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The main objective of research was to use 3S technology coupled to traditional method of vegetation 
sampling to assess the vegetation dynamic in Northern Togo. The remote sensed data of three different 
years (1987, 2000 and 2007) were used to evaluate the land use change by employing the normalized 
difference vegetation index (NDVI) algorithm, Iso-Data unsupervised classification and change 
detection method set by Winne. The vegetation sampling followed the Braun-Blanquet concept and was 
carried in riparian forest. The analysis and interpretation of the map of land cover change dynamic 
show that the rate of forest harvest is higher than it regrowth. The vegetation which has not been 
subjected to physical structure modification is localized along the river and is displayed in white color 
on the map, but around this type of vegetation, it is evolved in the regrowth stage displayed in cyan. 
From the 62 forest samples, 61 plants species were listed. A large number of these species belong to 
Combretaceae, Rubiaceae, Mimosaceae and Caesalpiniaceae families. The cluster analysis of the 
samples allows the identification three riparian forest grouping. Their distributions follow a latitudinal 
position; the grouping of Pterocarpus santaloïdes and Cola laurifolia (Rp1) is found in low latitude while 
P. santaloïdes and Eugenia kerstingii (Rp2) is presented in high latitude. The third group is mainly 
constituted of adjacent dry forest species which grow in flooded plain around the rivers and streams. 
These basic information in spite of their insufficiency, could be useful management purposes of land 
resources. 
 
Key words: Land use change, land resources, Riparian forest, normalized difference vegetation index (NDVI), 
biodiversity. 

 
  
INTRODUCTION 
 
Mapping, assessing including the monitoring changes of 
vegetation cover has been widely recognized as an 
important step in the study of global change (John et al., 
2002). Recently, several nature conservation 
organizations and government agencies have recognized 
and have conducted the evaluation of forest physical 
conditions on broad scales by using defensible methods 
(Noss, 1999).  However,  the  process  of  any  vegetation  
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ecosystems planning especially forest can be achieved 
without a clearly design master plan from which derived 
detailed objectives and management plan. 

The vegetation of the Sector with high hydric stress, in 
spite of been under the climate pressure has to deal with 
zoological disturbances which revealed to be increasing. 
Monitoring the vegetation which grows in this drought 
area by the mean of remote sensing and GIS 
technologies can improved the management system of 
the resources (Al-Bakri and Taylor, 2003). But more 
attention needs to be put on the zone (Riparian and 
stream forest) which seems to be considered as 
biodiversity hotspots. 
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Figure 1. Map of survey areas. 

 
 
 

The fast growing progress in 3S technologies as 
remotely sensed data can be rapidly acquired and widely 
used for monitoring the earth’s resources (Lillesand et al., 
2008; Wen-Tzu et al., 2005). For these purposes, optical 
remote sensing has been used extensively to map the 
extent and rates of deforestation and the extent and 
temporal dynamics of anthropised vegetation (Foody et 
al., 1996). In most cases forests were converted to 
pasture and agriculture fields, while forest fallow growth 
corresponded to secondary vegetation (Salas et al., 
2002). 

The normalized difference vegetation index (NDVI) 
derived from remote sensed data, has been extensively 
used for vegetation monitoring, crop yield assessment, 
and drought detection. However the NDVI is sensitive to 
external factors not related to the forest canopy itself 
(Pieter et al., 2006; Gamon et al., 2004). This vegetation 
index was very useful for monitoring vegetation dynamics 
on a regional and continental scale (Stefanie et al., 2005; 
Albert et al., 2002). 

The current study has the objective to associate the 
remote sensing and traditional method vegetation 
sampling to assess the vegetation of Togo. It aims firstly 
to monitor vegetation change dynamic in northern Togo 
by using optical remote sensing data in order to get a 
synoptic view of vegetation and ground component. 

Secondly, it chose the less disturbed vegetation type for 
its ecological evaluation. This study aims also to be in 
first line of the framework of sustainable management of 
land resources use in the drought area of Togo. 
 
 
METHODOLOGY 
 
Study area 
 
The survey area covers the protected areas of Barkoissi (2000 ha), 
Galangashi (7500 ha) and Oti-Keran (163650 ha) (Figure 1). These 
areas are situated in the Eco–Region 1 (Ern, 1979). The main relief 
of the study area is formed by a vast plain. The region is dominated 
by leached ferruginous soils covering cuirass in the plain of Oti. 
Many rivers drained the areas, among them are Oti and 
Koumongou.  

The region has a Sudanese tropical climate influenced by the 
alternation of a long dry season and short rain season. 
Temperatures vary between 20 and 35°C for Mango meteorological 
station (Moussa, 2008) (Figure 2). Livestock in the region include 
poultries, caprine and sheep, but the main crops species consist of 
sorghum, millet, groundnuts, cowpeas, maize and yams. The ethnic 
groups living in the sector include Ngamgam, Tchokossi, Lamba, 
Fulani, Tamberma, Gnande, Moba, and Yanga and the activities 
mainly practice are agriculture, transhumance, harvest of forest 
products and bush fires. 

Seven land cover types were described in the region during the 
previous research. Among these lands cover types the riparian and 
stream vegetation are the most diversified and luxuriated.  
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Figure 2. Map land cover change dynamic (MLCD). 

 
 
 

Table 1. Interpretation of additive color of the RGB-NDVI map. 
 

Additive color R G B Interpretation 

Red H L L Harvest 87-00 

Cyan L H H Harvest before 87 and regeneration between 87-07 

Yellow H H L Harvest 00-07 

Blue L L H Harvest before 87 and regeneration 00-07 

Magenta H L H Harvest between 87-00, regrowth between 00-07 

Green L H L Harvest before 87, regrowth 87-00 and Harvest 00-07 

Black L L L No change -barren areas, urban area or water 

Dark gray L L L No change -stable vegetation (Low biomass) 

White H H H No change -stable vegetation (High biomass) 

 
 
 
Processing and analysis of data 
 
Remote sensed  
 
In order to describe the most naturally conserved vegetation type, 
the land use change analysis was performed by using the Landsat 
images. These raw data was got freely by downloading from Global 
land cover facility website. To achieve this step of the research, the 
additive color interpretation method (Table 1) was used (Sader and 
Winne, 1992). The general preprocessing of satellite images which 
include haze and atmospheric scattering reduction (Chavez, 1996; 

Andy and Dhari, 1996) were applied to TM-1987, ETM+-2000 and 
ETM+-2007 images.  

The NDVI values represented as a ratio ranging in value from -1 
to 1. In spite of the development of other vegetation index, the 
NDVI is still useful for vegetation assessment. In practice, extreme 
negative values represent water; values closed to zero refer to 
barren areas of rock, sand, or snow however, low and high positive 
values indicate biomass leaf, represent by grassland, shrublands, 
and tropical rainforests (Wilson and Sader, 2002; Justice et al., 
1985; Tucker, 1979). The NDVI was computed for three Landsat 
images by using this formula:  



 
 
 
 
NDVI= λNIR +λR / λNIR -λR 

 
Where λNIR: Near Infra-Red, λR: Red. The three NDVI images 
(NDVI-1987, NDVI-2000 and NDVI-2007) were integrated as red, 
green and blue component after the stacking process.  

The new three NDVI images obtain were stacked; the image of 
three layers obtained was subjected to unsupervised classification 
with the algorithms commonly use in remote sensing (ISODATA: 
Interactive self-organizing data analysis algorithm technology). This 
algorithm was needed for further refinements by splitting and 
merging of clusters (Lillesand et al., 2008; Jensen, 2005). The post-
classification of the classified image permit to reorganize the 
classes around the nine additive color interpretation (Ola, 2008).  
 
 
Floristic  
 
Given by the research of most diversified vegetation, the floristic 
research was oriented on the riparian and stream vegetation. The 
NDVI analysis confirmed also that this component present very high 
positive value. Along the Koumongou, Koukombou and Gambara 
rivers, the floristic samples of 50×10 m based on Braun-Blanquet 
(Westhoff and van der Maarel, 1978) concepts were installed. The 
floristic information and qualitative ecological parameters as 
edaphic variables, topographic attributes, and disturbance level 
were recorded along without the geographic coordinate. 

For the 62 riparian forest samples a cluster analysis according to 
Ward (1963) method was applied to determine how the riparian 
community is organized. The method of indicator value (IndVal) or 
indicator value (Legendre and Legendre, 1998) was then necessary 
to define the species characterizing the grouping set by the cluster 
analysis. Following the floristic processing information, a map of the 
three riparian forest community distributions was design. Statistica, 
Arcgis and Erdas software were employed during the data analysis. 
 
 

RESULTS AND DISCUSSION 
 

Changes in land and soil cover 
 

The land cover and land use dynamic of the study areas 
can be well assessing from the results displayed in 
Figure 2. The different in additive colors displayed on 
Figure 2 show the ranging of NDVI values change. The 
map land cover change dynamic (MLCD) captures 
vegetation change with ease of visual interpretation 
(Figure 2) which was enhanced by the Table 1. This 
change detection also, detects and quantifies major 
decreases or increases in green biomass associated with 
forest harvest or regrowth (Donatien, 2008). 

Red and yellow colors on change map (Figure 2) 
indicate the areas where the NDVI values were decrease 
with the time. These colors expressed vegetation harvest, 
characterized by the reduction of biological resources.  

The vegetation harvest between 1987 and 2000 was 
estimated to 30220.1403 ha but between 2000 and 2007 
it was 11659.5526 ha. The situation was depended more 
on the mismanagement of the areas due to the failure of 
political, economic and social reform set since 1990.  

Among the anthropogenic disturbances observed in the 
field, farming followed by tree cutting, bush fire still the 
recurrent ones. The high pressure of these unceasing 
increasing    disturbances   between    1990    and    2000,  
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corroborate also well, with the great lost of biomass 
during the same period. In the field the old fallows 
presented progressive evolution into shrubby and tree 
savanna. 

In this traditional systems of land exploitation (Folega et 
al., 2011a; Kperkouma et al., 2005), local residents 
preserved deliberately perennials multipurpose woody 
plants in association with crops and/or breeding in a 
dispersed space arrangement. Today this reserve seems 
looking as a mega-parkland than a protected area. 

However, it is difficult to estimate the lost and regrowth 
of vegetation from the fluctuant area; the plants species 
regeneration in the study area were higher than 
vegetation harvest since the consensual rehabilitation of 
protected areas project was designed by managers 
(UICN/PACO, 2008). 

According to Table 1 interpretation, the zones with 
minor or no change in vegetation are represented by 
black, black gray and white color on the map which 
means the vegetation growth is stable in these places.  

The negative values of NDVI corresponded to black 
zone and indicate more water and villages in little 
proportion. For black gray and white areas, the 
vegetation is respectively, few and highly luxuriant. The 
white areas correspond especially to riparian forest and 
to wooded savanna in few dimensions in the field. The 
cleared of riparian forest and neighboring wooded 
savanna such us dry forest are very perceptible in west 
part of Oti-Keran protected area along Koumongou river. 
This finding confirms the conception that the riparian 
forest is still well conserved, which is the reason why 
temporally flooded places are characterized by black 
increase in this part of the reserve. But from the MLCD 
the riparian forest seem to be a dynamic fluctuated sector 
because of the important distribution of Cyan color along 
rivers (Figure 2).  

The interpretation of this color allowed the analysis of 
vegetation clearing, no change, and regrowth classes in a 
time-series (Hayes and Sader, 2002; Sader et al., 2003). 
In overall the riparian and stream forest remains the 
vegetation which keeps more natural features. 

 
 
Flora and vegetation features of the most conserved 
ecosystem 

 
However the riparian forest was investigated only along 
the three important rivers (Koumongou, Koukombou and 
Gambara) of the study area, the vegetation found in the 
zone reflect well the vegetation which evolved in humid 
Sudanian sector (Oumarou et al., 2011, Folega et al., 
2011b). 61 tree plant species listed after floristic 
processing belong more to Combretaceae, Rubiaceae, 
Mimosaceae, Caesalpiniaceae, Ancardiaceae, Fabaceae 
and Moraceae families (Table 3). The important part of 
these families in the floristic procession can be used as 
biogeoindicator of Sudanian tropical sector. 
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Table 2. Major features of the diversity among the riparian plant community. 
 

Riparian forest  S H' E ab fr 

P. santaloïdes and C. laurifolia (Rp1) 20 2.94±0.013 0.68±0.0031 0.032 ±0.017409 0.066±0.0207 

P. santaloïdes and E. kerstingii (Rp2) 15 2.58±0.014 0.66±0.0036 0.032±0.017563 0.032±0.0168 

A. leiocarpus and P. erinaceus (Rp3) 46 3.96±0.011 0.71±0.002 0.032±0.01698 0.032±0.0160 

 
 
 

Table 3. Distribution of species among the three plant grouping.  

 

Riparian plant grouping Rp1 Rp2 Rp3 

Acacia gourmaensis A. Chev.   1 

Acacia polyacantha Willd.  1 1 

Anogeissus leiocarpa (DC.) Guill. and Perr. 1  1 

Argocoffoepsis rupestris (Hiern) Robbr.   1 

Azadirachta indica A.Juss.  1 1 

Bombax costatum Pellegr. and Vuill. 1  1 

Bridelia ferruginea Benth.  1  

Canthium multiflorum (Schum.and Thonn.) Hiern  1  

Celtis toka (Forssk.) Hepper and Wood Syn. C. integrifolia Lam. 1   

Cola laurifolia Mast. 1   

Combretum acutum Laws 1   

Combretum glutinosum Perr. ex DC.   1 

Combretum micranthum G.Don.   1 

Combretum molle R.Br. ex G.Don   1 

Combretum paniculatum Vent.   1 

Crataeva adansonii DC. subsp. Adansonii 1   

Crossopteryx febrifuga (G. Don)Benth.   1 

Cussonia kirkii Seem.   1 

Cynometra megalophylla Harms 1   

Daniellia oliveri (Rolfe) Hutch. and Dalziel 1 1 1 

Diospyros mespiliformis Hochst. ex A.DC. 1 1 1 

Entada abyssinica Steud. ex A.Rich.   1 

Entada africana Guill. and Perr. 1   

Eugenia kerstingii Engl. and Brehm. 1 1 1 

Feretia apodanthera Delile Ssp. apodanthera    1 

Ficus capreaeifolia Del. 1 1  

Ficus exasperata Vahl 1   

Ficus sycomorus Linn. subsp. gnaphalocarpa (Miq.) C.C. Berg    1 

Gardenia ternifolia Schum. and Thonn. Syn G. triacantha DC.   1 

Grewia venusta Fresen. Syn. G. mollis Auct.   1 

Isoberlinia doka Craib and Stapf 1  1 

Khaya senegalensis (Desr.)A. Juss.   1 

Kigelia africana (Lam.) Benth. 1   

Lannea kerstingii Engl. and K. Krause   1 

Lannea microcarpa Engl. and K. Krause   1 

Lonchocarpus sericeus (Poir.) Kunth   1 

Margaritaria discoidea (Baill.)Webster 1 1  

Maytenus senegalensis (Lam.) Exell   1 

Mitragyna inermis (Willd.) O. Kuntze 1 1 1 

Nauclea latifolia Smith   1 

Parinari curatellifolia Planch. ex Benth. 1 1  

Parkia biglobosa (Jacq.)R.Br. ex G.Don f.   1 
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Table 3. Contd 
 

Piliostigma thonningii (Schumach.) Milne-Redh.   1 

Prosopis africana (Guill. and Perr.) Taub.   1 

Pteleopsis suberosa Engl. and Diels   1 

Pterocarpus erinaceus Poir   1 

Pterocarpus santaloïdes DC. 1 1  

Sclerocarya birrea (A.Rich.) (Hochst.)   1 

Sterculia setigera Del.   1 

Stereospermum kunthianum Cham. var. kunthianum  1  

Strychnos nigritana Baker   1 

Strychnos spinosa Lam.   1 

Terminalia glaucescens Planch. ex Benth.   1 

Terminalia laxiflora Engl. and Diels   1 

Terminalia macroptera Guill. and Perr.   1 

Trema orientalis (L.) Blume   1 

Vitellaria paradoxa C.F.Gaertn.   1 

Vitex doniana Sweet  1 1 

Vitex madiensis Oliv.  1 1 1 

Ziziphus abyssinica Hochst. ex A.Rich.   1 

Ziziphus mucronata Willd.   1 

 
 
 

The cluster analysis allows the regrouping of the 
samples into three riparian plant communities (Figure 3). 
Three plant communities (Table 2) defined are present in 
a particular geographical distribution.  

The Rp1 mostly dominated by Pterocarpus santaloïdes, 
Cola laurifolia, Clematis integrifolia, Mitragyna inermis 
and Diospyros mespiliformis was essentially present 
along the Koumongou River (Figure 4). This plant 
community decreased from East to West of the river 
where a large amount of it are very sparse. This may be 
due to many purposes. The western part of the river 
which belong to the Protected Areas of Oti-Keran still do 
not have a real juridical statue and is considered as a 
zone under negotiation. The mismanagement of this zone 
increases the importance of forest harvest. 

The Rp2 is almost found along Koukombou and 
Gambara rivers, but it is available in the western part of 
Koumongou River in few portions. It is highly dominated 
of P. Santaloïdes, E. Kerstingii, V. Madiensis, M. inermis 
and F. Capreaeifolia. This grouping will be less 
hygrophilous than Rp1 because it growth around high 
latitude with less rainfall compared to the Rp1 growth 
conditions. 

The Rp1 and Rp2 represent the vegetation which grow 
along rivers bank, however the Rp1 abounded more in 
the southern zone of the investigation area while Rp2 is 
well represented in the northern sector. But the two plant 
communities present an intersection area which 
corresponds to the western sector mainly along the 
Koumongou (Figure 5).  

The Rp3 represent the adjacent vegetation closed to 
the vegetation which grown on the bank. This vegetation 

corresponds to the transition between basic riparian 
forest and dry forest. This statue was also confirmed by 
the presence of species characterizing flooding plain. The 
Rp3 is an association of riparian forest and dry forest 
species. The most represented ones were A. Leiocarpus, 
P. erinaceus, M. inermis, N. latifolia, E. kerstingii, P. 
Thonningii, D. mespiliformis, V. madiensis, T. macroptera 
and D. oliveri (Figure 4). 

The diversity in the area is relatively low, the index of 
Shannon in both cases is less than 4.5 bits, and this 
confirms the important of human disturbances on this 
ecosystem integrity (Folega et al., 2011c, 2011d; 
Zoungrana, 2008). However, riparian community present 
a natural community feature based on the Shannon index 
which is inferior to 4 bits (Alessandro et al., 2011). The 
species regular distribution among the three communities 
are similar, but with an evenness of Pielou high than 5; 
plants species show a regular spatial distribution. 

 
 
Conclusion 

 
The research enables to get a quick knowledge of land 
use change in region where the growth agglomerations 
and farms constantly modify the landscape. The 
vegetation of the riparian forest which constitutes the 
hotspots of diversity was defined through this study. The 
actual deal for land resources management would be the 
constant update of research information in order to make 
the sustainable management of land features more 
efficiency. 
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Figure 3. Hierarchical clustering for 62 riparian forest tree samples. 
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Figure 4. Correlation between species abundances and frequencies. 
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Figure 5. Map of the three riparian forest grouping (Rp1, Rp2 and Rp3) distribution. 
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