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Abstract
Vegetation plays important roles in the Earth’s surface. It constitutes a vital source of energy,
livestock fodder, construction and food materials, medicine and a number of indispensable ecosystem
functions including atmospheric carbon sequestration and ground water recharge. Mapping
vegetation activities is important and useful for environmental management, land use planning
and/or policymaking support. The aim of this study is to assess monthly variation of vegetation in
West Africa with a view to identifying responses of plants to seasons in the area. This study used bimonthly NDVI3g dataset of 2000, 2005 and 2010 which was converted to monthly aggregates using
the Maximum Value Composite method in order to further minimise the effects of cloud
contamination using R software. Spatial and temporal analyses were made to examine the monthly
variations of vegetation activity across the study area. The spatial mapping and temporal trend
analysis were carried out using R software with aid of different library packages including raster,
rasterVis, time series, and ncdf. This study found that marked association between NDVI and
rainfall. For months with little or no rainfall (January through to April), NDVI is near zero especially
in West Africa especially in Burkina Faso, Senegal, Mali and Niger Republic which are located
latitude 150N northwards. The temporal pattern also follows oscillating nature of rainfall arrival and
cessation in the area as NDVI is seldom above 0.4 for most of the months except August and
September which records up to 0.6. This can be linked to the high amount of rainfall received in June,
July and August, which allow vegetation activity to rise. The lowest values of 0.1- 0.3 were found in
October, November and December. This study recommended that major capacity building is needed
through education to harness the new approaches and tools of monitoring vegetation variability for
evidence-informed decision making, policy and practice in the area.
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INTRODUCTION
West Africa is adversely affected by unprecedented environmental degradation particularly
in savanna environments where the natural environment is perceived to be under greatest
threat. Its sub-Saharan part has been one of the world’s most water limited ecosystems
(Kaptué et al., 2015) and this has strongly affected vegetation growth (Herrmann, Anyamba,
and Tucker, 2005). This region has been the most devastated by the worst and lethal drought
in recent history (Nicholson, 1995; Le Houérou, 2009). This resulted to four decades of
studies on the intermittent effects of drought on vital components of the environment such
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as vegetation which lead to land degradation and deteriorate the area’s natural state (Mbow
et al., 2015).
In the region, the natural state of vegetation have been persistent affected since the drought
of 1970s however, arguments emanates about re-greening (which probably weaken facts on
the actual state of vegetation at local level) following the availability of time-series satellite
data such as Normalised Difference Vegetation Index NDVI (Ecklundh, and Olsson, 2003;
Fensholt, Langanke, Rasmussen, Reenberg, Prince; Mbow et al., 2015) and to some extent the
success story of community conservation within sub-Saharan regions of Niger Republic (Reij
et al., 2009). This calls for constant research on vegetation dynamics in the region using all
available scales.
Changes in vegetation cover and/or productivity have been widely assessed using time
series based satellite images vegetation index known as Normalized Vegetation Index
(NDVI) which quantify vegetation change and degradation over time. Since 1970s several
studies such Deering et al., 1975; Tucker, Dregne, and Newcomb 1991; Olsson, Eklundh, and
Ardö, (2005); Landmann et al., 2014; Le et al., 2012; Knauer, Gessner, Dech, and Kuenzer,
2014; Walker et al., 2014; Zhang et al., 2014; Brandt et al. (2014) and Brandt, Tappan, Diouf,
Beye, Mbow, and Fensholt, 2017 showed that vegetation in West Africa is still recovering
from the driest years of the century. These works came to a conclusion that there is strong
correlation between vegetation activities (using NDVI as a proxy) and rainfall although
other factors like disturbance by urbanization and heavy livestock concentration (Li et al.,
2004; Boschetti et al., 2013) are equally important.
The discrete nature of these works Barbosa, Huete and Baethgen, (2006) calls for also
regional examination of the spatial heterogeneity of NDVI as well as its anomalies in West
Africa. This is because in some locations such as Tahoua, Niger Republic there was relatively
strong greening trends of up to 100% in the period 1982 to 1999 (Olsson, Eklundh, and Ardö,
(2005) while Western Senegal, parts of Mali (Dardel et al., 2013), central and eastern Burkina
Faso (Herrmann, and Tappan, 2013) and northern Nigeria showed strong browning down
trends (Garba, 2008; Danjuma, 2017). The extent and degree of vegetation recovery or
degradation in West Africa is still widely debated (Kaptué, Prihodko, Hanan, 2015), hence
the results from the several small to regional scale studies presented here (that used satellite
imagery and historical rainfall) are not enough to justify vegetation activities for the whole
West Africa with confidence. This is due to fluctuating growth and a strong south to north
declining trend of vegetation in the large parts of West Africa, (Knauer, Gessner, Dech, and
Kuenzer, 2014), even the leading re-greening proponents of re-greening such as Brandt,
Mbow, Diouf, Verger, Samimi, Fensholt, (2015) and Brandt et al. (2016) showed that the
trends of annual vegetation growth in the region is not of sustained productivity but a
mixture of improvement, gradual decline and disappearance of vegetation due to the
conversion of grassland to agricultural land and the replacement of woody species by
shrubs and grasses (Herrmann and Tappan, 2013; Sambou et al., 2016; Brandt et al. 2017;
Danjuma, 2017).
Because of uncertainties regarding use of the currently available field data (traditionally
collected at small spatial and temporal scales and vary in their type and reliability) for
predicting regional changes, this study used high resolution satellite imagery (GIMMs
NDVI3g) to assess monthly variation of vegetation in West Africa on both spatial and
temporal scales with a view to identifying annual average, annual maximum and minimum
increments and estimate vegetation response to seasons in the area. This study is imperative
because there is the need to determine the condition of vegetation of this fragile region with
a high temporal and spatial resolution data to detect local vegetation change which is still
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contestable in the findings of some contributors such as Reij et al. (2009) and opponents of
land degradation Behnke and Mortimore (2016).
STUDY AREA
West Africa is located between latitude 4oN and 20oN and longitude 17oW and 15oE (Figure
1). The area is approximately 6,140,000 km2, roughly about one-fifth of the African continent.
It is situated between the arid and semi-arid regions of the Saharan desert in North Africa,
and humid tropical savanna in the equatorial West Africa down to the Atlantic coast to the
south.
Climate of the area is predominantly tropical, with the majority of the continent having
mean temperatures above 21o celsius for nine months of the year. The primary determinant
of precipitation in Africa is the air movement surrounding the Inter-Tropical Convergence
Zone (ITCZ) and associated equatorial trough (Griffiths, 2005). In simple terms, winds are
pushed out from two sub-tropical high pressure belts toward the equator, where they meet
and force air and moisture upward. This upward movement cools the air, forcing the
moisture out as precipitation. The mean temperature in the hottest and coldest months of
the year varies little for most of West Africa (Le Houérou, 2009).

Figure 1: Map of the West Africa

Most of the flora and fauna found in West Africa today descended from plant and animal
species that were present on the continent when it separated from other land masses during
the breakup of Gondwanaland, roughly 150 million years ago (Le Houérou, 2009). Africa’s
pattern of vegetation zones largely mirrors its climate zones. Areas with the greatest rainfall
have the greatest volume of biomass or primary productivity (Stock, 2004). Commonly
found trees in the area include Hyphaene thebaica, Parkia biglobosa, Adansonia digitata,
Faidherbia albida, Tamarindus indica, Borassus aethiopum, Prosopis africana, Balanite aegyptiaca
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and Acacia nilotica. Exotic species include Acacia senegalensis, Azadirachta indica, Cassia
siammea, Dolonix regia, and Eucalyptus camaldulensis.
Land degradation is the dominant problem of West Africa today. Land degradation and
desertification in particular result from both human activities and climatic variability. It has
been reported that more than one-quarter of Africa’s arid and semi-arid lands are degraded
(White et al., 2000) due to soil erosion, loss of soil nutrients, pollution, or salinization
(Darkoh, 1996).
MATERIALS AND METHODS
This study used NDVI as an indicator of vegetation greenness. This index reflects vegetation
growth because it is closely related to the amount of photosynthetically absorbed active
radiation (Anyamba and Tucker, 2005; Kogan, 2005). It is also sensitive indicator of the
interannual variability of rainfall (Pinzon and Tucker, 2014). The Global Inventory
Modelling and Mapping Studies (GIMMS) 3rd generation (NDVI3g) dataset for the African
continent was used. The data is an improved version of the previous GIMMS NDVI and is
processed using an adaptive Empirical Mode Decomposition (EMD) (Pinzon et al., 2005).
The EMD is used to find and remove artefacts from the NDVI time-series including solar
zenith angle, trends associated with orbital drift, discrepancies in the AVHRR data among
sensors due to their differences, and other factors that introduce non-linear and nonstationary effects to the dataset.
In contrast to the previous version, the new dataset covers the period of July 1981 to
December 2012 with a bi-weekly temporal and 8km spatial resolution (Pinzon and Tucker,
2014). The effect of sensor change that affected the quality of the AVHRR sensor is
significantly reduced in the new GIMMS NDVI3g. This study was limited to January 2000
to December 2010 due to data availability. The data was sourced from NOAA-AVHRR
instruments onboard sensor 7, 9, 11, 14, 16, 17, 18 and 19.
The NDVI3g dataset comes with the different quality flags and only flag 1 which is a good
value was used for this study in order to restrict the analysis to the most reliable NDVI
values (Xu et al., 2013). The bi-monthly data was converted to monthly aggregates using the
Maximum Value Composite (MVC) method (Holben, 1986) in order to further minimise the
effects of cloud contamination. The data was later projected to the WGS 1984 coordinate
system, cropped and extracted using R software. Spatial and temporal analyses were made
to examine the monthly and annual changes of vegetation activity in the study area. Spatial
mapping and temporal trend analysis were carried out using R software with aid of
different library packages including raster, rasterVis, time series, and ncdf. The analysis with
R was found to be the most suitable when compared to other remote sensing software due to
network common data format.
RESULT AND DISCUSSION
Spatial Variation of Monthly NDVI in West Africa
As a surrogate of temporal primary productivity and representation of average level of
vegetation growth within a year, (Jackson, Banner, Jobbagy, Pockman and Wall, 2002),
spatial NDVI was used to assess the pattern of monthly vegetation variations in the area.
Figures 2, 3 and 4 respectively, shows the spatial pattern of monthly NDVI in West Africa
for the year 2000, 2005 and 2010. As evident in all the figures, NDVI pattern follows
fluctuation of rainfall in most parts of Northern West Africa and the Sahelian region of the
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632

Assessment of Monthly Variation of Vegetation Activities in West Africa

area. In months with little or no rainfall, NDVI is near zero especially in Northern countries
such as Burkina Faso, Senegal, Mali and Niger Republic which are located above latitude
150N. Spatial pattern of NDVI was low during the months of January through to April in
West Africa. However, with arrival of rainfall in the month of May in most parts of West
Africa, NDVI activity tends to pick up and increase rapidly up to the month of November.
This study found that the highest value of monthly NDVI is in the months of September and
October in all the years. Philippon et al., (2005) showed that water is the main limiting factor
for vegetation growth throughout the Sub Saharan Zone, which means that photosynthesis
mainly takes place during the wet season. This finding also corroborates Traore, Ladmann,
Forkuo and Traore (2014) who noted that the spatial distribution of vegetation in Bani River
Basin in Mali is largely related to cumulative (annual) rainfall and the length of the rainy
season, which varies along the eco-climatic gradient. Vegetation patterns on a landscape
scale are determined by localized climatic variations in Mali and Niger (Dardel et al., 2013).

Figure 2: Monthly Variation of NDVI in West Africa in 2000

Spatially, year 2000 has witnessed an intermittent vegetation activity as with most times in
West Africa. Generally, areas on latitude 120N and 150N covering northern Nigeria,
Republics of Niger, Mali and Burkina faso (southern part is our interest) recorded relatively
low NDVI value of 0.2 to 0.3 in the year 2000 in January to April (Figure 2). NDVI value of
0.5 to 0.6 recorded in June to November areas between latitude 120N and 150N almost
constantly show low value indicated that vegetation activities surged up with the onset and
stability of raining season in the area. This justifies the mainstream predictions relating
phenological activities of vegetation in West Africa with rainfall. Semi arid northern Nigeria,
the whole of Niger, pocket of southern Mali, and Burkina faso have NDVI value below 0.5 in
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May and this presented relatively weak vegetation activity which could emanate from delay
in the onset of rainfall in the area.

Figure 3: Monthly Variation of NDVI in West Africa in 2005

In 2005, vegetation pattern was generally especially over Sudan Savanna region of West
Africa between 70N to 110N covering an area from southern Mali to Northern Nigeria.
However, there were intermittent result as follows: areas on northcentral Nigeria to and
parts of Republics of Niger and Burkina faso between latitude 80N and 140N obtained NDVI
value of 0.2 – 0.3 in January to April in 2005. Vegetation activities picked up in most of
northern Nigeria, southern Niger and Mali (latitude 110N and 140N) in May 2005. This
continues in June and subsides by November with NDVI values of 0.5 and 0.6 in most places
at the southern tips of the region.
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Figure 4: Monthly Variation of NDVI in West Africa in 2010

Spatial patterns of NDVI for the year 2010 which is also closely related to the pattern of
rainfall distribution in West Africa (Figure 4). As can be seen, most sub-Saharan West
African countries show a decrease in the NDVI values particularly, between 80N to 150N.
The spatial trends shows constant greening between 40N to 70N includes countries of Benin,
Cote d’ivoire, Ghana and Ivory Coast while areas around northern Nigeria, Niger and Mali
on latitude 120N to 150N showed NDVI value 0.2 to 0.3 over most periods except July to
October.
Temporal Variation of NDVI in West Africa
NDVI has been successfully applied to research on temporal trends and variation in
vegetation distribution, productivity and dynamics, to monitor habitat degradation and
fragmentation, and the ecological effects of climatic disasters such as drought or fire.
This study used monthly measures based from the NDVI time-series to assess vegetation
dynamics at regional scale between 2000 and 2010 (Figure 5, 6 and 7) which represent
temporal variation of monthly NDVI for the year 2000, 2005 and 2010 respectively. The
temporal pattern of vegetation in West Africa follows the oscillating nature of rainfall onset
and cessation in the area. Hence months with high amount of rainfall tends to have high
value of NDVI and vice versa.
Temporal Variation of NDVI in 2000
Figure 5 showed that the NDVI is within 0.1-0.6 for most of the months in the year 2000.
However, the pattern occasionally changes especially in the month of October, November
and December. This is probably can be linked to the high amount of rainfall received in the
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previous months of June, July and August, which allow vegetation activity to pick up within
the proceeding months.

Figure 5: Temporal Variation of monthly NDVI in West Africa in the year 2000

Temporal Variation of NDVI in 2005
Figure 6 showed temporal variation of monthly NDVI value for the year 2005. As in the
Figure, low NDVI between 0.0-0.6 was recorded between the months of January to May.
However, the trends in August to 0.7 thereby reflecting a positive increase in the density of
green cover from the month due to high amount of rainfall that can support primary
productivity in the area.
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Figure 6: Temporal Variation of monthly NDVI in West Africa in the year 2005

Temporal Variation of NDVI in 2010
Figure 7 showed temporal variations of monthly NDVI values for the year 2010. It showed
the highest value of NDVI was recorded in the months of August and September while the
lowest was in October. This is because of onset of rainfall which increased seasonal trend of
vegetation and potential contribution of herbaceous growth due to the increase in water.
Empirical evidences on vegetation dynamics in Africa have shown nuanced picture with
both declines and increases since 1930s. Despite its unique location at biological crossroads
in the continent, the West Africa will lose its great diversity, much of which are as a result of
the region’s fragility. Findings of this study showed that vegetation cover change has been,
and still is a problem that needs to be critically evaluated especially in northern parts which
is climatically at the margin.
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Figure 7: Temporal Variation of monthly NDVI in West Africa in the year 2010

Conclusion
Vegetation changes play a critical role to ecosystem stability in the West Africa hence this
study showed that with availability of vegetation proxies such as NDVI; a new opportunity
for researchers to understand the dynamics of vegetation activity is possible. Therefore,
spatial and temporal trend analyses carried out in this paper has shown the potentials of
NDVI data in understanding changes of vegetation in West Africa as well as its anomalies.
The conclusion is that NDVI (vegetation activity) follows pattern of rainfall because months
with high rainfall recorded high values while the rest.

Recommendations
1. Long-term monitoring of the study area is recommended using both remote sensing and
field observations to enhance the understanding of broad-scale changes in vegetation and
the possible relationship between such changes and ecosystem resilience.
2. There is need for a major capacity strengthening initiative to enhance peoples’ awareness
to utilise new science approaches and tools of monitoring vegetation variability for
evidence-based decision making, policy and practice in the area. This can be achieved
through a regional body that will provide manpower and training to students and
researchers in West Africa to harness remote sensing opportunities for environmental
management.
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