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Simulation of forest 

cover losses: case 

study of the East 

and South Regions 

of Cameroon 

Abstract 

The Congo Basin forest, 

the second-largest 

rainforest in the world, 

has been the subject of 

worldwide scientific 

debate and continuous 

monitoring for the last 

two decades. 

Cameroon, which has 

nearly 10% of the 

forests of the Congo 

Basin, is observing an 

accelerated and poorly 

controlled 

disappearance of its 

core forest in the 

eastern and southern 

regions, and a difficulty 

in setting up systems to 

restore degraded 

forests and create new 

ones. It is, therefore, imperative to examine the loss of 

forest cover in these regions. This article measures and 

quantify the gains and losses of forest cover 

disaggregated to the scale of the districts of the eastern 

and southern regions to evaluate the integrity of forest 

landscapes with respect to anthropogenic pressures, to 

forecast the forest cover of these regions for the year 

2050, and to present and quantify in terms of area the 

potential sites of forest restoration. The primary data for 

our article are time series of satellite images, coupled 

with the Cameroon Forest Atlas. The results obtained 

indicate that the forest core of Cameroon is 

disappearing at an exponential rate and presents 

alarming integrity recoveries with respect to anthropic 

pressures. 46% of the study area has a high level of 

integrity, 37% a medium level, and 17% a low level. For 

the year 2050, forecasts of forest cover change 

obtained by implementing the RCP8.5 scenario indicate 

systematic losses of 13% in the East and 8% in the 

South compared to the current state. The Eastern 

region, having lost 2.96% over the period 2001-2020 of 

its forest cover of the year 2000 can restore up to 

1.18%. On the other hand, in the South region, the 

6.29% of losses over the same period, can be restored 

by 0.92%. This descriptive, predictive and prescriptive 

study of forest cover contributes to the monitoring of 

Cameroon’s forest core and would serve as a guide for 

forest managers, to orientate and accentuate in these 

regions, the efforts of reforestation and afforestation. 

Keywords: Deforestation; forest cover; forest degradation; natural resources; REDD+ 
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1. Introduction 

Forests are an essential link for life on earth. They participate in the recycling of air, 

and the fight against climate change and are at the same time one of the main sources 

of carbon sink in the world, a living environment for great biodiversity, and a feeder of 

humankind. However, and particularly in the case of Cameroon, they present alarming 

environmental, economic destruction and immense social challenges. The present 

study arises from the observation of an accelerated and poorly controlled 

disappearance of Cameroon’s forest core, and the difficulty to set up systems of 

restoration and creation of new forests. Cameroon’s forests are monitored by MINFOF 

(Ministry of Forests and Wildlife), MINEPDED (Ministry of Environment, Nature 

Protection, and Sustainable Development), WRI (World Resources Institute), and 

CIFOR (Center for International Forestry Research), among others, whose work 

reports on national and regional changes in forest cover, as well as the drivers of these 

change. This work suffers from the limitations and problems of spatial data 

aggregation, which result in the disappearance of details as one moves up in 

geographical levels. This makes the results less meaningful. Prime, this article 

highlights the issue of the partial absence of information on the quantification of forest 

cover losses disaggregated to the scale of the districts of the regions of East and South 

Cameroon, and the total absence of forecasts of the state of the forests of the said 

regions. Segundo, the curious and astonishing situation of everyone in observation of 

the anthropogenic pressures on the forest landscapes of these regions and the great 

delay in the policies for the restoration of these forests. This raises the question: how 

can we contribute to filling these knowledge gaps and thus participate in the 

development of this declining forest potential? More precisely, how can we respond to 

the dynamics of changes in forest cover in the regions of East and South Cameroon 

at the scales of their administrative subdivisions? How do we assess the integrity of 

these once lush forests in light of anthropogenic pressures? Assuming the 

circumstances are maintained, what would be the state of forest cover in these regions 

in the next thirty years? Where can we act to challenge these existing conditions? In 

this study, we aim to report on changes and forecasts of forest cover in the East and 

South Cameroon regions, assess their integrity, and propose potential sites for forest 

restoration. To execute this, we assume that: 
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- The loss of forest cover is increasing exponentially, which would lead to a loss 

of more than 10% of the forest cover of the regions of East and South Cameroon 

in 2050 if these circumstances are maintained, compared to the reference cover 

in the year 2000; 

- The retreat of the forests weakens their integrity. As such, it makes any action 

of forest restoration difficult. 

This will lead us to: 

- Measure and quantify the gains and losses of forest cover disaggregated to the 

scale of the districts, through the interpretation of time series of satellite images 

via Google Earth Engine; 

- Assess the integrity of forest landscapes with respect to anthropogenic 

pressures, through the globally consistent and continuous index of forest 

landscape integrity; 

- Forecast forest cover for the year 2050 by implementing the RCP8.5 scenario 

coupled with the CESM1 BGC, CESM1 CAM5, and HadGEM2 models; 

- Present and quantify in terms of area, the potential forest restoration sites will 

be obtained by subtracting the current forest cover and areas of human 

activities, from the current forest potential. 

2. Methodology 

2.1. Study Area 

The study is carried out in Cameroon, in its Eastern and Southern regions, each of 

which has four departments (Figure 1, Figure 2) and 33 districts in the Eastern region 

(Figure 3), and 29 districts in the Southern region (Figure 4). 



e_AOPL Journal of Social Sciences, Vol. 1, No. 1, 2022 

  

Ngameni, D. P. J. & Etouna, J. 5 

 

 
Figure 1: East Region 

 
Figure 2: South Region 
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Figure 3: Districts of the Eastern Region 
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Figure 4: Districts of the Southern Region 

 



e_AOPL Journal of Social Sciences, Vol. 1, No. 1, 2022 

  

Ngameni, D. P. J. & Etouna, J. 8 

 

2.1.1. Eastern region: general socio-economic and physical parameters 

The Eastern Region made of a mosaic of indigenous, Bantu, and Sudanese people 

has an economy strongly supported by the forestry and mining sectors (INS 2020a). 

The region has two types of climate: one equatorial in the southern part, particularly in 

Yokadouma, and the other equatorial and tropical transition in the northern part, 

particularly in Bertoua, Bétaré-Oya, and Garoua-Boulaï. The hydrographic network of 

the region is composed of eight rivers: the Nyong, Djerem, Doumé, Kadey, Ngoko, Dja, 

Pangar, and Lom. The region, which presents different physical faces, is rich in tourist 

potential. Its relief is characterised by a vast plain whose highest altitudes vary between 

800 and 900 meters in the west and the lowest around 400 meters in the southwest 

(Figure 5). The vegetation of the region consists mainly of forests that cover the entire 

Haut-Nyong and Boumba-Ngoko departments, and parts of the Lom-Djerem and 

Kadey departments. The transition zone includes the towns and communes of Bertoua 

and Ndélélélé. It is also of the savanna, which covers the entire northern part and 

extends over the rest of its area. 

2.1.1. Southern region: general socio-economic and physical parameters 

The Southern Region is one of the most cosmopolitan regions in Cameroon, populated 

by at least fifteen ethnic groups, all of them Bantu. The region’s economy is sustained 

by the forestry and mining sectors, agriculture, and tourism (INS 2020b). It has an 

equatorial Guinean climate characterised by abundant rainfall. The region's 

hydrographic network is composed of the main rivers: the So'o, the Ntemlong, the 

Lokoundje, the Dja, the Lobé, and the Kienké. The relief dominates the southern 

Cameroonian plateau, with an altitude varying between 0 and 1,000 m. There is a 

plateau in the east that rises to 1,000 m; an Atlantic coastal plain 150 km long south of 

Kribi; and a monotonous succession of convex hills that vary in altitude from 650 to 

1,000 m (Figure 6). The vegetation of the region is mainly made up of dense rainforest 

characterized by abundant rainfall and found at low altitudes along the coast, dense 

evergreen rainforest (temperate) found in the Dja-et-Lobo, and dense swamp forest 

found mainly in the coastal zone. 
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Figure 5: Map of the relief of the Eastern Region 
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Figure 6: Map of the relief of the Southern Region 
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2.2. Local quantification of forest cover change 

To evaluate the losses and gains of forest cover in our study area, and thus to put 

these losses and gains on the same scale, we relied on the work of Hansen et al. 

(2013). The objective here is to combine in a single map the baseline forest cover in 

the year 2000, with the forest cover gains recorded from 2001 to 2012, and the forest 

cover losses recorded from 2001 to 2020. This study is the result of the analysis of the 

Landsat image time series characterising forest extent and change. Trees are defined 

as vegetation greater than 5 m in height and expressed as a percentage per pixel. 

Forest cover loss is a change from forest to non-forest over the period 2001-2020. 

Forest cover gain is the inverse of loss or a change from non-forest to a full forest state 

during 2001-2012. Losses were disaggregated to the annual scale. In addition, gains 

do not account for tree regrowth initially recognized as forest (Hansen et al. 2013). 

2.3. Assessment of forest landscape integrity 

To assess the impact of anthropogenic factors on forest cover conditions, the Index of 

Forest Landscape Integrity (FLII) was calculated for the study area. This assessment 

focuses on the work of Grantham et al. (2020). To execute this, integrated with the 

forest extent data defined as all woody vegetation greater than 5m tall (Hansen et al., 

2013), the following data; observed human pressures (e.g., infrastructure, agriculture, 

tree cover loss) that can be directly mapped using current datasets; Inferred pressures 

modeled based on proximity to observed pressures (e.g., collection of forest materials) 

occurring in association with those that are observed, but cannot be directly mapped; 

and changes in forest connectivity. 

FLII scores range from 0 (lowest integrity) to 10 (highest integrity). This range is 

discretized to define three broad illustrative categories: low (<6.5), medium (≥6.5 and 

<9.5), and high integrity (≥9.5) by comparison with reference locations worldwide. 

2.4. Prediction of gain and loss risks in 2050 

Predictions of change were obtained by differencing the expected 2050 total potential 

tree cover from the current total potential tree cover and draws on the work of Jean-

Francois Bastin and Devin Routh. The current total potential tree cover was obtained 

by extrapolating the forest through a random regression model of machine learning of 

forests (Breiman 2001), based on the environmental covariates that best predict the 

training samples in protected areas of the world, namely:  
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Five climate variables (mean annual temperature, annual precipitation, precipitation 

seasonality, mean temperature of the wettest quarter, precipitation of the driest 

quarter), three soil variables (organic carbon stock 0-15 cm, depth to bedrock, sand 

content 0-15 cm), and two topographic variables (elevation and hill shading). For future 

projections, the original model was revisited, keeping the three soil variables and two 

topographic variables unchanged and updating the five bioclimatic variables from three 

general circulation models commonly used in ecology (Martin et al. 2011; Hurrell et al. 

2013) under an RCP8.5 scenario. Two Community Earth System Models (CESMs) 

were chosen to investigate a diverse set of land-system interactions: the CESM1 BGC, 

a carbon-climate model that accounts for carbon feedback from the land, and the 

CESM1 CAM5, an eighth-generation atmospheric general circulation model (Hurrell et 

al. 2013). In addition, the Earth system component of the Met Office Hadley Centre 

HadGEM2 family of models was used as the third and final model (Martin et al. 2011). 

The risk assessment of changes between current and future forest cover potential was 

derived by subtracting the “current potential” from the “future potential” so that potential 

increases were positive and potential decreases were negative. Importantly, the choice 

of the general circulation model affects less than 5% of the estimated future potential 

forest cover, showing that all general circulation models consistently predict losses in 

forest cover by 2050 (Bastin et al. 2019). 

2.5. Assessment of forest restoration potential 

Inspired by the work of Jean-Francois Bastin and Devin Routh, to have the total area 

available for forest restoration, the current estimate of forest extent calculated from the 

forest cover map published by Hansen and colleagues (Hansen et al. 2013), the extent 

of global potential forests (estimated by converting global potential forest cover into 

forest/non-forest classes) in respect to the Food and Agricultural Organisation 

definition of forests taking in account the tree cover threshold greater than or equal to 

10% (FAO 2018). For providing realistic figures, all areas with urban settlements or 

agricultural activities were excluded. Thus, the restoration potential is simply the 

difference between the current forest cover and areas of human activities, to the 

current forest potential. 

2.6. Spatial sampling: part of the results validation process 

Sampling was implemented to validate the results of the dynamic forest cover change 

over the period 2000-2020. We favored a random stratified sampling design that takes 



e_AOPL Journal of Social Sciences, Vol. 1, No. 1, 2022 

  

Ngameni, D. P. J. & Etouna, J. 13 

 

into account the homogeneity of our study area. The variation in velocity by zone, 

deforestation, and forest degradation in our study area based on the Cameroon Forest 

Estate Architecture (Figure 7) and the Cameroon Forest Atlas 2018 was also taken 

into account. There are many possible reasons for stratified sampling (Cochran 1977; 

Schreuder, Gregoire and Wood 1993). 

 
Figure 7 : Architecture of the forest domain of cameroon 

It is considered Strata areas where forest cover loss is at the same rate within a stratum 

and differences between two classes. We have distinguished three main strata: the 

first includes agro-industrial plantations, planted areas, communal forests, community 

forests, production forests, FMUs, annual cuttings, sales of cuttings, and mining plots. 

The second stratum includes protected areas; the third stratum includes parts excluded 

from the first two strata. Sample plots were placed randomly within each stratum, at 

points where the multi-date digital image classification approach detected either a 

change in forest cover (a loss or a gain) or no change over the 2000-2020 study period. 

Thus, a total of 200 sites were evaluated (Figure 8), of which: 80 were classified as 

sites with canopy loss, 80 as sites with canopy gain, and 40 as sites where land cover 

change was not detected. Collect Earth Online was used for the validation by an 

augmented visual interpretation by defining the sample cells in a square with an area 

equal to 0.5 ha, which is consistent with the minimum area of the forest definition under 

REDD+ in Cameroon. 
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Figure 8 : Sampling plan 
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3. Results and discussions 

3.1. Analysis of changes by region 

The analysis of changes in forest cover in the Eastern and Southern regions of 

Cameroon carries many messages that should be presented. 

The East region, which in 2000 had a forest cover rate estimated at 99.33% of the 

region, observed an increase in this rate of 0.11% over the period 2001-2012, against 

a decrease of 0.75% over the same period. That is to say, a loss/gain ratio of 694.61%. 

After the year 2012, this loss rate saw an increase of 2.22% over the period 2013-2020 

or a total loss of 2.96% compared to its coverage rate in the base year 2000. At the 

scale of its departments, we observe loss/gain ratios over the period 2001-2012. Forest 

cover loss rates over the period 2001-2020, of 370.82% in ratio and 1.62% in losses 

in Boumba-et-Ngoko, 832.58% in ratio and 2.88% in losses in Haut-Nyong, 428.86% 

in ratio and 3.26% in losses in Kadey, 1878.83% in ratio and 4.54% in losses in Lom-

et-Djérem (Figure 9, Table 1). 

The Southern region, which in 2000 had a forest cover rate estimated at 99.38% of the 

region, observed an increase in this rate of 0.19% over the period 2001-2012, against 

a decrease of 1.26% over the same period. That is to say, a loss/gain ratio of 645.00%. 

After the year 2012, this loss rate saw an increase of 5.03% over the period 2013-2020 

or a total loss of 6.29% compared to its coverage rate in the base year 2000. At the 

scale of its departments, we observe loss/gain ratios over the period 2001-2012. Forest 

cover loss rates over the period 2001-2020, of 1141.61% in ratio and 5.13% in losses 

in Dja-et-Lobo, 1688.88% in ratio and 7.93% in losses in Mvila, 371.02% in ratio and 

7.67% in losses in Océan, 1076.13% in ratio and 5.35% in losses in Vallée-du-Ntem 

(Figure 10, Table 2). 

 



e_AOPL Journal of Social Sciences, Vol. 1, No. 1, 2022 

  

Ngameni, D. P. J. & Etouna, J. 16 

 

 
Figure 9: Map of Changes, Eastern Region
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Table 1 : Changes by administrative subdivision, Eastern Region 
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Figure 10 : Map of changes, Southern Region 
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Table 2 : Changes by administrative subdivision, Southern Region 
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These assessments at the regional and departmental levels suggest trends that could 

wrongly be qualified as good. At the district level, some districts show extreme and 

alarming rates of forest cover loss. In the East region, the districts of Bertoua II, 

Mboma, Nguelemendouka, among others, show respectively rates of loss of forest 

cover over the period 2001-2020 in relation to its reference coverage in the year 2000 

and ratio of losses/gains over the period 2001/2012 of 13.68% in losses for a ratio of 

3685.59%, 13.05% in losses for a ratio of 2021.91% and 10.90% in losses for a ratio 

of 1782.72%. The southern region is no exception. The districts of Kribi II, Kribi I, 

Sangmélima, among others, respectively show rates of loss of forest cover over the 

period 2001-2020 in relation to its reference coverage in the year 2000, and the ratio 

of losses/gains over the period 2001/2012 of 30.62% in losses for a ratio of 1088.20%, 

27.43% in losses for a ratio of 993.70% and 10.81% in losses for a ratio of 2532.60%. 

These indicators convey three main messages: the first one, obtained by comparing 

the forest cover disaggregated loss rates at the borough level over the periods 2001-

2012 and 2013-2020, underlines the fact that forest cover losses evolve exponentially 

from year to year. This implies a high share of LFPs in the Cameroonian economy and 

the conquest of more and more agricultural land to meet the needs of the population. 

This observation is unmistakable if we associate these figures with their geolocation, 

where we for example, in the districts of Niété and Meyomessala in the South, observe 

the presence of large rubber plantations, or communal and community forests in 

operation in the districts of Bétaré-Oya and Angossas in the East region. The second 

message is that in terms of loss/gain ratios are poorly implemented forest restoration 

policies in some districts, such as Bertoua II, where losses are 3,685.59 percent of 

gains, and Sangmélima, where the loss/gain ratio is 2,532.60 percent, due to the 

expansion of towns. The third message is the following: If we look at the districts with 

the lowest rates of forest cover loss and associate land use in these places, we see 

the presence of protected areas such as the national parks of Campo-Ma'an in the 

district of Campo in the South, Boumba Bek, Nki and Lobéké in the districts of 

Salapoumbé, Ngoyla, Mouloundou and Yokadouma in the East region, and on the 

other hand, like the wildlife reserves of Dja and Ngoyla in the districts of Somalomo, 

Lomié and Ngoyla in the East region. 
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3.2. Residual forest integrity in 2020 

The Eastern Region has 54% of its area with high forest integrity, 35% with medium 

integrity, and 11% with low integrity. At the departmental level, the following proportions 

of areas are classified as high integrity, medium integrity, and low integrity with respect 

to the FLII: 70%, 25%, and 5% for Boumba-et-Ngoko; 60%, 29%, and 11% for Haut-

Nyong; 37%, 48% and 15% for Kadey; 36%, 47% and 17% for Lom-et-Djérem (Figure 

11, Figure 12). 

 
Figure 11:  Integrity of forest landscapes in the Eastern Region 
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Figure 12: Recovery of The Eastern Region's Integrity Indices 
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In the southern region, 38% of the region is classified as a high forest integrity zone, 

39% as a medium integrity zone, and 23% as a low integrity zone. At the level of its 

departments, the following proportions of areas qualify as high integrity, medium 

integrity, and low integrity for the FLII: 48%, 34%, and 18% for Dja-et-Lobo; 19%, 48%, 

and 33% for Mvila; 38%, 37% and 25% for Océan; 32%, 47% and 21% for Vallée-du-

Ntem (Figure 13, Figure 14). 

 

Figure 13: Integrity of forest landscapes in the Southern Region 
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Figure 14: Recovery of integrity indices in the Southern Region 
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Extreme and opposite situations can be observed at the level of their districts. In the 

East, the districts of Bertoua II and Mboma show recovery rates of 91% in average 

integrity and 9% in integrity for Bertoua II, and 61% in average integrity, and 39% in 

low integrity for Mboma. These recovery rates indicate opposite situations in the 

districts of Salapoumbé and Ngoyla, which have high, medium, and low integrity 

recovery rates of 82%, 16%, and 2%, respectively, for Salapoumbé and 86%, 12%, 

and 2% for Ngoyla (Figure 12). In the south, similar recovery rates are observed. The 

districts of Kribi II and Kyé-Ossi are covered in areas of medium and low integrity 

respectively in the following proportions: 93%, 7% for the district of Kribi II, and 85%, 

15% for the district of Kyé-Ossi. These cover rates indicate opposite situations in the 

districts of Mintom and Oveng, which respectively show high, medium, and low integrity 

cover rates of 73%, 23%, 4% for Mintom, and 68%, 28%, 4% for Oveng (Figure 14). 

Forest integrity, the second focus of our study, is closely related to the first focus on 

forest cover change. Since these two points are related to the drivers of forest cover 

loss, the landscape of the forest integrity index captures the vulnerability of forests to 

human activities. Areas of low and medium integrity, therefore, reflect the area is most 

likely to see a decline in tree cover in the very near future and thus raise the need for 

special attention. The southern region is the most vulnerable.  

3.3. Forecasts of forest cover in 2050 

The Eastern region is likely to see its tree cover decreased by 13.32%, with losses in 

places of 83.78% and gains of 51.28% in places. This means a distribution of values 

of percent changes with a standard deviation at one sigma of ± 18.30%. Its 

departments show risks of systematic losses of forests with average statistics and 

standard deviation at one sigma of -12.75% to ±17.10% in Boumba-et-Ngoko, -13.54% 

to ±16.25% in Haut-Nyong, -19.14% to ±15.82% in Kadey, -8.44% to ±18.64% in Lom-

et-Djérem (Figure 15, Table 3). 
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Figure 15: Map of risks of forest cover changes in 2050, East Region 
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Table 3: Statistics on the risks of change in 2050, East Region 

As for the southern region, it is likely to see its tree cover decrease by 8.63%, with 

losses in places of 80.93% and gains of 80.00% in places. This means a distribution 

of values of percent changes with a standard deviation at one sigma of ± 20.02%. Its 

departments show on the one hand risks of systematic losses of forests with average 

statistics and standard deviation at 1 sigma of -12.86% to ±15.40% in Dja-et-Lobo, -

3.20% to ±25.29% in Océan. On the other hand, risks of forest gains with mean 

statistics and standard deviation at 1 sigma of 0.74% to ±17.12% in Mvila, 9.75% to 

±20.53% in Vallée-du-Ntem (Figure 16, Table 4). 
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Figure 16: Map of risks of forest cover changes in 2050, Southern Region 
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Table 4: Statistics on the risks of change in 2050, Southern Region 

A look at the risk of change for each district in these regions shows that for some 

districts, forest cover is in serious decline. In the Eastern region, the districts of 

Kentzou, Batouri, and Dimako, among others, would present means and standard 

deviations at 1 sigma of -28.76% to ±9.67% for Kentzou, -25.70% to ±12.61% for 

Batouri, and -25.68% to ±14.32% for Dimako (Table 3). The southern region is not on 

a leash. The districts of Loukoundjé, Niété, and Kribi I have means and standard 

deviations at one sigma of -27.85% to ±19.39% for Loukoundjé, -26.06% to ±16.64% 

for Niété, and -21.62% to ±19.32% for Kribi I (Table 4). However, some districts are 

likely to stand out from the others with positive averages. These include the districts of 

Bétaré-Oya and Garoua-Boulaï with statistics of 1.01% to ±13.58% for Bétaré-Oya, 

and 1.07% to ±9.11% for Garoua-Boulaï in the East region, and the districts of Olamzé 

and Ma’an, among others, with statistics of 31.24% to ±19.38% for Olamzé, and 

17.97% to ±20.01% for Ma'an in the South region. 
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These risks of change send a strong message: the forests of the East and South are 

likely to see their area greatly diminished if there is no widespread awareness. Strong 

and contextualized barrier measures, as well as local and regional action, all aimed at 

tackling this global problem of forest cover loss, are to consider. Consequently, the 

compromised future of the next generations is because a reduction of forest areas 

implies a reduction of the goods and services that result from them, whether they are 

economic, social, or especially environmental. Because in environmental matters, it 

does not take much to impact the well-being of humans and ecosystems.  

3.4. The potential for forest restoration 

The study of the potential for forest restoration is hopeful in both the southern and 

eastern regions. 

The Eastern region, which has observed a loss of 2.96% over the period 2001-2020 in 

relation to its forest cover in the year 2000, could be restored to 1.18% in relation to 

this same reference cover. At the scale of its districts, the forest cover in certain 

localities could be restored with difficulty. Following the example of the districts of 

Mboma, Angossas, Nguelemendouka, which have lost respectively 13.05%, 11.88%, 

10.90% of their forest cover over the period 2001-2020, and present potential 

restoration rates respectively of 0.10%, 0.77%, and 0.50%. Conversely, the districts of 

Kentzou, Kétté, and Ngoura have high restoration potential (PR) despite the losses, 

they have suffered. The scores (losses over the 2001-2020 period and restoration 

potential) in these districts are as follows: 4.29% in losses versus 8.16% in PR for 

Kentzou, 2.75% in losses versus 8.99% in PR, 3% in losses versus 7.42% in PR for 

Ngoura (Figure 17, Table 5). 

The Southern region, which has observed a loss of 6.29% over the period 2001-2020 

compared to its forest cover in 2000, could restore up to 0.92% compared to this same 

reference cover. At the scale of its districts, the forest cover in certain localities could 

be restored with difficulty. Following the example of the districts of Kribi I, Kribi II, Kyé-

Ossi, which have lost respectively 27.43%, 30.62%, 21.36% of their forest cover over 

the period 2001-2020, and present potential restoration rates respectively of 4.24%, 

4.25%, and 0.11%. Conversely, only the arrondissement of Campo could reverse its 

balance, with scores (losses over the period 2001-2020 and restoration potentials) of 

1.06% in losses against 1.81% in PR. Although the districts of Mintom, Oveng, and 

Akom II could, more or less, also reverse their balances (Figure 18, Table 6). 
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Figure 17: Forest cover restoration potential in 2020, Eastern Region 
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Table 5: Forest restoration potential by eastern administrative subdivision 
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Figure 18: Potential for forest cover restoration in 2020, Southern Region 
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Table 6: Forest restoration potential by southern administrative subdivision 

The basic message of this last focal point of our study is that, despite the loss of forest 

area in the East and South Cameroon regions, not all is lost. One-way out could be to 

take small- and medium-scale action to create new forests, or to embrace reforestation 

as well as afforestation. 
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3.5. Assessing the reliability of change 

From the evaluation of the 200 sample plots by augmented visual interpretation 

through Collect Earth Online, (Table 7, Figure 19), it appears that 65% of the sites 

were classified in accordance with the field reality in space and time. 35% were 

misclassified. It can be explained by the fact that of the 35%, 14% were sites with false 

forest gains due to high tree crop areas, 2% were visible classification errors, and 19% 

were sites where the change was not noticeable (Figures 20 to 25). 

 
Table 7: Plot assessment summary 

 

 
Figure 19: Parcel valuation statistics
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Figure 20: VHR image of a forest cover gain site 
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Figure 21: An augmented visual interpretation of a forest cover gain site 
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Figure 22: VHR image of a palm grove classified as a forest cover gain site 
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Figure 23: An augmented visual interpretation of a palm grove classified as a forest cover gain site 
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Figure 24:  VHR image of a burned area, classified as a site at a loss of forest cover (Lom and Djerem, Belabo) 
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Figure 25: An augmented visual interpretation of a burned area, classified as a site at a loss of forest cover (Lom and Djerem, Belabo) 
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3.6. Synthesis of results: principal component analysis 

A synthesis of our work is presented through the graphs of the biplots of the distances 

on the planes of the factorial axes F1 and F2, F1 and F3 (Figures 26, Figure 27). This 

synthesis reports the results obtained in the 62 districts of our study area, with respect 

to the key points or primary variables that we investigated, namely: changes in forest 

cover, the integrity of forest landscapes, the forecasts of changes in forest cover for 

the year 2050 and the quantification of the potential for forest restoration. To better 

interpret these graphs, it is important to understand the main steps of the principal 

component analysis used to derive them. 
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Figure 26: Biplot of distances on the plane of axes F1 and F2 
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Figure 27: Biplot of distances on the plane of axes F1 and F3 
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The Pearson correlation matrix standardises or normalises the data before the 

calculations to avoid inflating the impact of variables with high variance on the result. 

(Table 8). Since principal component analysis is a projection method, the algebraic 

study of the matrix of variables/observations makes it possible, by the projection of a 

vector space into itself, to define a space of uncorrelated factors, which are linear 

combinations of the initial variables. This new space admits for reference the 

eigenvectors F1 to F5, whose coordinates in the starting space (space of the variables) 

are stated in the table of the eigenvectors (Table 10). The coordinates of the starting 

space in the target space are set in the table of the coordinates of the variables (Table 

11). The eigenvalues are factors associated with each eigenvector that allow the 

transition from the eigenvector table to the variable coordinate table (Table 9). They 

reflect the quality of the projection when going from N dimensions (N being the number 

of variables, here 5) to a smaller or equal number of dimensions. In our case, we see 

that the first eigenvalue is 1.568 and represents 31.362% of the variability. This means 

that if we represent the data on a single axis, then we will always have 31.362% of the 

total variability preserved. Each eigenvalue has a corresponding factor. Each factor is 

in a linear combination of the starting variables. The factors have the particularity of 

being uncorrelated. The eigenvalues and factors are classified by decreasing order of 

represented variability. The table of variable contributions (Table 12) shows the share 

of each variable in the determination of the factor. For example, the variables 

forecasted mean change 2050, and R.P. relative to 2000-forest cover contributed more 

to the determination of the F1 factor than the loss of the variable/gain ratio 2001-2012, 

and FLII_Low. This can be confusing for the interpretation of these projections, so it is 

wise to refer to the cosine squares table (Table 13). Therefore, the F1 factor will be 

chosen in the interpretation to explain these first two variables. The last two variables 

above will be better explained by the F2 factor. 
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Table 8: Correlation matrix (Pearson (n)) 

 
Table 9: Eigenvalues 

 
Table 10: Eigenvectors 

 
Table 11: Variable coordinates 

 
Table 12: Contribution of variables 

 
Table 13: Square cosines of variables 

 



e_AOPL Journal of Social Sciences, Vol. 1, No. 1, 2022 

  

Ngameni, D. P. J. & Etouna, J. 47 

 

4. Conclusion 

This article has shown that forest cover losses in the East and South Cameroon 

regions are increasing exponentially from year to year. Efforts to restore these forests 

are largely insufficient, considering the losses and are disproportionate at the district 

level. 46% of our study area can be qualified as a zone of high integrity of forest 

landscapes with respect to anthropic pressures, 37% as a zone of medium integrity, 

and 17% as a zone of low integrity. These overall results hide alarming situations in 

certain districts and require closer monitoring of these forests or management with a 

smaller environmental footprint. Under the assumption of the circumstance, the 

Eastern and Southern regions would observe a systematic loss of tree cover in 2050 

compared to 2020. This is evaluated on average at 13.32% in the Eastern region and 

8.63% in the Southern region. Although some departments in this region are likely to 

see an increase in tree cover. A forest restoration action would restore nearly 40% of 

the cumulative losses over the period 2001-2020 in the Eastern region, and only 14% 

of the cumulative losses over the same period in the Southern region. Even if we can 

claim to have achieved all the objectives we set out to achieve and obtained results 

that satisfy the assumptions we made as a prelude, it is fair to mention that this study 

has two limitations: 

- The implemented technique overestimates the gains in forest cover. The 

technique implemented overestimates the gains in forest cover, as it does not 

distinguish between an area of high crop and a forest area. This is notwithstanding the 

threshold of tree height imposed for the study is 5 m, and oil palm plantations, among 

others, manage to pass the filter; 

- The quantification of the gains in forest cover was only done for the period 

2001-2012 because according to our investigations, there was no forest restoration 

action in these regions during this period. 
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