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Abstract: In this study, historical landscape dynamics were investigated to (i) map the land 
use/cover types for the years 1972, 1987, 2000 and 2014; (ii) determine the types and proc-
esses of landscape dynamics; and (iii) assess the landscape fragmentation and habitat loss 
over time. Supervised classification of multi-temporal Landsat images was used through a 
pixel-based approach. Post–classification methods included systematic and random change 
detection, trajectories analysis and landscape fragmentation assessment. The overall accu-
racies (and Kappa statistics) were of 68.86% (0.63), 91.32% (0.79), 90.66% (0.88) and 
91.88% (0.89) for 1972, 1987, 2000 and 2014, respectively. The spatio-temporal analyses 
indicated that forests, woodlands and savannahs dominated the landscapes during the four 
dates, though constant areal decreases were observed. The most important dynamic process 
was the decline of woodlands with an average annual net loss rate of –2%. Meanwhile, the 
most important land transformation occurred during the transition 2000–2014, due to an-
thropogenic pressures. Though the most important loss of vegetation greenness occurred in 
the unprotected areas, the overall analyses of change indicated a declining trend of land 
cover quality and an increasing landscape fragmentation. Sustainable conservation strategies 
should be promoted while focusing restoration attention on degraded lands and fragmented 
ecosystems in order to support rural livelihood and biodiversity conservation. 

Keywords: land cover dynamics; spatio-temporal patterns; swap change; landscape fragmentation; protected 
areas; Mo River Basin, Togo 

1  Introduction 

Controlling the dynamics of land resource for global change mitigation remains ever of greater 
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importance at global scale as well as national and local levels. Estimates indicated that forest 
areas have decreased of about 3.1% over the past 25 years and the largest deforestation and 
forest degradation occur in tropical areas of America and Africa (FAO, 2015). Similarly, the 
same report highlighted that between 2010 and 2015, the annual gain of forestlands was far 
below to the extent of loss, resulting in a net annual loss of 3.3 million ha of forests per an-
num. Regardless of the scale, processes inducing the loss of natural vegetation cover, forest 
fragmentation and associated land use/cover changes (LUCC) occur continuously, leading to 
land cover quality decline and degradation. From the perspective of the Millennium Ecosys-
tem Assessment (MEA, 2005), the degradation of vegetation functions and services (e.g. 
forest degradation, habitat fragmentation), and the loss of natural land productivity (e.g. de-
forestation) are two major manifestations of the phenomenon of land degradation. From this 
view, long-term, permanent and regular monitoring of the landscape dynamics is regarded as 
an essential step for a real understanding of the change drivers and for modelling mindsets 
towards mitigation of land degradation and achievement of sustainability (Houet et al., 2010; 
Fan et al., 2013).  

Spatio-temporal changes of landscapes are continuous processes fully maintained by both 
natural and human-related drivers. Human imprints on terrestrial ecosystems are of large 
extent (Ellis, 2011; Gaia, 2011) and of major environmental concerns related to habitat 
fragmentation, decline of land and ecosystem services (ESS), biodiversity loss, livelihood 
decrease and climate instability (Balthazar et al., 2015; Schleuning et al., 2011). The drivers 
of these forest fragmentation and deforestation are mainly human-induced such as agricul-
ture, large-scale forest harvest, and small-scale forest disturbances (Lambin et al., 2003; 
Damnyag et al., 2013; Specht et al., 2015). The increasing demand for agricultural lands and 
forest products induced the reduction of land conservation capacities and the ESS provision, 
even in protected areas that have such devoted conservation role (Castro et al., 2015; Vedeld 
et al., 2012; Traoré et al., 2012; Folega et al., 2014b; Damnyag et al., 2013). In this “An-
thropocene” epoch, the complexity of interactions between human and environmental sys-
tems and subsequent effects have raised much more awareness (Ellis, 2013; Ellis et al., 
2013). 

A recent growing concern in scientific communities is how much land has changed and 
how this dynamic is going to affect the future of land resources. Therefore, spatial patterns 
of land degradation, its causal factors and potential impacts have been investigated through 
various approaches, scales and dimensions (Zheng et al., 2014; Kim et al., 2014; He et al., 
2014; Vu et al., 2014; Le et al., 2012). Geographic information systems (GIS) and remote 
sensing (RS) approaches have evolved increasingly to support monitoring landscape dy-
namics at different scales for better planning and management (Kennedy et al., 2009; Grif-
fiths et al., 2012; Portillo-Quintero et al., 2012). These satellite archives such as Landsat 
data have brought new insights into the approaches of understanding of LUCC, and moni-
toring deforestation and forest degradation (DFD) processes. The successes of the applica-
tion of GIS and RS in the assessment of landscape dynamics remain in the availability of 
earth observation data as well as the multitude of methods for land cover mapping and deg-
radation assessment (Zhou et al., 2012; Kim et al., 2013; Gounaridis et al., 2014; He et al., 
2014; Kim et al., 2014; Zheng et al., 2014; Zhou et al., 2014a). These data and methods of-
fer great potential to cover various spatio-temporal scales of analyses and monitoring of 



DIWEDIGA Badabate et al.: Assessment of multifunctional landscapes dynamics in the mountainous basin 581 

 

 

LUCC (Farooq, 2012; Rogan and Chen, 2004). Change detection analyses also brought sig-
nificant contribution to the understanding of the processes involved in landscape dynamics. 
Furthermore, habitat quality assessment and landscape fragmentation analyses emerged from 
the combination of these tools and data to provide more appraisal to landscape dynamics and 
impacts on ecosystems. Landscape metrics are ecological indicators used to quantify the 
composition and spatial configuration of landscapes (Uuemaa et al., 2013; Mander and 
Uuemaa, 2010; Peng et al., 2010). Thus, as an essential approach in quantifying landscape 
spatial patterns with distinct ecological implications, landscape metrics help in the analysis 
of LUCC patterns and related ecological effects (Walz, 2011; Uuemaa et al., 2013). Thus, 
the integration of multi-temporal satellite data in combination with GIS and field data 
showed great insights in addressing landscape change and degradation at various scales.  

In Togo, several recent studies have been undertaken using GIS and RS to assess and 
monitor the changes in land resources at national and local scales (Folega et al., 2014b; 
Folega et al., 2014a; Badjana et al., 2014; Folega et al., 2011; Folega et al., 2015). Human 
activities especially agricultural expansion, illegal tree logging and incursions in PA as well 
as settlement enlargement in rural and semi-urban areas have been identified as responsible 
for most of the changes (Fontodji et al., 2011; Dourma et al., 2009; Kokou et al., 2009). 
These studies have shown that current trends of land resources do not favor the functional 
services of the different ecosystems. Therefore, continual and complementary studies are 
encouraged to deepen the knowledge on the processes and determinants of LUCC for sup-
porting integrated land management. Especially, the monitoring of the processes involved in 
land dynamics in rural mountainous areas of the Mo River Basin have not yet gained enough 
attention although they are the location of numerous social and ecological interactions 
(Dourma et al., 2009). Therefore, this study focused on the analysis of the historical land-
scape dynamics in the Mo River Basin in order to provide up to date information on land-
scape transformation to support management and planning. With a glance at land manage-
ment regime, the study specifically aimed at (1) identifying and mapping of the major 
land/use cover types for the dates 1972, 1987, 2000 and 2014; (2) determining the types and 
processes of landscape dynamics as well as their rate of occurrence; and (3) assessing the 
landscape fragmentation and habitat loss over time using FRAGSTAT-based landscape met-
rics. With regard to the social and ecological importance of the natural landscapes in the area, 
knowledge on the historical LUCC processes is critical to ensure better future strategies of 
land management and rural development. 

2  Study area 

The study is carried out in the Mo watershed (Figure 1), a sub-basin of Volta Basin (West 
Africa). The area is particularly sensitive as it contains great parts of the Fazao – Malfakassa 
National Park, which is likely to be subjected to more human pressures (Woegan, 2007). The 
population are mainly rural and farming is the main activity. In 2010 the central region, em-
bedding the Mo River Basin, is the region with the lowest density of population (47 inhbts/km2 
in 2010 versus 21 inhbts/km2 in 1981) compared to 109 inhbts/km2 at the national level 
(DGSCN, 2010). The Mo basin is part of the Ecological zone 2 of Togo (Ern, 1979), charac-
terized by a mosaic of mountainous dry and open forests, guineo-soudanian savannahs and  
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Figure 1  Location of the study area 
 

agro-ecosystems within a human-transformed landscape (UPA) (Dourma et al., 2009). In 
1990–1991, with the socio-political crisis in Togo, the population in these areas coming back 
from the south have increased. Serious inadequate land management took place within this 
incorrect multiple use of lands. Additionally, local people used to withdraw wood and 
non-woody products, inducing forest degradation, and in the worst case, deforestation and 
desertification. Some parts of the hilly lands have an altitude greater than 800 m, especially 
in Aledjo Mounts. The climate includes cool nights at upland regions, a rainy season from 
April to October. Mean annual rainfall in the area is between 1200–1300 mm with an ir-
regular spatio-temporal distribution. Mean minimal and maximal temperatures reach respec-
tively 19ºC in January with the Harmattan winds and 30ºC in April. The rivers/streams net-
work is heavily developed in accordance with the mountainous relief. Foremost of the land 
uses in the area is small-scale subsistence farming, pasture lands, PA and built-up areas. The 
prominent environmental issues are land degradation due to overgrazing, unsustainable ag-
ricultural land use, fuel wood harvesting and charcoal production (Wala et al., 2012). Illicit 
incursions for hunting and tree logging in PA are also concerns that cause conflicts between 
land users and state agencies protecting lands (Dourma et al., 2009; Woegan, 2007). In addi-
tion, protection legislation regarding the PA is weak, and non-inclusive. The catchment is 
relatively important for tourism and one of the breadbaskets (crop production) of the coun-
try. 



DIWEDIGA Badabate et al.: Assessment of multifunctional landscapes dynamics in the mountainous basin 583 

 

 

3  Data sources and methods 

3.1  Mapping the land-use and cover for the period 1972–2014 

Land-use and cover maps of 1972, 1987, 2000 and 2014 for the Mo river basin were obtained 
from the classification of historical Landsat archives (Jianjun et al., 2005; Pattanaik et al., 
2011). Single ortho-rectified images of Landsat 8 (03 December 2014), Landsat ETM+ (04 
December 2000) and Landsat TM (30 October 1987) free of cloud were collected at the path 
193/row 054 (https://earthexplorer.usgs.gov). A pair of Landsat MSS (10 November 1972) 
was downloaded from the same source at the path 207/row 053 and path 207/row 054. These 
data are acquired for the time corresponding to the early dry season onset (October to De-
cember), enabling the clear distinction between land use/cover (LUC) types, especially ag-
ricultural fields and typical savannahs in the landscape (Traore et al., 2014; Ruelland et al., 
2010). 

Developing LUC maps was the process of clustering and assigning similar pixels into 
classes (Rojas et al., 2013). Therefore, to reduce the effects of typical similarities between 
closer cover types such as savannahs and woodlands, which look similar in savan-
nah-dominated landscapes, a transformation was necessary. Since the study is interested in 
vegetation cover mapping, normalized difference vegetation index (NDVI) was computed as 
independent layer not only to reduce the effects of topography but also to measure the dis-
tribution of vegetation health over the landscape of interest (Braimoh and Vlek, 2004). 
NDVI is widely used as a powerful indicator of vegetation greenness, and less sensitive to 
topographic factors in mountainous areas (Matsushita et al., 2007; Diallo et al., 2010). 
Original bands were combined with the NDVI layer to perform the pixel-based supervised 
classification using Maximum Likelihood algorithm in ENVI 4.7 image processing software. 

Though topography is a common source of biases in LUC classification in mountainous 
areas, DEM data were not integrated into the classification process, as the maximal elevation 
above sea level which is around 850 m, does not really provide significant hill shade at the 
sensor passing time (Diallo et al., 2010). The combined layers were registered to UTM WGS 
84 projection system and used to extract spectral signatures for the classification of the re-
spective images (Braimoh, 2004; Wittig et al., 2007; Gutiérrez Angonese and Grau, 2014).  

Six main categories were defined based on the LUC classification scheme from the na-
tional vegetation map (Afidégnon et al., 2003). The classification scheme was supplemented 
by the United Nations Food and Agriculture Organization Land Cover Classification System 
in order to better consider the physiognomy-structural conditions (vertical and horizontal 
arrangements as well as land use affected on the cover types) of the vegetation types. 

(1) Forests: close canopy vegetation including the riparian forests along streams and dry 
forests in lowlands. The canopy cover exceeds 60% with an understory layer. 

(2) Woodlands: open canopy vegetation including woody savannahs and woodlands. The 
canopy cover comprises between 30% to 60% and do not possess understory vegetation 
making their cover less thick compared to forests. Trees are higher than 5 m. 

(3) Savannahs: Treeless open canopy vegetation composed of tree savannahs, shrubs, and 
scattered grasslands. Generally, tree height is lower than 5 m. They have a bush or grass 
dominant layer with woody coverage less than 30%. This category includes old fallows. 

(4) Agricultural land: cultivated (including cereal crops, vegetable crops and fruit orchards) 
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and non-cultivated (farm fallows less than 3 years and parklands) lands; 
(5) Built-up areas: areas occupied by residential settlements as well as paved surfaces. 
(6) Water: surface water bodies including rivers and reservoirs.  
Paved surfaces and bare rocks are mostly confused among settlements and agricultural 

lands since they reflect in the quite similar range.  
For each abovementioned LUC type, training areas were developed independently and the 

spectral characteristics of each training sample were checked through the separability tests 
of Jeffries-Matusita and Transformed Divergence (Zhou et al., 2008; Braimoh, 2004). The 
output values of the separability tests range from 0 to 2, with 0 indicating poor separability 
and 2 a total separability i.e. the signatures have no similarity among them. For this study, 
the both separability measures between the defined classes were acceptable.  

Collection of reference data to assess the accuracy of historical maps is often a tremen-
dous issue in data scarce areas (Wilson and Sader, 2002). While the collection of such data is 
less hectic for recent and current images, it is very difficult for images of long history espe-
cially due to the lack of reliable data such as aerial photographs (Biro et al., 2013; White et 
al., 2013; Zhou et al., 2008). Therefore, the data dearth for the current study constrained to 
the use of different sources of information. Ground truth information for accuracy assess-
ment of classified map of 2014 relied on the use of 177 field-registered GPS coordinates 
collected based on a random sampling. These points were collected during field campaigns 
between February and May 2014 corresponding to the dry season and matching the acquisi-
tion season of the image. Validation samples of at least 45 pixels were composed of either 
the raw GPS points or a blend with homogenous polygons around the GPS points. For the 
validation of LUC map of 2000, we referred to the available topographic map at 1/200000 
(IGN, 1986) and vegetation map of Togo (Afidégnon et al., 2003) combined with LUC maps 
of 2005 and 2009 from GlobCover project (Bicheron et al., 2008). The reclassification of 
GlobCover images was performed to meet the classification system used in the current study. 
Historical Google Earth images were helpful in the creation of these validation information. 
For the early date images (1987 and 1972), homogeneous areas were selected to create rep-
resentative validation samples based on the detection of unchanged areas (persistent pixels) 
along the time series. Hence, using the geographic link tool from ENVI software, the vali-
dated maps of 2000 and 2014 were overlaid with each of the classified maps for 1987 and 
1972 to collect randomly the validation data from the raw unclassified images (Biro et al., 
2013; Waiswa, 2011; Lung and Schaab, 2010). Background knowledge of the study area as 
well as qualitative information from local informants (local elders) were also helpful in the 
selection of these validation samples sites. 

A confusion matrix, the overall accuracy, the Kappa index of agreement were reported for 
each LUC map. Ultimately, some post-classification analyses were performed to minimize 
classification errors due to image registration and georeferencing of satellite images. A 
clump of 3 x 3 window was applied to all output maps to eliminate the “salt and pepper” 
polygons (Petursson et al., 2013; Zhai et al., 2015). 

3.2  Analyses of change and patterns of land use cover types 

The output images were exported to GIS software for change detection analyses between the 
four individual maps of the basin. Post-classification comparison adopted to detect changes 
in land-cover types was based on pairwise overlay (bi-temporal analyses) of individual LUC 
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maps (Braimoh and Vlek, 2004; Pang et al., 2013; Pang et al., 2010; Badjana et al., 2014). 
Class statistics, transitions analyses, conversion categories, and annual rates of occurrence 
were computed from the output LUC maps for each LUC type and transition category (Zhou 
et al., 2008; White et al., 2013; Tfwala et al., 2012). Statistics were produced for the three 
transition periods 1972–1987; 1987–2000; 2000–2014 and the overall period 1972–2014. 

We detected the gross gains (total gains), gross losses (total losses), net change (i.e. 
changes in land quantity), and swap changes (i.e. changes in land location) for each LUCC 
from a pairwise conversion matrix (Braimoh, 2004; Pontius et al., 2004; Schmitt-Harsh, 
2013; Carmona and Nahuelhual, 2012). The gross gain for a category i is expressed as the 
summative value of all areas gained from other LUC types at a final date. Inversely, the 
gross loss of a LUC category i is the summative value of all areas converted from i into 
other LUC types. For each LUC type, the total change area was calculated as the sum of all 
areas affected by changes (i.e. gross gains + gross losses). Hence, the net change was calcu-
lated as the simple difference between gross gains and losses during a transition period. 
Meanwhile, the swap change was derived by subtracting the absolute net change from the 
total change for the specific LUC type during a given transition period. 

The annual net change for each LUC type was calculated according to Equation 1 below 
(Carmona and Nahuelhual, 2012; FAO, 1996): 

 
100
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Si Tf Ti

     
 (1)  

where CR is the annual rate of change of a cover type, Sf is the area of the targeted LUC type 
at the final time Tf; Si is the area of the same targeted LUC type at the initial time Ti; ln is 
the natural log function. 

Furthermore, we detected the important LUC changes and persistence among the different 
LUC types for all the transition periods following Pontius et al. (2004). This methodology 
assumes there is randomness in the landscape transitions when land categories gained from 
other categories in proportion to the availability of the other losing categories, or recipro-
cally. Meanwhile the systematic transitions base on the interpretation of the transition pro-
portions relative to the sizes of the categories. A transition is assumed random when the dif-
ference between the expected and the actual transition proportions is close to zero while any 
large value indicates systematic landscape transition (Pontius et al., 2004; Schmitt-Harsh, 
2013; Romero-Ruiz et al., 2012). For this study, transitions with an absolute difference value 
higher than or equal to 0.5 were considered as the most important systematic changes. 

In the process of computing proportions for accounting for systematic and random 
changes, three important variables are used in determining the random and systematic tran-
sitions; viz. the observed (actual) transition values, the expected land gains and losses under 
random processes of gain and loss (Romero-Ruiz et al., 2012; Teferi et al., 2013; Gutiérrez 
Angonese and Grau, 2014). Whilst the observed transitions were computed from the actual 
values in the cross-tabulation matrix between two times, equations 2 and 3 were used to 
calculate the expected gain (Gij) and expected loss (Lij) of each transition under a random 
process of gain or loss (Schmitt-Harsh, 2013; Pontius et al., 2004; Nakakaawa et al., 2010). 
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where Gij denotes the expected transition from category i to j under random processes of 
gain, P+j is the proportion of the landscape in category j in the final time; Pjj is the observed 
persistent proportion of the category j; Pi+ is the total area of category i at initial time; Lij is 
the expected transition from category i to j under random processes of loss; and Pii is the 
proportion of the category i that showed persistence between the two times. 

Loss-to-persistence ratio L(–) and gain-to-persistence ratio G(+) were also calculated using 
Equations 4 and 5 to assess the vulnerability of the land classes to transition (Ouedraogo, 
2010; Nakakaawa et al., 2010; Braimoh, 2004; Romero-Ruiz et al., 2012). L(–) value for a 
cover category higher than 1 indicates a high vulnerability of that category to be converted 
into other categories (Gutiérrez Angonese and Grau, 2014). Meanwhile, G(+) indicates the 
tendency of a cover category to gain more from other cover types. These ratios are expressed 
as follows:  
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3.3  Landscape fragmentation and degradation using landscape metrics 

Spatial patterns in wild and human-impacted systems are often characterized using not only 
long-term spatial changes in vegetation cover but also the use of landscape metrics (LMs) 
helps in identifying and measuring landscape dynamic (Schindler et al., 2013; Renetzeder et 
al., 2010; Uuemaa et al., 2013; Mander and Uuemaa, 2010; Kang et al., 2013). Hundreds of 
LMs available for characterizing landscape patterns (i.e. composition and structure) and dy-
namics but we only selected 5 metrics (Table 1) (Zhang et al., 2013; Wu et al., 2014; Weng,  

 

Table 1  Land cover-based landscape metrics for approximating ecosystem services (ESS) change (McGarigal 
and Marks, 1995; McGarigal et al., 2002 

Indices & Acronyms Meaning of index – Measured ESS 

Number of patches (NP) 
NP ≥ 1, without limit. NP = 1 when the landscape contains only 1 patch of the 
corresponding patch type. Measure of the extent of class fragmentation 

Patch density (PD) 
PD has the same basic utility as number of patches as an index, except that it 
expresses number of patches on a per unit area basis that facilitates comparisons 
among landscapes of varying size. PD > 0, constrained by cell size. 

Largest patch index (LPI) 
Largest patch index quantifies the percentage of total landscape area comprised by 
the largest patch. As such, it is a simple measure of dominance. 0 < LPI ≦ 100; 
LPI approaches 0 when the largest patch in the landscape is increasingly small. 

Patch cohesion index – COHESION

Patch cohesion index measures the physical connectedness of the corresponding 
patch type. 0 < COHESION < 100; COHESION approaches 0 as the proportion 
of the landscape comprised of the focal class decreases and becomes increas-
ingly subdivided and less physically connected. 

Aggregation index– AI 
≦ ≦0  AI  100. Aggregation index is calculated from an adjacency matrix, 

which shows the frequency with which different pairs of patch types (including 
like adjacencies between the same patch types) appear side-by-side on the map. 
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2007; Wang et al., 2013; Wala et al., 2012) to evaluate landscape fragmentation at class 
level using FRAGSTATS 4.2.1 (McGarigal and Ene, 2013). Using 8 cell neighborhood rule, 
at only class and landscape levels, LMs were calculated for the four epochs at the whole 
watershed scale without any sampling. 

4  Results 

4.1  Historical land use/cover change and geographic patterns 

During the last four decades, major transformations affected the landscapes of the Mo river 
basin (Figures 2 and 3). On the spatial angle, the central and the northeastern areas of the 
basin were dominantly covered by human systems (croplands and settlements), especially in 
2000 and 2014. Most of the greenest areas from 1972 to 2014 lay within the PA, especially  

 

 
 

Figure 2  Historical patterns of LUC types in the Mo River basin 
(Note: The legend is dedicated to the four LUC maps) 
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Figure 3  Historical LUCC in the Mo River basin  
Note: The legend is dedicated to the four LUCC maps 
 

the Fazao-Malfakassa National Park in the southern and western parts of the basin. Savannahs 
and shrubs were the most scattered LUC types from the earlier dates to the most recent years. 
Some scattered patches of forests and woodlands were located within the most hu-
man-dominated parts, decreased markedly from 1972 to 2014. Meanwhile, the emergence of 
forest was marked along river network within the PA whereas in the free access lands, their 
cover decreased constantly over time. Built-up areas mostly developed in the eastern parts 
along the main road network. 

In terms of the areal distribution, natural vegetation dominated the landscapes and de-
creased from 99% in 1972 to 98%, 96% and 91%, respectively in 1987, 2000 and 2014 (Ta-
bles 2a, 2b, 2c and 2d). The most dominant LUC types over time were woodlands and sa-
vannahs. While the total area of the woodlands decreased from 94,829 ha in 1972 to 40,527 
ha in 2014, savannahs increased from 45,000 ha (30%) in 1972 to about 79,000 ha (53%) in 
2014. The proportion of forests was about 6% of the total area in 1972 and slightly increased 
to 6%, 9% and 11% for 1987, 2000 and 2014, respectively. Over the period 1972–2014, 
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there was an increasing forest coverage. Croplands significantly increased from 0.2% in 
1972 to 8% in 2014. Similar to the croplands, built-up areas also showed an increasing trend 
all over the years but still exhibit very low values. All LUC types experienced unidirectional 
changes between 1972 and 2014, with the exception of water areas which varied in relation 
to the water levels of Aleheride and Aledjo dams and the riverbeds. In general, the class sta-
tistics indicated high wildness and rurality of the study area where agricultural expansion 
and settlement growth are increasing the trend of human-appropriation of the landscapes.  

4.2  Change rates, persistence, gains and losses of land use/cover types 

Forests gained about 791 ha, 3497 ha and 3712 ha respectively for the three transition peri-
ods. Though forests gained over all the periods, the annual rates of gain decreased during the 
second and third transition periods (Tables 2b and 2c). The swap changes for forest coverage 
were of 7.2%; 6.9% and 5.9% for the ordered transition periods. The swapping values were 
quite higher than the respective absolute net changes (0.5%; 2.4% and 2.5%), suggesting 
that forest regeneration (gain from other cover types) and degradation or deforestation (loss 
to other types) during all the transition periods affected much more spatial coverage than the 
proportions revealed through the net changes. However, the overall net (5.4%) and swap 
(6.1%) changes over the period 1972–2014 were close, indicating that forest change proc-
esses (loss and gain) affected mostly great proportions of its initial spatial coverage in addi-
tion to the net gain of about 0.7% of new forest areas. 

Similar to forests, savannahs showed a constant increase in coverage passing from a net 
gain of 3051 ha (1.3% of initial areas) during the period 1 to approximated net gains of 1876 
ha (1.3%) and 29028 ha (19.6%) during the transition periods 2 and 3, respectively (Tables 2). 
However, land transformation processes affected much more coverage (high swap values of 
34.6%, 34.7% and 21% for periods 1, 2, and 3, respectively). The transition period 2 showed 
the lowest annual rate of gain (0.3%) while the period 3 experienced the highest processes of 
savannah gain (3.3%). In overall, the net (23%) and swap (25%) changes showed that the 
processes of savannah gain and loss affected quite same landscapes, even if there was an 
additional 2% of savannah cover change not captured through the net change. This category 
has the highest value of swapping (25.11%), suggesting a constant transformation (losses to 
and gains from other categories) of savannahs during the overall period, which affected 
about 52.3% of the total changes in this category. 

In contrast, woodlands experienced net losses of about 3.9% (5738 ha), 5.4% (7987 ha) 
and 27.3% (40,519 ha) of their initial coverage during the three periods, respectively (Tables 2). 
Similar to savannahs, woodlands experienced the high swap changes of 38.2% and 35.6% 
during the first two periods, indicating that woodlands experienced high exchanges of cov-
erage location (gain and loss) with other categories. However, the swapping in woodlands 
decreased during the third period (12.3%) because this cover type considerably decreased 
over time while gained only 6.2% from other categories. Between 1972 and 2014, wood-
lands had a net loss of about 36.7% out of 49.3% of total change at an annual rate of –2%. 
The highest rate of woodland loss occurred during the period 1987–2000. The swapping 
were quite fair (12.7%) suggesting that the changes in woodland locations did not occur 
much more as revealed from the transition periods. During the overall time, the swapping for 
woodlands represented about 26% of the total change, which is lower than the decreasing 



590  Journal of Geographical Sciences 

 



DIWEDIGA Badabate et al.: Assessment of multifunctional landscapes dynamics in the mountainous basin 591 

 

 
 



592  Journal of Geographical Sciences 

 

swap changes for this category during transition periods (91%, 87%, and 31% for the 3 pe-
riods, respectively).  

During the three transition periods, transformations affecting cultivated land consisted of 
both swap and net changes (Tables 2). While net gains of croplands increased over time, the 
swapping affected additional areas passing from 0.3% between 1972 and 1987 to 2.4% and 
3.6% for the transition periods 2 and 3, respectively. Thus, cultivated lands showed high 
tendency to gain from other land categories much more than to lose, suggesting that more 
intensive as well as extensive cultivation occurred in the Mo basin landscapes over the past 
42 years. Over all the three time intervals, similar trends were observed for human settle-
ments as their expansion induces agricultural lands in the meanwhile. For all the three peri-
ods, swap changes of these settlements far exceeded the observed net changes, meaning that 
all the areas affected by settlement expansion were underestimated by the net change results.  

4.3  Land use cover persistence, systematic and random conversions 

Land cover persistence dominated the landscape (more than 50% as sum of first lines of di-
agonal values in Tables 3). The persistence constantly decreased and accounted for 56%, 
55%, and 50% of the landscape, respectively for the ordered 3 transition periods. About 59% 
(100-sum of the diagonal entries in first lines, in Tables 3) of the landscape did change dur-
ing the overall 42-year period. Natural vegetation dominated the persistence with woodlands  
 
Tables 3  Matrices for the four periods under investigation in the Mo basin 
(a) Period 1 (1972–1987) 

Year 1987  
 

Forests Woodlands Savannahs Croplands Total 1972 Gross loss L(–) 

2.05 3.22  0.36 0.01 5.64 3.60  

2.05 (0.00) 2.98 (0.24) 1.55 (–1.18) 0.08 (–0.07) 6.66 (–1.02) 4.61 (–1.01) 1.76 Forests 

2.05 (0.00) 2.30 (0.92)* 1.24 (–0.88)* 0.05 (–0.04) 5.65 (0.00) 3.60 (0.00)  

3.54 40.88 18.89 0.50 63.85 22.96  

2.80 (0.74) 40.88 (0.00) 17.74 (1.15) 0.87 (–0.37) 62.37 (1.48) 21.49 (1.48) 0.56 Woodlands 

3.55 (0.00) 40.88 (0.00) 18.56 (0.34) 0.78 (–0.28) 63.85 (0.00) 22.96 (0.00)  

0.59 15.78 12.97 0.84 30.28 17.31  

1.33 (–0.74) 15.99 (–0.21) 12.97 (0.00) 0.41 (0.43) 30.75 (–0.46) 17.77 (–0.46) 1.33 Savannahs 

1.58 (–0.99)* 15.35 (0.44) 12.97 (0.00) 0.35 (0.49) 30.28 (0.00) 17.31 (0.00)  

0.00 0.07 0.09 0.01 0.17 0.16 16 

0.01 (–0.01) 0.09 (–0.02) 0.05 (0.04) 0.01 (0.00) 0.16 (0.02) 0.15 (0.02)  

Year 
1972 

Croplands 

0.01 (–0.01) 0.10 (–0.03) 0.05 (0.03) 0.01 (0.00) 0.17 (0.00) 0.16 (0.00)  

6.18 59.98 32.34 1.37 100.00 44.09  

6.18  59.98 (0.00) 32.34 (0.00) 1.37 (0.00) 100.00 (0.00) 44.06 (0.02) Total 1987 

7.19 (–1.01) 58.66 (1.32) 32.84 (–0.50) 1.20 (0.17) 100 (0.00) 44.09 (0.00) 
 

4.13 19.09 19.37  1.36 44.09 

4.13 (0.00) 19.09 (0.00) 19.37 (0.00) 1.36 (0.00) 44.08 (0.00)Gross gain 

5.14 (–1.01) 17.77 (1.32) 19.87 (–0.50) 1.19 (0.17) 44.08 (0.00)

 
 

 

 

G(+) 2.01 0.47 1.49 136   
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(b) Period 2 (1987–2000) 

Year 2000  
 

 Forests Woodlands Savannahs Croplands Total 1987 Gross loss L(–) 

3.22 2.52 0.42 0.01 6.17 2.95  

3.22 (0.00) 2.74 (–0.23) 1.70 (–1.28) 0.18 (–0.17) 7.85 (–1.68) 4.63 (–1.68) 0.92 

Forests 

3.22 (0.00) 1.76 (0.76)* 1.08 (–0.66)* 0.10 (–0.09) 6.17 (0.00) 2.95 (0.00)  

4.77 36.81 17.25 1.09 59.99 23.18  

3.39 (1.38) 36.81 (0.00) 16.49 (0.76) 1.74 (–0.65) 58.57 (1.42) 21.76 (1.42) 0.63 

Woodlands 

4.35 (0.42) 36.81 (0.00) 17.16 (0.09) 1.54 (–0.45) 59.99 (0.00) 23.18 (0.00)  

0.52 14.92 15.01 1.74 32.34 17.33  

1.83 (–1.31) 14.38 (0.54) 15.01 (0.00) 0.94 (0.80) 32.24 (0.11) 17.22 (0.11) 1.15 

Savannahs 

2.23 (–1.70)* 14.25 (0.67)* 15.01 (0.00) 0.79 (0.95)* 32.34 (0.00) 17.33 (0.00)  

0.01 0.33 0.85 0.15 1.36 1.21  

0.08 (–0.07) 0.61 (–0.27) 0.38 (0.48) 0.15 (0.00) 1.21 (0.15) 1.06 (0.15) 8.07 

Year 
1987 

Croplands 

0.11 (–0.10) 0.68 (–0.35) 0.42 (0.43) 0.15 (0.00) 1.36 (0.00) 1.21 (0.00)  

8.53  54.60  33.61 3.01 100.00 44.79  

8.53 (0.00) 54.60 (0.00) 33.61 (0.00) 3.01 (0.00) 100.00 (0.00)

Total 2000 

9.92 (–1.39) 53.57 (1.03) 33.71 (–0.11) 2.58 (0.44) 100.00 

5.30 17.79 18.60 2.86 44.79 

5.30 (0.00) 17.79 (0.00) 18.60 (0.00) 2.86 (0.00) 44.79 (0.00)

  

Gross gain 

6.70 (–1.39) 16.76 (1.03) 18.70 (–0.11) 2.43 (0.44) 44.79 (0.00)

44.79 (0.00) 

44.79 (0.00) 

 

 G(+) 1.65 0.48 1.24 19.07  

 
(c) Period 3 (2000–2014) 

2014   

  Forests Woodlands Savannahs Croplands Total 2000 Gross loss L(–) 

5.08 2.04 1.34 0.06 8.53 3.45 0.68 

5.08 (0.00) 1.16 (0.88) 3.86 (–2.52) 0.61 (–0.55) 10.74 (–2.21) 5.66 (–2.21)  

Forests 

5.08 (0.00) 1.06 (0.98)* 2.06 (–0.72)* 0.32 (–0.26) 8.53 (0.00) 3.45 (0.00)  

4.12 21.12 27.03 2.26 54.60 33.49 1.59 

3.55 (0.57) 21.12 (0.00) 24.73 (2.30) 3.93 (–1.67) 53.48 (1.12) 32.37 (1.12)  

Woodlands 

5.08 (–0.96)* 21.12 (0.00) 24.49 (2.54)* 3.78 (–1.51)* 54.60 (0.00) 33.49 (0.00)  

1.75 4.01 23.11 4.58 33.61 10.50 0.45 

2.19 (–0.44) 4.57 (–0.56) 23.11 (0.00) 2.42 (2.16) 32.37 (1.23) 9.27 (1.23)  

Savannahs 

2.47 (–0.72)* 6.12 (–2.11)* 23.11 (0.00) 1.84 (2.74)* 33.61 (0.00) 10.50 (0.00)  

0.05 0.11 1.61 1.21 3.01 1.80 1.49 

0.20 (–0.14) 0.41 (–0.30) 1.37 (0.24) 1.21 (0.00) 3.19 (–0.18) 1.98 (–0.18)  

2000 

Croplands 

0.22 (–0.16) 0.53 (–0.42) 1.04 (0.57)* 1.21 (0.00) 3.01 (0.00) 1.80 (0.00)  

11.03 27.29 53.18 8.20 100.00 0.00  

11.03 (0.00) 27.29 (0.00) 53.18 (0.00) 8.20 (0.00) 100.00 49.45  

Total 2014 

 

12.87 (–1.84) 28.89 (–1.60) 50.81 (2.36) 7.16 (1.03) 100.00 49.45 (0.00)  

5.95 6.17 30.07 6.98  49.45 49.45 (0.00)  

5.95 (0.00) 6.17 (0.00) 30.07 (0.00) 6.98 (0.00) 49.45 (0.00)  

 

Gross gain 

 

7.79 (–1.84) 7.77 (–1.60) 27.71 (2.36) 5.95 (1.03) 49.45 (0.00) 
 

 

 G(+) 1.71 0.29 1.30 5.77    
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(d) Period 4 (1972–2014) 

  Year 2014  

  Forests Woodlands Savannahs Croplands Total 1972 Gross loss L(–) 

2.59 1.18 1.76 0.11 5.65 3.05 1.18 

2.59 (0.00) 0.99 (0.19) 2.87 (–1.11) 0.46 (–0.35) 6.95 (–1.30) 4.36 (–1.30)  

Forests 

2.59 (0.00) 0.94 (0.24) 1.82 (–0.06) 0.28 (–0.17) 5.65 (0.00) 3.05 (0.00)  

5.90 20.93 33.58 3.35 63.85 42.92 2.05 

5.71 (0.19) 20.93 (0.00) 32.46 (1.12) 5.21 (–1.86) 64.68 (–0.83) 43.75 (–0.83)  

Woodlands 

6.51 (–0.61)* 20.93 (0.00) 31.38 (2.20)* 4.84 (–1.49)* 63.85 (0.00) 42.92 (0.00)  

2.52 5.16 17.73 4.67 30.28 12.55 0.71 

2.71 (–0.18) 5.32 (–0.16) 17.73 (0.00) 2.47 (2.20) 28.41 (1.88) 10.68 (1.88)  

Savannahs 

2.96 (–0.43) 7.32 (–2.15)* 17.73 (0.00) 2.20 (2.47)* 30.28 (0.00) 12.55 (0.00)  

0.01 0.01 0.08 0.07 0.17 0.11 1.57 

0.02 (–0.01) 0.03 (–0.02) 0.09 (–0.01) 0.07 (0.00) 0.20 (–0.03) 0.14 (–0.03)  

Year 
1972 

Croplands 

0.01 (0.00) 0.03 (–0.02) 0.06 (0.02) 0.07 (0.00) 0.17 (0.00) 0.11 (0.00)  

11.03 27.29 53.17 8.21 100.00 58.68 

11.03 (0.00) 27.29 (0.00) 53.17 (0.00) 8.21 (0.00) 100.00 58.68 (0.00) 

Total 2014 

12.08 (–1.05) 29.22 (–1.94) 51.02 (2.15) 7.40 (0.81) 99.99 (0.01) 58.68 (0.00) 

 

8.44 6.36 35.44 8.14 58.68 

8.44 (0.00) 6.36 (0.00) 35.44 (0.00) 8.14 (0.00) 58.68 (0.00)

Gross gain 

9.48 (–1.05) 8.29 (–1.94) 33.29 (2.15) 7.33 (0.81) 58.68 (0.00)

 

 

G(+) 3.26 0.30 2.00 116.29  

 

Note (applicable to Tables 3a, 3b, 3c and 3d): each table contains both the outputs of gain and loss analyses. Each cell 
is subdivided into three rows and two columns of numbers. Left column of each cell: the first row contains bolded 
numbers that represent the actual (observed) proportions of inter-categorical transitions (persistence and transitions) of 
the landscape. The second row represents the expected percentage of land under random processes of gain (named Ex-
pected (+)) calculated using Equation 2, where figures in round parentheses are equal to the observed proportion minus 
the one expected (named Difference (+)). The third row contains italicized numbers representing the expected proportion 
of land under random processes of loss (named Expected (-)) calculated using Equation 3, where numbers within round 
parentheses represent the observed proportion minus the expected one (named Difference (-)). Extreme right column of 
the table contains the Loss-to-persistence ratio (L(–)) while the extreme row is the Gain-to-persistence ratio (G(+)). Num-
bers highlighted in gray represent systematic gain transitions; starred numbers represent systematic loss transitions. 

 

exhibiting the highest but decreasing persistence over time. Meanwhile, the persistence of 
forests and savannahs constantly increased for all the periods. These categories gained much 
more from the transformation of woodlands, which persist despite the increasing pressures. 

The different types of transitions are indicated in Tables 3a, 3b, 3c, and 3d. Difference 
values between the observed and expected proportions of the landscapes (values in round 
parentheses in Tables 3) are used to detect random or systematic transitions. Values closer to 
zero are indicative of random transition while higher values indicate systematic transitions 
(But a threshold of 0.5% was considered for analytical purpose in this study). Most of the 
major transitions occurred between the four dominant cover categories, viz. forests, wood-
lands, savannahs and croplands (Tables 3). Over the three and the overall periods, transitions 
of forests-savannahs indicated large and negative difference values between observed and 
expected gains for savannahs, ranging from –1.18% (1972–1987) to –2.52% (2000–2014). 
These negative values indicate that savannahs did not emerge from forests. Similarly, a  
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negative difference value (–1.12%) was observed for the overall period 1972–2014, cor-
roborating the general trend of systematic avoidance of the forest replacement under random 
gain processes for savannahs. The vulnerability of forests to loss was quite evidenced by the 
loss-to-persistence ratio values higher than one during the first transition and overall periods 
(Tables 3a and 3d). However, the gain-to-persistence ratio (G+) for forests and savannahs 
were higher than one, indicating that this category gained much more than persistence over 
time. In contrast, L- of woodlands was of 1.6 for 2000–2014 and 2.1 for 1972–2014 indicat-
ing high vulnerability to loss in recent years in comparison to the two first periods where 
woodlands were less vulnerable (L- < 1).  

Conversely, forest gains were not associated with the replacement of savannahs (negative 
values of difference between observed and expected gains; –0.74%; –1.31%; –0.44% and 
–0.18%). In term of gains, there is a systematic mutual avoidance between forests and sa-
vannahs, in line with the trend of the transition of forests-savannahs. Meanwhile, forests 
systematically gained from woodlands (0.74%, 1.38%, and 0.57%) rather than savannahs, 
which exhibited negative values of observed minus expected gains of forests from savannahs. 
Mostly, savannahs gains during the four periods emerged from the replacement of wood-
lands, as indicated by the positive values of difference observed-expected gains (1.15%; 
0.76%, 2.30% and 1.12%, respectively for the four periods). Under expected random gain, 
croplands systematically emerged from savannah losses solely at the rates varying between 
0.8–1. In sum, under random process of gain, forests gained more from woodlands than the 
inverse at relatively very low expected rates (ratio values close to zero). Forests gains during 
all the periods did not emerge from savannahs, and inversely. Savannahs mostly gained from 
woodlands rather than from forests while woodlands did not gain from savannahs, except 
during the period 1987–2000. 

On the other hand, as indicated by the positive values of difference between observed and 
expected losses, forest losses during the three transition periods occurred systematically to-
wards woodlands (0.92%; 0.76%, and 0.98%, for period 1, 2, and 3, respectively) rather than 
savannahs (–0.88%, –0.66%, –0.72%, respectively for the periods 1, 2 and 3). However, in 
line with the criteria of systematic change defined in this study (threshold of 0.5%), the 
overall period did not show a systematic gain of woodlands from forests (0.24% lower than 
0.5%). Under these random processes of loss, it is expected that the loss of savannahs was 
systematically converted into woodlands, except the periods 2000–2014 (–2.11%) and 
1972–2014 (–2.15%), indicating that savannahs losses are not associated with woodlands 
replacement for these latter transition periods. The transition of croplands-natural vegetation 
showed that when croplands lost, they tended to be converted systematically into savannahs 
rather than other natural categories. This trend was most acute for the period 2000–2014 
with a difference value between observed and expected loss of 0.57% and at an expecting 
ratio around 0.5. Neither savannahs nor croplands lost systematically into forests, as indi-
cated by the low proportions of transition. Croplands exhibited highest values of G+ indi-
cating the agricultural expansion occurred much more than agricultural land abandonment or 
conversion into other cover categories. These G+ values for croplands were far higher than 
L- values indicating that croplands are less vulnerable to conversion to other categories than 
they gain from other categories. 

4.4  Landscape fragmentation and habitat quality change 

In general, the landscape metrics (NP and PD) increased for forests (Table 4a), woodlands 
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(Table 4b) and savannahs (Table 4c) from 1972 to 2014 in both PA and UPA. NP and PD for 
woodlands decreased from 1987 to 2014 in UPA landscapes. Meanwhile savannahs-based 
NP and PD increased from 1972 to 1987 and decreased constantly from 1987 to 2014. Over 
time, forest-LPI in PA increased markedly while the inversed trend was observed in UPA. 
While forest in PA constantly increased, UPA forest cover exhibited a slight improvement in 
COH in 2014 after a decrease from 1972 to 2000. Marked changes in landscape metrics 
were observed for 2014 and 2014, especially in UPA. 
 
Table 4a  Fragstat-based landscape indices for forest cover 

Year Status NP PD LPI COH AI 

PA 55 2.20 0.28 78.31 69.96 1972 

UPA 5 0.20 0.09 71.80 75.00 

PA 148 5.89 2.30 91.71 59.32 1987 

UPA 27 1.08 0.05 51.83 36.23 

PA 177 7.09 3.72 93.47 70.44 2000 

UPA 18 0.72 0.01 27.93 19.15 

PA 338 13.47 4.01 93.84 69.19 2014 

UPA 62 2.47 0.37 73.45 53.77 

References  NP ≥ 1 PD > 0 0 < LPI ≤ 100 0 < COH ≤ 100 0 < AI ≤ 100 

NP = number of patch; PD = patch density; LPI = largest patch index; COH = patch cohesion; AI = Aggrega-
tion index; PA = protected areas; UPA = unprotected areas 

 
Table 4b  Fragstat-based landscape indices for woodlands 

Year Status NP PD LPI COH AI 

PA 28 1.12 47.24 99.59 87.19 1972 

UPA 56 2.24 23.47 98.59 84.85 

PA 245 9.76 36.96 99.38 68.78 1987 

UPA 787 31.35 5.61 92.72 56.09 

PA 296 11.86 28.16 98.56 75.43 2000 

UPA 368 14.66 2.37 90.14 62.15 

PA 478 19.04 3.91 89.46 63.33 2014 

UPA 99 3.94 0.06 50.19 40.07 

References  NP ≥ 1 PD > 0 0 < LPI ≤ 100 0 < COH ≤ 100 0 < AI ≤ 100 

 

Table 4c  Fragstat-based landscape indices for savannahs 

Year Status NP PD LPI COH AI 

PA 75 3.01 24.43 98.51 85.60 1972 

UPA 36 1.44 55.18 99.72 88.38 

PA 298 11.87 26.61 98.45 76.70 1987 

UPA 98 3.90 61.11 99.79 73.75 

PA 257 10.30 25.52 95.06 71.86 2000 

UPA 40 1.59 65.84 99.84 82.34 

PA 135 5.38 37.22 99.07 81.97 2014 

UPA 40 1.59 63.27 99.76 88.92 

References  NP ≥ 1 PD > 0 0 < LPI ≤ 100 0 < COH ≤ 100 < AI ≤ 100 
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5  Discussion 

5.1  Land use/cover mapping and accuracy 

The LUC mapping showed that natural vegetation dominated the Mo basin for all the ob-
servational dates (1972, 1987, 2000 and 2014). At the early dates of the study period (1972 
and 1987), great parts of the Mo landscapes were greener and dominated by woodlands and 
savannahs. Agricultural patches (360 ha over about 148,600 ha of the whole basin) were 
merely located around scattered human settlements in the landscapes, especially along the 
main roads. Despite this dominance of natural vegetation over time, woodlands showed 
acute areal loss while forests and savannahs substantially increased along the study period. 
The decline of woodlands and the expansion of savannahs indicated that wood extraction is 
the main cause of landscape fragmentation and degradation. Similar transformations were 
observed in adjacent landscapes of the Kara river basin (Badjana et al., 2014) and the upper 
Northern areas of Togo (Folega et al., 2014b; Folega et al., 2015), where agricultural prac-
tices associated with energy wood collection were targeted as prominent factor of natural 
vegetation loss. Though of small-scale in the study area, agricultural production is regarded 
as main reason of deforestation and forest degradation in rural areas (Lindstrom et al. (2012). 

The reliability of these statistics and trends fundamentally depends on the accuracy of the 
classified maps measured via the Kappa indices of classification agreement. These Kappa 
indices (0.6–0.9) and overall accuracies (69%–92%) (Table 5) were high enough and satis-
factory for modelling of LUCC (Aguirre-Gutiérrez et al., 2012; Monserud and Leemans, 
1992; Leh et al., 2013). This resulted in reliable transition maps, which are the products of 
the individual LUC maps as suggested by Were et al. (2013). The overall accuracies of the 
transition maps were of 62.9%, 82.7%, 83.3% and 62.9%, respectively for the 3 and overall 
transition periods. Further, the producer and user accuracies not only ascertained the above 
accuracy statistics but also reported the classification errors, which are mostly due to spec-
tral confusion between cover types (Were et al., 2013). In addition, other factors such as 
complex topography and vegetation patterns in the Mo basin (Diwediga et al., 2015) could 
drive a certain level of complexity in spectral responses rendering cumbersome the classifi-
cation processes with less accurate outputs (Lu, 2006). Furthermore, misclassification errors 
could be introduced via data used for validation since the scale and the resolutions of the 
reference data for the past LUC maps were relatively poor. Though such data are of poor 
resolution for small-scale breakdown and might introduced biases (Verburg et al., 2013), 
they were of great interest for landscape monitoring in the data-scarce area of the Mo basin. 
Houet et al. (2010) illustrated that the ongoing challenge related to data availability compels 
to reliance of multisource data for assessing landscape dynamics. 

5.2  Historical trends and processes of land use/cover change in the Mo basin 

Through the analyses of LUCC in the contrasting landscapes (i.e. land protection status), 
large complex transformations occurred at the whole landscape level. All the LUC types 
experienced transformations at the early stages of the study period. This significant decrease 
in the quality of natural vegetation cover was mostly due to agricultural deforestation and 
wood product extraction (Dourma et al., 2009). In the neighbouring Basin of Kara River 
with higher human density, similar trends of natural vegetation were recorded with higher 
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proportions of changes (Badjana et al., 2014). Combined with the large network of PA, hu-
man concentration on common lands of UPA induced much landscape degradation and 
fragmentation, expressed throughout the landscape metrics. The increase over time in the 
natural vegetation metrics (NP and PD) is an indicator of the decrease of landscape homo-
geneity across the river basin. Further, LPI, COH and AI decreased constantly over time in-
dicating the increasing loss of landscape and habitat connectivity. Decreasing NP and PD of 
savannah expressed their increasing level of compactness (increasing savannah-specific LPI, 
AI and COH) and their dominance of the basin (Diwediga et al., 2015). Similar trends ob-
served in LM for both PA and UPA demonstrate the weak level of protective law enforce-
ment regarding the PA in the river basin (Wala et al., 2012; Diwediga et al., 2015), though 
natural processes had been shown as drivers of vegetation change in West Africa environ-
ments (Traore et al., 2015; Le et al., 2012). However, the Mo basin still exhibits high poten-
tial of wild landscapes attributable to the low populated compared to other regions of the 
country (DGSCN, 2010) associated with the high proportion of PA and landscape rugged-
ness. 

Typically, LUCC processes were not only quantitative (i.e. amount or net change) but also 
qualitative (i.e. location or swapping) (Pontius et al., 2004; Schmitt-Harsh, 2013). Indeed, 
the swap changes of the natural vegetation categories were higher and greater than the ab-
solute net changes, especially for woodlands and savannahs over time, suggesting that these 
LUC types experienced much more spatial transformation than perceived by the net change 
detection, during the transition periods. However, the constant swap decrease was an indi-
cator of a decrease in recovery (due to human pressures) and loss (due especially to less 
availability of natural lands) of natural vegetation. Sole forest category exhibited quite stable 
values of swap changes when the extent of analyses is large (1972–2014). For the overall 
period, the fair swaps for savannahs and woodlands suggest that changes in their locations 
occurred lesser than as revealed by the transition periods. Thus, the length of transition pe-
riod (number of years) is important factor affecting the detection of swapping processes, as 
longer periods tend to mask land transformations occurred in-between the observational 
dates. This indicates that the landscape is under perpetual dynamics which detection and 
acuity are consistent with high temporal resolutions (regular and closer observational dates). 
In the current study, the mapping approach exclusively relied on the landscape cover at the 
exact passing times of the satellite, which could not really reflect the LUC dynamics 
(Braimoh and Vlek, 2004). Although it has limits in the verification of the potential changes 
that occurred in-between the two successive dates (Braimoh and Vlek, 2005; Garedew, 
2010), the approach was helpful for analyzing the historical land dynamics in the data scarce 
case of the Mo basin.  

5.3  Landscape dynamics, land legislation and implications for sustainable land  
management 

Regardless of the land protection status and the transition periods, the processes of change 
affected approximately 50% of the lands in the whole basin between 1972 and 2014. Persis-
tent natural vegetation and processes of vegetation growth are becoming scarce in both PA 
and UPA. With a focus on the efficiency of law enforcement on biodiversity conservation, 
protection law played an important role for land conservation, though vegetation loss oc-
curred in the nature reserves and parks. In fact, illegal incursions were noticed in PA, espe-
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cially the Wildlife Reserve of Aledjo (Wala et al., 2012) and the national park of 
Fazao-Malfakassa, especially in the neighborhoods of Alombe and along Mo and Bouzalo 
rivers since 1978 (Aboudou, 2012). Despite the conservation measures, these types of wil-
derness loss were also reported in other PA of Northern Togo with more acute levels of deg-
radation (Dimobe et al., 2014; Folega et al., 2010; Folega et al., 2012). The fortunate situa-
tion of the PA in the Mo basin is attributable to the private status devolved to FMN Park es-
pecially during the period 1990–2015. Though it occurs at low rate compared to the situation 
outside PA, the decrease of natural vegetation should be of major concern to counter-act 
degradation scenarios similar to those of other PA of Togo (Folega et al., 2014; Wala et al., 
2012). Nevertheless, the relative low rates of occurrence compared to the situation in UPA 
are indicators of the importance of PA in conserving land resources (Fan et al., 2013; 
Porter-Bolland et al., 2012). However, national government efforts are explicit towards the 
law reinforcement for PA. This is the case of FMN Park, which regained much more atten-
tion through two major concrete actions: (i) the assignment of the park to a private monitor 
and manager for 25 years (1990–2015) and (ii) redefinition of new boundaries that take 
somehow into account rural people needs. 

The systematic transition of woodlands into savannahs and the expansion of agricultural 
land from savannah should be key indicators of land conservation challenges in the area. 
Without effective law enforcement within PA and conservation efforts and sensitisation in 
UPA, further decline in natural vegetation will continue affecting the Mo river landscapes. 
With regard to these trends, pro-active approaches need to be undertaken to counter-act the 
current nature and spatial patterns of degradation and address the underlying factors of these 
change (Lambin et al., 2003). This study showed that timely acute and spatial information 
could be drawn from satellite images at landscape level to detect hotspot areas where efforts 
should concentrate for conservation and restoration processes. Efforts should concentrate to 
reduce or impede the processes inducing land cover quality loss in both PA and UPA through 
effective institutional operationalisation at local and national level regarding land question to 
ensure a holistic framework for sustainable land use and conservation. This suggests a clear 
definition of land tenure regime that addresses major challenges regarding the management 
of common resources, especially outside PA where land resource allocation decision-making 
is uncontrolled and guided by individual household needs. Institutional and political settings 
towards land governance is a key cornerstone that should be clearly set as basis for sustain-
ability (Paudel et al., 2015). The revision of current national policy regarding the redefini-
tion of PA network in Togo needs careful consideration of the real needs of surrounding 
communities to avoid breaking the law (Vedeld et al., 2012; Tumusiime et al., 2011). 
Meanwhile, common lands outside PA might gain much more attention towards sustainable 
use in order to avoid issues related to common resources. Furthermore, focus should be 
given to the definition of a clear land information system and the role of all stakeholders 
from formal to informal as well as public-private partnership in rural communities. Reduc-
ing the dependence of households on forest products tend to be of positive effect in the 
process of landscape conservation. Therefore socio-economic conditions of rural households 
should be strengthened through diversification of income-generated activities. These options 
could be the promotion of orchards and cashew plantations, and agroforestry systems in 
current farmlands which could support social-ecological development (Mbow et al., 2014b; 
Mbow et al., 2014a). REDD+ implications of such strategies could be source of incentives 
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for reducing land decline in the area (Mattsson et al., 2012; Nakakaawa et al., 2010). 

6  Conclusion 

Since there is a lack of information on the historical patterns of LUC in developing countries, 
the reliance on proxies such as the earth observation archives seems to be interesting to 
monitor landscape transformation and its factors. In this study, the use of historical Landsat 
data provided an assessment of the process of vegetation cover degradation in rural areas of 
the Mo river basin. The study provided more light on the extents, locations and rates of rural 
land transformation, mainly deforestation and forest degradation (DFD). The results re-
vealed that the observed trend in the study area are the intensive decline of woodlands asso-
ciated with an increase in savannah and forest extents as well as cultivated areas. Despite the 
important network of PA in the area, natural vegetation showed a decreasing trend from 99% 
in 1972 to 91% in 2014. This significant change in the natural land cover quality and extent 
were due to agricultural expansion and wood extraction in both PA and UPA. The trend in 
the landscape dynamics indicated a savannisation process throughout the river basin though 
there was an improvement of forest cover. The net balance of natural vegetation changes 
indicated an overall loss mostly due to woodland decline. However, there Mo basin still 
provides wide landscapes for wilderness protection and natural landscape integrity (Di-
wediga et al., 2015). This information may be of practical aspect in guiding managers and 
policy makers for reversing the loss of natural vegetation through the formulation and im-
plementation of new strategies for the integrated land management. Restoring degraded ar-
eas and increasing awareness to maintain the quantity and quality of the natural vegetation 
are essential for supporting livelihood, biological conservation and global climate mitigation. 
With regard to the ecological and economic importance of the Mo river basin and its sur-
rounding lands, attempting focus towards the reduction of vegetation decline, should be 
given through further analyses of the major trajectories of conversion, the underlying factors 
as well as the direct drivers, and the modelling of possible pathways of sustainable devel-
opment of the basin.  
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