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Abstract 
This study focuses on the landscape dynamics of the savannahs’ region in the 
far north of Togo. Based on a literature review and satellite images analysis 
using GIS and remote sensing, the study aims to ascertain the effects of anth-
ropogenic threats on the forest coverage of the Savannahs’ Region between 
1984 to 2020. The objective is to clarify the dynamics of land use in the region 
from 1984 to 2000 and from 2000 to 2020. The findings indicate a significant 
decline in forest coverage within the region from 1984 to 2020, a trend attri-
buted to land use patterns. Dry forests in the Savannah region are largely 
converted to farmlands, housing, dry savannahs or agroforestry parks, lead-
ing to a steady reduction in forest areas. 
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1. Introduction 

Forest resources worldwide, particularly in tropical regions, are experiencing 
unprecedented degradation due to a number of factors, including human activi-
ties and climate change (Dourma, Soou, & Atakpama, 2019). The primary driv-
ers of forest degradation are human activities such as population growth, urban 
sprawl, and agricultural and agro-pastoral practices. Furthermore, the impacts of 
global climate change alongside the decline in rainfall and increasing tempera-
tures in certain regions have resulted in the decrease or possible eradication of 
tropical forests (Barima, Kouakou, & Bamba, 2016). This situation is leading to a 
decline in biological diversity and an imbalance in local ecosystems. The unsus-
tainable overuse of resources and lack of control over worsening climatic condi-
tions are increasing the risk of the extinction of tropical forest resources. Forest 
ecosystems in West Africa are currently facing unparalleled pressures attributa-
ble to both climate and human activities (Atakpama et al., 2023).  

In Togo, the forest cover of the country is estimated at 24.66% in 2021 (MERF 
/REDD+, 2020). Although the government has endeavored to conserve forest 
resources through creating national wildlife reserves since the 1980s, there has 
been a deterioration in forest cover to this day. Most of the policies have en-
countered resistance from local populations due to their at times forceful and 
non-inclusive implementation. This was the situation with the Oti Keran Man-
douri Park, which primarily covers the Savannah Region and a portion of the 
Kara Region (Polo-Akpisso et al., 2018).  

In this context, comprehension of landscape dynamics, specifically the various 
forms of land cover/land use and their changes over time, is crucial for imple-
menting measures aimed at safeguarding, preserving or renewing the forest eco-
systems of the region. The use of geographic information systems and remote 
sensing has proven to be successful tools for both monitoring and understanding 
landscape dynamics.  

Limited research has been conducted on the overall landscape dynamics of the 
region. Previous studies have concentrated primarily on particular forest eco-
systems like the Oti Keran Mandouri as well as specific protected areas.  

The objective of this study is to offer lucid information on landscape dynam-
ics in the region from 1984 to 2000 and from 2000 to 2020. Specifically, the study 
aims to identify the different types of land use and the different changes that 
have occurred in these types of land use over time. 

2. Methods and Materials  
2.1. Description of the Savannah Region 

The Savannahs region (West Africa) is one of the five administrative and eco-
nomic regions in Togo. It is located in the northern part of the country (Figure 
1). The region experiences a Sudano-Sahelian climate characterized by a prolonged 
dry season that stretches from October to May, followed by a four-month-long 
wet season. 
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Figure 1. Location of the Savannahs’ region of Togo and Togo in West Africa. 
 

The region is characterised by savannahs, especially Soudanian savannahs 
(Brunel et al., 1984), due to the climate type. Dry dense forests are found along 
rivers and occasionally in protected zones (Diwediga et al., 2012; Folega et al., 
2014; Folega et al., 2020). The most commonly occurring ecosystems, however, 
are anthropogenic, consisting of farmlands and agroforestry parklands (Folega, 
2019). Several types of agroforestry parklands can be found. The following agro-
forestry trees are commonly found: shea tree (Vitellaria paradoxa), African lo-
custbean (Parkia biglobosa), tamarind tree (Tamarindus indica), roast palms 
(Borassus spp) and African baobab (Adansonia digitata) (Kebenzikato et al., 
2014; Padakale et al., 2015; Folega et al., 2019; Atakpama et al., 2022; Samarou et 
al., 2022b). Non-timber forest products from these agroforestry trees are crucial 
for the socio-economic livelihoods of the local community (Padakale et al., 2018; 
Samarou et al., 2021; Samarou et al., 2022a; Kebenzikato et al., 2023). It is im-
perative to conserve and improve these resources to enhance local resilience to 
climate change. 

The Savannah Region is home to four main Protected Areas (PAs): the 
Oti-Kéran-Mandouri Biosphere Reserve, the Galangashi Classified Forest, the 
Barkoissi Classified Forest, and the complex of the Lion’s Den Reserve-Classified 
Forest of Doungh (MERF/REDD+, 2020). Since 1990, social and political insta-
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bility has resulted in significant degradation of these protected areas (Folega et 
al., 2012). The region has been impacted by encroachment from human settle-
ments, cultivated land, and timber and non-timber forest product extraction 
(Folega et al., 2012; Polo-Akpisso et al., 2018; Badjare et al., 2021; Atakpama et 
al., 2023). There are sacred groves in the region, which are a traditional means of 
preserving biodiversity (Atakpama et al., 2021; Atakpama et al., 2022). In addi-
tion, new community forest settlements have been established (Assima, 2023). 

2.2. Data Collection and Analysis 

The methodological approach adopted was based on the remote sensing and geo-
graphic information systems (Koumoi et al., 2013; Kombate et al., 2022). Three 
categories of satellite images with a resolution of 30 m have been used: Landsat 
TM for 1984, ETM for 2000 and OLI_TIRS for 2020. These images were down-
loaded from the website of the US space agency (https://earthexplorer.usgs.gov/). 
The projection adopted was WGS 1884/UTM zone 31N. 

The Landsat images obtained were processed utilizing the ENVI 4.7 software. 
The digital image classification procedure encompassed the selection of colour 
compositions, defining the ROI (Regions of Interest), selecting training plot 
samples, describing and filling different classes, and the selection of the classifi-
cation algorithm (Kombate et al., 2020). Land use types were identified and 
training areas were delineated by visually interpreting the images following co-
lour composition. The GPS data collected in the field further reinforced the de-
lineation of these training areas.  

Supervised classification was preferred as it provides consistent treatment to 
each pixel, regardless of its neighbourhood (Kombate et al., 2023). The maxi-
mum likelihood algorithm was chosen for image classification. It calculates the 
likelihood of a pixel belonging to one class compared to another. The pixel was 
then assigned to the class with the greatest likelihood. 

Spectral matching was employed in the classification of images from 2000 and 
1984, utilizing spectral identification and recognition of land cover classes based 
on the 2020 image. Once classification was accomplished, post-processing was 
conducted to polish the results. To assess the accuracy of the classifications, a 
confusion analysis (Foody, 2002) was implemented. Classification validation re-
lied on overall accuracy (percentage of well-classified pixels) (Skupinski et al., 
2009), ground truth points, and Google Earth images. 

The nomenclature for the various categories aligns with the Togo classifica-
tion system (Skupinski et al., 2009). The respective areas of the different land use 
classes were estimated using QGIS 3.30, which was also utilised for the carto-
graphic visualisation.  

3. Results 
3.1. Land Use in the Savannahs’ Region of Togo 

Define the overall accuracy for the three classified images in 1984, 2000, and 
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2020 stood at 89.53%, 81.20%, and 92.57%, respectively. The study identified five 
different land use types, including building, croplands/agroforestry parklands, 
riparian/dry forests, water bodies, and savannahs (Figure 2). The Savannah re-
gion in 1984 was mainly occupied by riparian/dry forest (44.64%), followed by 
savannah (31.53%) and crops/fallow (23.58%). In 2000, the Savannah ecosystems 
dominated the region with a share of 60.28%. This was followed by Crop-
land/Agroforestry Parkland (26.58%) and Riparian/Dry Forest (12.55%). Build-
ings and water bodies were poorly represented, comprising 0.44% and 0.14%, 
respectively. As of 2020, Cropland/Agroforestry Parkland dominates the Savan-
nahs region with 49.47% share, followed by Savannahs (36.76%) and Ripa-
rian/Dry Forests (9.93%). Water bodies account for only 0.08%, while Buildings 
represent 3.75% (see Figure 2). 

3.2. Land Use and Land Cover Dynamics 

Only riparian and dry forests experienced a decrease of −71.85% between 1984 
and 2000, among all identified land uses. The area occupied by buildings saw a 
remarkable increase of 171.26%, from 1396.88 hectares in 1984 to 3789.12 hec-
tares in 2000. Buildings continued to experience a spectacular increase of 
746.56% between 2000 and 2020. Croplands and agroforestry parklands showed 
an increase of 86.10%. In contrast, the areas of riparian and dry woodland, water 
bodies, and savannahs decreased by −20.90%, −41.04%, and −39.01%, respec-
tively (Table 1; Figure 3). 
 

 
Figure 2. Types of land use in the savannah region of Togo in 1984, 2000 and 2020. 
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Table 1. Land use change in Savannahs’ Region of Togo from 1984 to 2020. 

 
Area (ha) Rate of change (%) 

LUT 1984 2000 2020 1984-2000 2000-2020 

BA 1396.88 3789.2 32078.12 171.26 746.56 

C/AP 201587.64 227449.41 423284.32 12.82 86.10 

RF/DF 381679.9 107408.94 84959.99 −71.85 −20.90 

WB 815.61 1189.31 701.18 45.81 −41.04 

Sa 269608.96 515733.14 314546.38 91.28 −39.01 

LUT = Type of land use, BA = Bulding areas, C/AP = Croplands/Agroforestry parklands, 
RF/DF = Riparian Forets/Dense Forests, WB = Water bodies, Sa = Savannahs. 
 

 
Figure 3. Land use and land cover change in Savananahs’ Region from 1984 to 2020. BA = Bulding areas, C/AP = Crop-
lands/Agroforestry parklands, RF/DF = Riparian Forets/Dense Forests, WB = Water bodies, Sa = Savannahs. 

3.3. Land Use Transition Matrix 

Between 1984 and 2020, the savannah region of Togo underwent significant 
changes classified as gains, losses, and stability (Figure 4). To identify the main 
conversions that occurred between 1984 and 2000, one can analyze the transition 
matrix shown in Figure 4. Losses occurred when forest land was converted to 
savannah, cropland/agroforestry parkland, or building land; whereas, the change 
was viewed as a gain. If the land use and cover remain constant, this is referred 
to as stability. The primary losses occurred in protected areas between 1984 and 
2000, resulting in declining vegetation. Outside of these areas, losses between 2000 
to 2020 were mainly observed. Arable and agroforestry parklands were especially  
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Figure 4. Global change of land use/land cover from 1984-2000 and 2000-2020 in Savannahs’ Region of Togo. 

 
affected and were converted into building areas. These losses are highlighted in 
red and are situated in the region’s northern section, which have previously been 
stable or experienced gains. 

Further information on the changes within each land type is outlined in Fig-
ure 5. The data indicates that 28.95% of riparian/dry forests have been converted 
to savannahs, while 7.17% and 7.07% were converted to croplands/agroforestry 
parklands respectively (refer to Table 2). 

In the period spanning 2000 to 2020, it is projected that 26.67% of savannahs 
will be converted to croplands/agroforestry parklands, and 3.91% to riparian fo-
rests/woodlands. A proportion of 3.88% of riparian and dry forests has been 
transformed into croplands and agroforestry parklands, while 4.94% of crop-
lands and agroforestry parklands have undergone conversion into savannahs. 

4. Discussion 

Geospatial analysis has long been employed by various authors to study land 
cover and land use dynamics. This is evident in the works of Pérez-Vega et al 
(2012), Aguejdad et al. (2016), Agbanou et al. (2018) and Osseni et al. (2023).  

https://doi.org/10.4236/gep.2024.121011


K. S. Ehlui et al. 
 

 

DOI: 10.4236/gep.2024.121011 171 Journal of Geoscience and Environment Protection 
 

 
Figure 5. Changes in each type of land use from 1984-2000 and 2000-2020 in the Savannahs’ Region of Togo. 

 
Table 2. Land use transition matrix 1984-2000 and 2000-2020. 

1984-2000 

LUT (%) BA C/AP RF/DF WB Sa Total 1984 

AG 0.04 0.03 0.00 0.00 0.09 0.16 
C/AP 0.10 12.31 1.58 0.01 9.57 23.58 

RF/DF 0.17 7.07 8.38 0.07 28.95 44.64 
WB 0.00 0.00 0.04 0.03 0.03 0.10 
Sa 0.14 7.17 2.54 0.03 21.65 31.53 

Total 2000 0.44 26.58 12.55 0.14 60.29 100 

2000-2020 

LUT (%) BA C/AP RF/DF WB Sa Total 2000 

BA 0.07 0.20 0.06 0.00 0.12 0.44 
C/AP 1.52 18.71 1.41 0.00 4.94 26.58 

RF/DF 0.82 3.88 4.51 0.03 3.32 12.55 
WB 0.01 0.01 0.05 0.04 0.03 0.14 
Sa 1.34 26.67 3.91 0.02 28.35 60.28 

Total 2020 3.75 49.47 9.93 0.08 36.76 100 

LUT = Type of land use, BA = Bulding areas, C/AP = Croplands/Agroforestry parklands, 
RF/DF = Riparian Forets/Dense Forests, WB = Water bodies, Sa = Savannahs. 
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Several remote sensing methods are available for land cover mapping. However, 
the maximum likelihood algorithm-based supervised classification method is the 
most common and effective approach used by researchers (Masoud & Koike, 
2006). The creation of training zones in accordance with the user’s knowledge of 
the study sector provides enhanced flexibility. In this study, our maps were 
deemed reliable and acceptable based on the image classification acceptance 
scale suggested by Pontius (2000) with an overall accuracy result of (>80%), as 
demonstrated by Li et al. (2013) and Mama et al. (2013). The maps produced by 
this study present several challenges. There were difficulties in separating the 
dense forest, savannah, and field/fallow categories, indicating complexity within 
the socio-ecosystems. Moreover, a lack of time series of high-quality satellite 
images hindered this study. Regardless, remote-sensing pre-processing methods 
were utilized to make corrections specific to each image’s characteristics. Stan-
dardization of the visual rendering of the colour composite images was achieved 
through this processing. The study applied a cartographic approach to land cov-
er using classifications from Landsat MSS, ETM+ and OLI TIRS satellite images 
in conjunction with ground truth data. Results showed a highly appreciable level 
of overall accuracy (Kombate et al., 2023), with accuracy rates of 89.53% for 
1984, 81.20% for 2000 and 92.57% for 2020. According to the criteria outlined by 
Landis and Koch (1977) and Streiner, Norman, & Cairney (2014), achieving an 
overall accuracy rate higher than 74% is classified as “Very good” to “Excellent” 
(Barima et al., 2009). Nonetheless, authors recorded low classification accuracy 
levels of 61% and 51% respectively during their research (Khorram et al., 1999; 
Pham & Triantaphyllou, 2008). The variation can be attributed to the inability to 
gather field control points for the purpose of verifying and confirming the 
pre-classified maps. This demonstrates how crucial it is to know the terrain and 
gather supplementary data in order to enhance the quality of image processing. 
These findings are in line with those of Rachdi et al. (2011), who investigated the 
use of GIS and remote sensing in the evaluation of temporary ponds in the Mo-
roccan province of Benslimane. When map units are difficult to recognize and 
smaller than a pixel, the classification accuracy decreases (Barima et al., 2009). 

The classifications carried out allowed for the identification of five types of 
formations, namely dense/riparian forests, fields and fallow land, savannahs, 
buildings and bare soil and water. The various land-use maps indicate the extent 
of natural formations undergoing a regressive trend. Moreover, the transition 
matrix, which was drawn up between the land cover classes, illustrates a strong 
regression trend in wooded forest ecosystems, including dense forests and fo-
rests in savannahs. The regression observed can be attributed to the transforma-
tion of riparian and dense forests into open areas such as savannahs, fallows, 
built-up zones and bare grounds. The declining vegetation cover is primarily due 
to the extensive human activities that cause fragmentation and anthropisation.  

This study reveals significant changes in land cover and land use in the Sa-
vannah region. Dense and riparian forests have experienced a 28.95% reduction 
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in conversion to savannahs, with 7.17% and 7.07% respectively converted to 
cropland and agroforestry parks. Between 2000 and 2020, 26.67% of savannahs 
were converted to cropland and agroforestry, while 3.91% were converted to 
forest and riparian woodland. A total of 3.88% of riparian and dry forests were 
also converted to cropland and agroforestry parks, while 4.94% of cropland and 
agroforestry parks were converted to savannahs. 

The high urbanisation rate in this region and various anthropogenic pressures 
causing landscape fragmentation could explain this dynamic. Moreover, Mama 
et al. (2013) highlighted in their study that in the Sudanian zone of Benin, forest 
and savannah formations are gradually yielding to anthropogenic formations 
such as fields and agglomerations. Overall, the findings align with other research 
on mangrove dynamics in the Beninese coastal area (Dansou, 2019; Zanvo et al., 
2021). Zanvo et al. (2021) reveal more substantial mangrove decline in the Ab-
omey-Calavi and Ouidah communes. Furthermore, Orekan et al.’s (2019) study 
indicates a 17.68% loss of mangroves on the coast of Benin from 2005 to 2015. 

However, in 1983, forests were the primary land use within the Savannas Re-
gion, encompassing a total area of 381679.9 hectares, surpassing the area of sa-
vannas (269608.96 hectares) as well as cultivated land and agroforestry parks 
(201587.64 hectares). Human settlements and watercourses demonstrated the 
lowest percentages in land coverage during that period, as is illustrated in Table 
1. Nevertheless, between 1983 and 2000, woodland area decreased by 71.5%, fol-
lowed by a 20.9% decline between 2000 and 2020. The decline in woodland area 
from 1983 to 2000 can be attributed to the local forest inhabitants’ resistance 
against the government’s insufficiently inclusive policies in creating protected 
areas throughout the region. The policies faced opposition from the local com-
munities in the 1990s, resulting in the encroachment of protected areas by local 
people for agricultural and housing purposes (Folega et al., 2012, op. cit.). This 
was notably evident in the Oti-Keran-Mandouri wildlife reserve, the most exten-
sive protected area in the region. Local inhabitants exploited the socio-political 
instability of the 1990s to occupy protected areas, including the Oti Keran Man-
douri Park, in order to reclaim their land for agricultural purposes and to exploit 
timber and non-timber forest products (Atakpama et al., 2012). Many authors 
have noted this period in their studies of the OKM park. The forests drew indi-
viduals looking to harvest wood resources for charcoal and firewood. The steady 
rise in demand for these resources in Togo and the region has been driven by 
significant population growth. Consequently, forest cover has sharply dimi-
nished, resulting in the expansion of cultivable land and agroforestry parks. 
Population growth, along with the expansion of residential areas and the expan-
sion of agricultural land, including honey production, all contribute to the de-
gradation of forest cover. The landscape comprises areas of wooded and shrubby 
savannahs and agroforestry parks, serving as a habitat to species of socioeco-
nomic or cultural significance, including the dwarf (Parkia biglobosa), shea tree 
(Vitellaria paradoxa), tamarind (Tamarindus indica) and palmyra palm (Boras-
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sus spp), which are conserved (Atakpama et al., 2022).  
From 2000 to 2020, there was a moderate decrease in forest coverage in the 

region, amounting to 20.90% in 20 years. This is in contrast to a considerable 
decline of 71.85% during 1983 to 2000. The slower reduction in decline is attri-
buted to the concerted efforts of non-governmental organisations and the gov-
ernment to protect the remaining areas in the region. Notably, environmental 
policy underwent a transformation on a national level in the 2000s, with greater 
participation from local stakeholders and the establishment of community fo-
rests. The surface area of wetlands and watersheds has significantly reduced. 
Polo-Akpisso et al. (2018) attribute this decrease to the encroachment by local 
populations for farming, given the favourable water conditions for crops. Nev-
ertheless, it should be noted that the decline in wetland and watershed space is 
attributed to climate change, notably through the increase in heat and lengthen-
ing of the dry spell (from 6 to 8 months). Over the same period, there has been 
swift expansion in cropland and housing. This phenomenon is linked by Folega 
et al. (2014) to the significant population growth experienced by the Savannahs 
region (over 3%) and the subsequent urban expansion, which heightens the 
anthropogenic pressure on these wooded resources.  

The sharp increase in population density (i.e. the rise in number of villages) 
and the activities of vegetation burning, slash-and-burn farming, and indiscri-
minate logging plausibly account for these results. They indicate a growing de-
mand for fertile land by the local community. The transition matrices analysis 
reveals a pronounced anthropisation of these ecosystems, alongside a surge in 
field and fallow land areas. The findings are similar to those documented in 
northern Benin’s Sudanian area (Avakoudjo et al., 2014; Mama et al., 2013). 
These reports indicate a consistent decrease in wooded regions and grasslands 
and a rise in unused plots and urbanised zones. Human-made factors caused this 
occurrence, including shortened idling cycles, population expansion and the 
considerable expansion of profitable crops such as cotton (Kombate et al., 2022). 
All of these changes are having an impact on the climatic conditions that deter-
mine the ecological processes of vegetation succession. Studies have revealed 
that rural communities continue to rely heavily on the plant genetic resources 
available in their immediate surroundings (Atakpama et al., 2022). The reduc-
tion in vegetation cover within the study area could have an impact on climate 
regulation and disrupt the socio-economic conditions of the rural population, 
which is heavily reliant on it. The heightened level of human activity in the area 
dates back to the 1990s, when many of Togo’s protected areas were encroached 
upon due to socio-political unrest. The intensification of human activities has 
resulted in the degradation and deforestation of forests, causing a significant loss 
of forest biomass (Mazo, Arouna, & Toko Imorou, 2021). These changes are at-
tributable to alterations in the structure and composition of these ecosystems 
(Zakari, Adedoyin, & Bekun, 2021). Logging, urbanisation, and different types of 
pollution are identified as the primary causes of this harmful human activity 
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(Orekan et al., 2019). The sharp reduction in vegetation observed in this study 
is primarily attributed to the expansion of built-up areas, bare soil and fallow 
land. Osseni et al. (2023) conducted research on soil dynamics in the Basse 
Vallée de l’Ouémé Reserve (RB-BVO) and found that plant formations of dense 
forests/galleries, shrub/shrub savannahs and swamps have significantly declined 
by 24.4% over a period of 30 years. Settlements and fallow land have increased 
by 3.4% and 15.99% respectively during the same period (Osseni et al., 2023). 

In previous research on land use in Abomey-Calavi commune, settlements by 
humans rose between 27 and 60% in 1991 to 2015, causing the destruction of 
vegetation, fields, and fallow land (Dovonou, Mama, & Chabi Adimi, 2017), 
providing evidence that corroborates our findings. Additionally, the impact of 
demographics and roads on urbanization implies a concentration of built-up or 
bare land in particular areas. This process results in a decline in the distribution 
of built-up areas or bare ground as distance from the roads increases. These 
findings may be elucidated by individuals’ propensity to inhabit land parcels ad-
jacent to major roads to benefit from the socio-economic advantages of cities. 
Alternatively, as Dansou (2019) posits, the gradual densification of transporta-
tion grid and the establishment of socio-community infrastructure can be as-
cribed to the progressive urbanization of towns. 

5. Conclusion 

The study has identified five land-use classes in the savannah region: Building 
areas (BA), Croplands/Agroforestry parklands (C/AP), Riparian Forests/Dense 
Forests (RF/DF), Water bodies (WB), and Savannahs (Sa). The reduction in for-
est coverage is mainly due to anthropogenic factors such as population growth, 
town and village expansion, agricultural land extension and increased demand 
for fuelwood and charcoal. Vegetation fires, hunting, shifting cultivation, and 
honey production are also major contributors to deforestation in this area. 

Local communities in the region contribute significantly to the preservation of 
certain rare or endangered plant species by creating communal forests and pro-
tecting sacred groves. Supporting these local communities in managing their 
communal forests would help preserve scattered forests throughout the region. 
The communal management of these forests will enable the local populations to 
acquire extensive knowledge regarding the environment. Sustainable cultural 
practices, such as agroforestry, should also be enhanced through programmes 
and initiatives. This is exemplified by the agroforestry initiative of CAPAS NGO 
in the Kpendjal Ouest prefecture, which encourages local farmers to grow rows 
of trees through their plots to provide energy wood for both personal consumption 
and commercialization purposes. Promoting this practice in the region would 
divert local populations in protected areas from exploiting both timber and 
non-timber resources, thereby allowing for the restoration of degraded forests. 

Acknowledgements 

The authors would like to thank the German Federal Ministry of Education and 

https://doi.org/10.4236/gep.2024.121011


K. S. Ehlui et al. 
 

 

DOI: 10.4236/gep.2024.121011 176 Journal of Geoscience and Environment Protection 
 

Research (BMBF) for funding this study under the West African Science Service 
Centre on Climate Change and Adapted Land Use (WASCAL) programme. We 
are grateful to all the stakeholders who invested their time and shared their ex-
periences, and to the anonymous reviewers for their careful reading and com-
ments on this manuscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
Agbanou, T. B., Abdoulaye, D., Bogo, G. A. S. O., Paegelow, M., & Tente, B. (2018). 

Variabilité pluviométrique et son impact sur le couvert végétal dans le secteur 
Natitingou-Boukombé au nord-ouest du Bénin. Afrique Science, 14, 182-191. 

Aguejdad, R., Doukari, O., Houet, T., Avner, P., & Viguié, V. (2016). Etalement urbain et 
géoprospective: Apports et limites des modèles de spatialisation. Cybergeo.  

Assima T. (2023). État des lieux de la foresterie communautaire au Togo. LPA Ingénieur 
des Travaux Agricoles, INFA de Tové Tové, Togo, 50 p. 

Atakpama, W., Badjare, B., Aladji, E. Y. K., Batawila, K., & Akpagana, K. (2023). 
Dégradation alarmante des ressources forestières de la Forêt Classée de la Fosse de 
Doungh au Togo. African Journal on Land Policy and Geospatial Sciences, 6, 485-503.  
https://revues.imist.ma/index.php/AJLP-GS/article/view/39046  

Atakpama, W., Badjare, B., Woegan, Y. A., Amouzou, F. K. G., Kpadjao, M.-E., & Akpa-
gana, K. (2022). Ecologie des bosquets sacrés de la préfecture de Tone dans la Région 
des Savanes au Togo. Espace Géographique et Société Marocaine, 1, 47-69.  

Atakpama, W., Batawila, K., Dourma, M., Pereki, H., Wala, K., Dimobe, K. et al. (2012). 
Ethnobotanical Knowledge of Sterculia setigera Del. in the Sudanian Zone of Togo 
(West Africa). International Scholarly Research Notices, 2012, Article ID: 723157.  
https://doi.org/10.5402/2012/723157 

Atakpama, W., Folega, F., Kpadjao, M.-E., Amouzou, F. K. G., Ahouadjinou, E. B. O., 
Woegan, Y. A., & Akpagana, K. (2021). Problématique de gestion durable de la 
biodiversité des bosquets sacrés de la Région des Savanes au Togo. Synthèse: Revue des 
Sciences et de la Technologie, 27, 22-32. https://www.asjp.cerist.dz/en/article/173024  

Avakoudjo, J., Mama, A., Toko, I., Kindomihou, V., & Sinsin, B. (2014). Dynamique de 
l’occupation du sol dans le Parc National du W et sa périphérie au nord-ouest du 
Bénin. International Journal of Biological and Chemical Sciences, 8, 2608-2625.  
https://doi.org/10.4314/ijbcs.v8i6.22 

Badjare, B., Woegan, Y. A., Folega, F., Atakpama, W., Wala, K., & Akpagana, K. (2021). 
Vulnérabilité des ressources ligneuses en lien avec les différentes formes d’usages au 
Togo: Cas du paysage des aires protégées Doungh-fosse aux lions (Région des Savanes). 
Revue Agrobiologia, 11, 2552-2565.  
https://www.asjp.cerist.dz/en/downArticle/255/11/2/173028  

Barima, Y. S. S., Barbier, N., Bamba, I., Traoré, D., Lejoly, J., & Bogaert, J. (2009). Dyna-
mique paysagère en milieu de transition forêt-savane ivoirienne. Bois & Forets Des 
Tropiques, 299, 15-25. https://doi.org/10.19182/bft2009.299.a20419 

Barima, Y. S. S., Kouakou, A. T. M., & Bamba, I. (2016). Université Jean Lorougnon 
Guédé, UFR Environnement, BP 150 Daloa, Côte d’Ivoire. Revue Ivoirienne des 

https://doi.org/10.4236/gep.2024.121011
https://revues.imist.ma/index.php/AJLP-GS/article/view/39046
https://doi.org/10.5402/2012/723157
https://www.asjp.cerist.dz/en/article/173024
https://doi.org/10.4314/ijbcs.v8i6.22
https://www.asjp.cerist.dz/en/downArticle/255/11/2/173028
https://doi.org/10.19182/bft2009.299.a20419


K. S. Ehlui et al. 
 

 

DOI: 10.4236/gep.2024.121011 177 Journal of Geoscience and Environment Protection 
 

Sciences et Technologie, 28, 190-215. 

Brunel, J. F., Hiepko, P., & Scholz, H. (1984). Flore analytique du Togo: Phanerogames. 
Englera, No. 4, 3-751. https://doi.org/10.2307/3776742 

Dansou, C. S. (2019). Structuration et dynamique spatiales des villes de ouidah et de 
Grand-Popo sur le littoral beninois: Enjeux environnementaux et perspectives.  
https://shs.hal.science/tel-03321625v1/document   

Diwediga, B., Batawila, K., Wala, K., Hounkpè, K., Gbogbo, A. K., Akpavi, S., Tatoni, T., 
& Akpagana, K. (2012). Exploitation agricole des berges: Une strategie d’adaptation 
aux changements climatiques destructrice des forets galleries dans la plaine de l’Oti. 
African Sociological Review/Revue Africaine de Sociologie, 16, 77-99.  

Dourma, M., Soou, E., & Atakpama, W. (2019). L’Universite Marien Ngouabi Sciences et 
Techniques. Annales de l’Universite Marien Ngouabi, 19, 1-22. 

Dovonou, T. F., Mama, V. J., & Chabi Adimi, O. S. (2017). Analyse géo-spatiale de la 
dynamique de l’occupation du sol de la commune d’Abomey-Calavi, Bénin. Afrique 
Science, 13, 17. http://www.afriquescience.info  

Folega, F. (2019). Analyse cartographique de l’occupation des zones agroécologiques et 
bassins de concentration des populations au Togo. Ministère de l’Environnement du 
Développement Durable et de la Protection de la Nature (MEDDPN), 66 p. 

Folega, F., Atakpama, W., Kanda, M., Wala, K., Batawila, K., & Akpagana, K. (2019). 
Agroforestry Parklands and Carbon sequestration in Tropical Sudanese Region of To-
go. Revue Marocaine des Sciences Agronomiques et Vétérinaires, 7, 563-570.  
https://agromaroc.com/index.php/Actes_IAVH2/article/view/745/939  

Folega, F., Diwediga, B., Guuroh, R., Wala, K., & Akpagana, K. (2020). Riparian and 
Stream Forests Carbon Sequestration in the Context of High Anthropogenic Distur-
bance in Togo. Moroccan Journal of Agricultural Sciences, 1, 39-49.  
https://techagro.org/index.php/MJAS/article/view/820  

Folega, F., Dourma, M., Wala, K., Batawila, K., Zhang, C.-Y., Zhao, X.-H., & Akpagana, 
K. (2012). Assessment and Impact of Anthropogenic Disturbances in Protected Areas 
of Northern Togo. Forestry Studies in China, 14, 216-223.  
https://doi.org/10.1007/s11632-012-0308-x  

Folega, F., Dourma, M., Wala, K., Batawila, K., Zhao, X., Zhang, C., & Akpagana, K. 
(2014). Basic Overview of Riparian Forest in Sudanian Savanna Ecosystem: Case Study 
of Togo. Revue d’Ecologie (La Terre et la Vie), 69, 24-38.  
https://doi.org/10.3406/revec.2014.1710 

Folega, F., Zhang, C. Y., Zhao, X. H., Wala, K., Batawila, K., Huang, H. G. et al. (2014). 
Satellite Monitoring of Land-Use and Land-Cover Changes in Northern Togo Pro-
tected Areas. Journal of Forestry Research, 25, 385-392.  
https://doi.org/10.1007/s11676-014-0466-x 

Foody, G. M. (2002). Status of Land Cover Classification Accuracy Assessment. Remote 
Sensing of Environment, 80, 185-201. https://doi.org/10.1016/S0034-4257(01)00295-4 

Kebenzikato, A. B., Atakpama, W., Samarou, M., Kperkouma, W., Batawila, K., & Akpa-
gana, K. (2023). Importance socio-économique du baobab (Adansonia digitata) au 
Togo. Revue Marocaine des Sciences Agronomiques et Vétérinaires, 11, 294-302.  

Kebenzikato, A. B., Wala, K., Dourma, M., Atakpama, W., Dimobe, K., Pereki, H., 
Batawila, K., & Akpagana, K. (2014). Distribution et structure des parcs à Adansonia 
digitata L. (baobab) au Togo. Afrique Science, 10, 434-449.  

Khorram, S., Knight, J., Dai, X. L., Yuan, H., Cakir, H., & Mao, Z. (1999). Issues Involved 
in the Accuracy Assessment of Large Scale Land Use/Land Cover Mapping from Re-

https://doi.org/10.4236/gep.2024.121011
https://doi.org/10.2307/3776742
https://shs.hal.science/tel-03321625v1/document
http://www.afriquescience.info/
https://agromaroc.com/index.php/Actes_IAVH2/article/view/745/939
https://techagro.org/index.php/MJAS/article/view/820
https://doi.org/10.1007/s11632-012-0308-x
https://doi.org/10.3406/revec.2014.1710
https://doi.org/10.1007/s11676-014-0466-x
https://doi.org/10.1016/S0034-4257(01)00295-4


K. S. Ehlui et al. 
 

 

DOI: 10.4236/gep.2024.121011 178 Journal of Geoscience and Environment Protection 
 

motely Sensed Data. International Geoscience and Remote Sensing Symposium 
(IGARSS), 5, 1987-1989.  

Kombate, A., Folega, F., Atakpama, W., Dourma, M., Wala, K., & Goïta, K. (2022). Cha-
racterization of Land-Cover Changes and Forest-Cover Dynamics in Togo between 
1985 and 2020 from Landsat Images Using Google Earth Engine. Land, 11, Article 
1889. https://doi.org/10.3390/land11111889 

Kombate, B., Atakpama, W., Egbelou, H., Ahuide, K., Dourma, M., Folega, F., Batawila, 
K., & Akpagana, K. (2023). Dynamique de l’occupation de sol et modélisation du 
carbone de la Forêt Communautaire d’Alibi 1. Annale de la Recherche Forestière en 
Algérie, 12, 13-26. https://www.asjp.cerist.dz/en/downArticle/592/13/1/219326  

Kombate, B., Dourma, M., Folega, F., Atakpama, W., Wala, K., & Akpagana, K. (2020). 
Spatio-Temporal Dynamics and Habitat Fragmentation within a Central Region of 
Togo. Agricultural Science Research Journal, 10, 291-305.  

Koumoi, Z., Alassane, A., Djangbedja, M., Boukpessi, T., & Kouya, A.-E. (2013). Dyna-
mique spatio-temporelle de l’occupation du sol dans le Centre-Togo. AHOHO-Revue 
de Géographie du LARDYMES, 7, 163-172.  

Landis, J. R., & Koch, G. G. (1977). The Measurement of Observer Agreement for Cate-
gorical Data. Biometrics, 33, 159-174. https://doi.org/10.2307/2529310 

Li, J., Carlson, B. E., & Lacis, A. A. (2013). Application of Spectral Analysis Techniques in 
the Intercomparison of Aerosol Data: 1. An EOF Approach to Analyze the Spa-
tial-Temporal Variability of Aerosol Optical Depth Using Multiple Remote Sensing 
Data Sets. Journal of Geophysical Research Atmospheres, 118, 8640-8648.  
https://doi.org/10.1002/jgrd.50686 

Mama, A., Sinsin, B., De Cannière, C., & Bogaert, & J. (2013). Anthropisation et dynamique 
des paysages en zone soudanienne au nord du Bénin. Tropicultura, 31, 78-88. 

Masoud, A., & Koike, K. (2006). Tectonic Architecture through Landsat-7 ETM+/SRTM 
DEM-Derived Lineaments and Relationship to the Hydrogeologic Setting in Siwa Re-
gion, NW Egypt. Journal of African Earth Sciences, 45, 467-477.  
https://doi.org/10.1016/j.jafrearsci.2006.04.005 

Mazo, I., Arouna, O., & Toko Imorou, I. (2021). Affectation des terres et variabilité de la 
biomasse ligneuse au Nord-Bénin. African Journal of Land Policy and Geospatial 
Sciences, 4, 391-405. 

MERF (2020). Etat des lieux du système national d’aires protégées du Togo: Ecosystèmes, 
vulnérabilites aux changements climatiques et valorisation écotouristique. Ministère de 
l’Environnement et des Ressources Forestières, 219 p. 

MERF/REDD+ (2020). Stratégie nationale de Réduction des Émissions dues à la Défore-
station et à la Dégradation des forêts.131. 

Orekan, V., Plagbeto, H., Edea, E., & Sossou, M. (2019). Évolution Actuelle Des Éco-
systèmes De Mangrove Dans Le Littoral Béninois. hal-02189536f. 

Osseni, A. A., Gbesso, G. H. F., Idakou, G. N., Fandohan, A. B., Toko, I., Tente, A. B. H., 
& Sinsin, B. A. (2023). Reconstitution spatiale et simulation des changements futurs de 
l’occupation du sol dans la Réserve de Biosphère de la basse vallée de l’Ouémé 
(RB-BVO) au Bénin. Physio-Géo, 19, 1-28. https://doi.org/10.4000/physio-geo.15014 

Padakale, E., Atakpama, W., Dourma, M., Dimobe, K., Wala, K., & Akpagana, K. (2015). 
Woody Species Diversity and Structure of Parkia biglobosa Jacq. Dong Parklands in the 
Sudanian Zone of Togo (West Africa). Annual Review & Research in Biology, 6, 
103-114. https://doi.org/10.9734/ARRB/2015/14105 

Padakale, E., Dourma, M., Atakpama, W., Wala, K., Guelly, K. A., & Akpagana, K. (2018). 

https://doi.org/10.4236/gep.2024.121011
https://doi.org/10.3390/land11111889
https://www.asjp.cerist.dz/en/downArticle/592/13/1/219326
https://doi.org/10.2307/2529310
https://doi.org/10.1002/jgrd.50686
https://doi.org/10.1016/j.jafrearsci.2006.04.005
https://doi.org/10.4000/physio-geo.15014
https://doi.org/10.9734/ARRB/2015/14105


K. S. Ehlui et al. 
 

 

DOI: 10.4236/gep.2024.121011 179 Journal of Geoscience and Environment Protection 
 

Parkia biglobosa jacq. Dong: Une espèce agroforestière à usages multiples dans la zone 
soudanienne au Togo. RAMReS-Sciences Humaines, 10, 403-421.  

Pérez-Vega, A., Mas, J. F., & Ligmann-Zielinska, A. (2012). Comparing Two Approaches 
to Land Use/Cover Change Modeling and Their Implications for the Assessment of 
Biodiversity Loss in a Deciduous Tropical Forest. Environmental Modelling and Soft-
ware, 29, 11-23. https://doi.org/10.1016/j.envsoft.2011.09.011 

Pham, H. N. A., & Triantaphyllou, E. (2008). The Impact of Overfitting and Overgenera-
lization on the Classification Accuracy in Data Mining. In O. Maimon, & L. Rokach 
(Eds.), Soft Computing for Knowledge Discovery and Data Mining (pp. 391-431). 
Springer. https://doi.org/10.1007/978-0-387-69935-6_16 

Polo-Akpisso, A., Folega, F., Ouattara, S., Wouyo, A., Mamadou, C., Walla, K. et al. (2018). 
Habitat Biophysical and Spatial Patterns Assessment within Oti-Keran-Mandouri Pro-
tected Area Network in Togo. International Journal of Biodiversity and Conservation, 
10, 214-229. https://doi.org/10.5897/IJBC2017.1139 

Pontius, R. G. (2000). Quantification Error versus Location Error in Comparison of Ca-
tegorical Maps. Photogrammetric Engineering and Remote Sensing, 66, 1011-1016. 

Rachdi, B., Fougrach, H., Hakdaoui, M., Hsain, M., & Badri, W. (2011). Apport de la 
télédétection et des SIG pour l’évaluation des mares temporaires dans la province de 
Benslimane (Maroc). Kastamonu University Journal of Forestry Faculty, 11, 165-174. 

Samarou, M., Atakpama, W., Atato, A., Pessinaba Mamoudou, M., Batawila, K., & Aka-
pagana, K. (2022a). Valeur socio-économique du tamarin (Tamarindus indica) dans la 
zone écologique I du Togo. Revue Marocaine des Sciences Agronomiques et 
Vétérinaires, 10, 272-281.  
https://agrimaroc.org/index.php/Actes_IAVH2/article/view/1155   

Samarou, M., Atakpama, W., Folega, F., Dourma, M., Wala, K., Batawila, K., & 
Akpagana, K. (2022b). Caractérisation écologique et structurale des parcs à tamarinier 
(Tamarindus indica L., Fabaceae) dans la zone soudanienne du Togo (Afrique de 
l’Ouest). Revue Ecosystèmes et Paysagess, 1, 109-125.  

Samarou, M., Atakpama, W., Kanda, M., Tchacondo, T., Batawila, K., & Akpagana, K. 
(2021). Tamarindus indica L. (Fabaceae) in Ecological Zone I of Togo: Use Value and 
Vulnerability. International Journal of Complementary & Alternative Medicine, 14, 
307-315. https://doi.org/10.15406/ijcam.2021.14.00577 

Skupinski, G., BinhTran, D., & Weber, C. (2009). Les images satellites Spot multi-dates et 
la métrique spatiale dans l’étude du changement urbain et suburbain-Le cas de la basse 
vallée de la Bruche (Bas-Rhin, France). Cybergeo: European Journal of Geography.  

Streiner, D., Norman, G. R., & Cairney, J. (2014). Health Measurement Scales: A Practical 
Guide to Their Development and Use. Oxford University Press.  
https://doi.org/10.1093/med/9780199685219.001.0001 

Zakari, A., Adedoyin, F. F., & Bekun, F. V. (2021). The Effect of Energy Consumption on 
the Environment in the OECD Countries: Economic Policy Uncertainty Perspectives. 
Environmental Science and Pollution Research, 28, 52295-52305.  
https://doi.org/10.1007/s11356-021-14463-8 

Zanvo, M. S., Salako, K. V., Gnanglè, C., Mensah, S., Assogbadjo, A. E., & Glèlè Kakaï, R. 
(2021). Impacts of Harvesting Intensity on Tree Taxonomic Diversity, Structural Di-
versity, Population Structure, and Stability in a West African Mangrove Forest. Wet-
lands Ecology and Management, 29, 433-450.  
https://doi.org/10.1007/s11273-021-09793-w  

https://doi.org/10.4236/gep.2024.121011
https://doi.org/10.1016/j.envsoft.2011.09.011
https://doi.org/10.1007/978-0-387-69935-6_16
https://doi.org/10.5897/IJBC2017.1139
https://agrimaroc.org/index.php/Actes_IAVH2/article/view/1155
https://doi.org/10.15406/ijcam.2021.14.00577
https://doi.org/10.1093/med/9780199685219.001.0001
https://doi.org/10.1007/s11356-021-14463-8
https://doi.org/10.1007/s11273-021-09793-w

	Anthropogenic Threats to Degraded Forest Land in the Savannahs’ Region of Togo from 1984 to 2020, West Africa
	Abstract
	Keywords
	1. Introduction
	2. Methods and Materials 
	2.1. Description of the Savannah Region
	2.2. Data Collection and Analysis

	3. Results
	3.1. Land Use in the Savannahs’ Region of Togo
	3.2. Land Use and Land Cover Dynamics
	3.3. Land Use Transition Matrix

	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

