attribution analysis’, Forests, vol. 16, 205.

Yemefack, M. & Alemagi, D. 2016, ‘Caractérisation et typologie
de 17 foréts communales du Cameroun’, Rapport de 1’activité,
99 p.

Zakari S., Mazo 1., Toko 1. I., Djaouga M., Arouna O. & Thomas
0., 2018, ‘Mapping spatiotemporal changes in land cover
units in the Goungoun classifield forest and its riparian
lands.’ In : Orekan O.A.V., Mertens B., Ahononga C.F. &
Yente H.A.B. (éds) Images satellitaires pour un meilleur
aménagement des territoires et une gestion durable de la
biodiversité. Observation Spatiale des foréts d’Afrique
Centrale et de I’ouest, Laboratoire de Biogéographie et
Expertise Environnementale, campus universitaire d’ Abomey-
Calavi, 1 : 229-246.

Zanguim, G.H.T., Shidiki, A.A., Tientcheu, A.L.T. & Tchamba,
M.N. 2022, ‘Analysis of the Spatio-Temporal Dynamics of
Land Use in the Bamboutos Mountains of the West Region

Author contributions

Ingrid Tsopmejio Temfack: conceptualization; formal analysis; writing
original draft; writing review and editing; supervision; visualization.
Amandine Flore Ntonmen Yonkeu: conceptualization; formal analysis;
writing review and editing. Cédric Chimi Djomo: formal analysis;
methodology; validation; writing review and editing. Hubert Kpoumie
Mounmemi: formal analysis; methodology; writing review and editing.
Louis Zapfack: conceptualization; formal analysis; methodology;
validation; writing review and editing; supervision. Darling Djoumene
Wado: methodology; writing review and editing. Guyléne Ngoukwa:
methodology; writing review and editing. Aurélien Richy Nkouankam
Tchayep: methodology; writing review and editing.

Confilict of interest
The authors declare no potential conflict of interest.

How to cite:

Temfack et al.

of Cameroon’, Open Journal of Forestry, vol. 12, no. 2, pp.
216-234.

Zekeng, J.C., Fobane, J.L., Nganyo, H.M., Sebego, R., Mphinyane,
W.N., Onana, J.M., Ebanga, P.A., Etoundi, M.L.F. & Abada,
M.M.M. 2021, ‘Plant diversity and conservation concerns in
a semi-deciduous rainforest in Cameroon: implications for
sustainable forest management’, Folia Geobotanica, vol.
56, pp. 81-95.

Zekeng, J.C., Reuben, S., Wanda, N., Mphinyane, Morati, M.,
Dileswar, N., Fobane, J.L., Onana, J.M., Forbi, P.F. & Mbolo,
M.A.M. 2019, ‘Land use and land cover changes in Doume
Communal Forest in eastern Cameroon: implications for
conservation and sustainable management’, Modeling Earth
Systems and Environment, vol. 5, pp. 1801-1814, DOI:
10.1007/s40808-019-00637-4

Zekeng, J.C., Van Der Sande, M.T., Fobane, J.L., Mphinyane,
W.N., Sebego, R., Ebanga, P.A. & Mbolo, M.M. 2023,
‘Environmental, structural, and taxonomic diversity factors
drive aboveground carbon stocks in semi-deciduous tropical
rainforest strata in Cameroon’, African Journal of Ecology,
vol. 61, pp. 163-175.

Zhang, Y., Liu, S., Wang, Y., Gao, H., Jiang, Y. & Wei, D. 2023,
‘Forest management practices and policies exert strong
impacts on the spatio-temporal variations of forest disturbance
in Hunan Province, China over the last three decades’, Forest
Ecology and Management, vol. 544, 121167.

Zhou, Y., Dong, J., Liu, J., Metternicht, G., Shen, W., You, N.,
Zhao, G. & Xiao, X. 2019, ‘Are There sufficient landsat
observations for retrospective and continuous monitoring of
land cover changes in China?’, Remote Sensing, vol. 11, 1808.

Data availability statement
Scripts and code are available on request.

Funding information
Food and Agriculture Organization of the United Nations.

Editor-in-chief
Dr. Claudine Dereczynski
Dr. Fernanda Cerqueira Vasconcellos

Associate Editor
Dr. Gustavo Mota de Sousa

Temfack, I.T., Yonkeu A.F.N., Djomo C.C., Mounmemi H.K., Zapfack L., Wado D.D., Ngoukwa G., & Tchayep A.R.N. 2026, ‘Land Cover and Land Use
Dynamics in Cameroon’s Forest-Savanna Transition Zone: Implications for the Conservation and Sustainable Management of the Minta Communal
Forest', Anuério do Instituto de Geociéncias, 49:670058. https://doi.org/10.11137/1982-3908_2026_49_70058

Anu. Inst. Geociénc., Rio de Janeiro, vol. 49, 2026, e70058

17


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1007/s40808-019-00637-4

