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Abstract

Background, Aim and Scope. During the last decades ecological
conditions in West Africa have dramatically changed. Very evident is the climate change, which has resulted in a southward
shift of the climate zones, e.g. a spread of the desert (Sahara) into
the Sahelian zone. After the drought period of the early 1970s
and 1980s, livestock density increased resulting in an intensification of grazing pressure. This anthropogenous phenomenon leads
to similar landscape changes as those caused by the climate.
Only very few investigations exist on vegetation dynamics, climate changes and land use changes for the Sudanian zone. The
paper presents data on changes of precipitation, of land use, of
the geographical range of species, and of the composition of the
flora, which have to be regarded as proofs of the sahelisation of
large areas of the Sudanian zone.
Materials and Methods:
• Area of investigation: Burkina Faso.
• Precipitation data analysis: precipitation data from 67 stations; time series analysis and geo-statistical spatial interpolation.
• Analysis of land use change: Landsat satellite MSS and ETM+
data, acquired for two different dates between 1972 and 2001
analyzed by the software ERDAS/IMAGINE version 8.6 and
ArcView 3.2 with the Spatial Analyst extension. Intensive
ground truthing (160 training areas).
• Inventory of the flora: based on the data of the Herbarium
Senckenbergianum (FR) in Frankfurt, Germany, and of the
herbarium of the university of Ouagadougou (OUA), Burkina
Faso, as well as on various investigations on the vegetation of
Burkina Faso carried out in the years 1990 to 2005 by the
team of the senior author.
• Life form analysis of the flora: based on the inventory of permanent plots.
Results and Discussion:
• Precipitation: Remarkable latitudinal shift of isohyets towards
the South translates to a general reduction of average rainfall
in great parts of the country. The last decade (1990–1999)
shows some improvement, however, the more humid conditions of the 1950's and 1960's are not yet established again.
• Landcover change: In the study region the extent of arable
fields and young fallows increased during the last 30 years
from 580 km² in 1972 to 2870 km² in 2001. This means an

182

average land cover conversion rate of 0.9% per year for the 6
departments considered.
• Change of the distribution of Sahelian and Sudanian species:
Several species, mentioned in older literature as strictly
Sahelian, today also occur in the Sudanian zone. Parallel to
the spread of former strictly Sahelian species into the Sudanian
zone, some former Sahelo-Sudanian species have withdrawn
from the Sahel.
• Changes of the life form spectra of the flora: Considering their
life form spectra, the flora of heavily grazed and of protected
areas in the Sudanian zone show great differences. On areas
intensively grazed the percentage of therophytes is evidently
higher than on protected areas. Just the opposite is true for
the phanerophytes. Their percentage is higher on the protected
area than on the grazed zones.
At the first glance, it is obvious to link the changes in flora and
vegetation with the climate changes that have occurred during
the last five decades (decrease of annual precipitation). However, not only climatic conditions have changed, but also population has increased, the percentage of land intensively used for
agriculture and pasturing has increased and the time for soil
regeneration today is much shorter than it was some decades
ago. Thus, the landscape of the Sudanian zone has become a
more Sahelian character. A comparison of the flora of an intensively used area of the Sudanian zone with that of a protected
area shows a remarkable change in the life form spectra. The
spectrum of the intensively used area is almost identical with
that of the typical Sahelian flora. This comparison shows that
the anthropogenic influence plays a greater role in the
sahelisation of the Sudanian zone than the climate change.
Conclusion. Climate change and anthropogenic influence both,
lead to a sahelisation of landscape and flora. Thus in many parts
of the Sudanian zone of West Africa sahelisation phenomena
will remain and even increase independently from the reestablishment of the more humid climate conditions of the 1950ies.
Recommendations and Perspectives. In order to maintain some
parts of the characteristic Sudanian landscape with its characteristic flora and vegetation, the number and size of protected
areas should be augmented. For all protected areas it has to be
ensured, that protection is reality, i.e. respected an understood
by local people, not only fiction.
As long as the enlargement of intensively used areas continues the
sahelisation of flora, vegetation and landscape will continue too.
Keywords: Acacia; Burkina Faso; land use; life form spectra;
precipitation; sahelisation; Sudanian zone
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Introduction

During the last decades ecological conditions in West Africa
have dramatically changed. Very evident is the climate
change, which has resulted in a southward shift of the climate zones, e.g. a spread of the desert (Sahara) into the
Sahelian zone. Especially in climate sensitive regions, where
rainfed and irrigated agriculture is the main source of food
security and income, concerns about the variability in rainfall, its temporal and spatial distribution, must be taken very
seriously. This seems to be particularly true of West Africa
where significant alterations in precipitation during the great
Sahelian drought of the early 1970s and 1980s affected great
parts of West Africa in terms of ecological, economic, and
societal aspects. After this drought period livestock density
increased resulting in an intensification of grazing pressure.
This anthropogenous phenomenon leads to similar landscape
changes as those caused by the climate. In literature generally
for these changes the term 'desertification' is used (e.g.
Aubreville 1949, Delwaulle 1973, Glantz & Orlovsky 1983,
El-Baz & Hassan 1986). 'Sahelisation', the analogous term
for the Sudanian zone, up to now only rarely occurs in literature (e.g. Togola et al. 1975, Gavaud 1989/1990). On the one
hand, this is obviously due to the fact that 'desertification' is a
general term, not only meaning the originating of true deserts,
but including any type of "land degradation in arid, semi arid
and dry subhumid areas" (UNCCD, Article 1). On the other
hand, it might be related to the fact that from the Sudanian
zone much less concrete proofs of changes have been published than from the Sahelian zone. Only very few investigations exist on vegetation dynamics, climate changes and land
use changes for the Sudanian zone (e.g. Hahn-Hadjali 1998,
Kéré 1998, Devineau 2000, Fournier et al. 2000, HahnHadjali et al. in press). In the following for Burkina Faso we
present data on changes of precipitation, of land use, of the
geographical range of species, and of the composition of the
flora which have to be regarded as proofs of the sahelisation
of large areas of the Sudanian zone.
1
1.1

Material and Methods
Area of investigation

Burkina Faso, a landlocked country in West Africa, situated
between 9° to 15° N and 6° W to 3° E covers an area of

Sahelisation
274,000 km2 and has more than 13 million inhabitants. Most
of the country belongs to the Sudanian zone, but in the North
also the Sahelian zone is represented. The climatic part and
some of the botanical results presented in our paper cover
the entire country, while the other part of the paper focusses
on the province of Gourma and particularly on selected regions situated south of Fada N'Gourma in the northern
Sudanian zone (Fig. 1), where permanent plots (observation
sites) have been established (see below). The vegetation of
this area forms a mosaic of various types of woodland, of
grass, shrub and tree savannas, of fallows, and of gallery
forests. At present, the region receives an annual precipitation of 825 mm which is restricted to the rainy season lasting from April to October.
The observation sites marked in Fig. 1 comprise 1 km2 each.
One observation site (Natiabouani) is situated in a protected
area only sporadically grazed by wild animals, the other one
(Kikideni) is located in an area heavily grazed by cattle.
Within these observation sites five permanent plots of size
1 ha each were located to include the different habitat types.
1.2

Precipitation data analysis

To determine the rainfall variability in Burkina Faso, precipitation data from 67 stations (synoptic, climatic, and agrometeorological stations) were analysed (sources: Météorologie Nationale, Burkina Faso; FAO, Agrometeorology
Group 2000). A homogeneous series of gauge data, i.e.
monthly rainfall totals, was used as a base for geo-statistical
spatial interpolation. We applied the kriging technique as a
widely accepted method for interpolating and estimating
unknown values of a variable at unsampled points by using
measured values from other points (see e.g. Isaaks & Srivastava 1989, Armstrong 1998, Webster & Oliver 2001).
From a statistical point of view, kriging is a Gaussian process regression used in geostatistics to approximate or interpolate data. Gridding procedures and contour maps are generated by SURFER 7.0 software package (http://www.golden
software.com/products/surfer/surfer.shtml).
We used the Surfer's default linear variogram with a kriging
algorithm incorporating the following essential details: 1.)
When computing the interpolation weights, the algorithm
considers the spacing between the point to be interpolated

Fig. 1: Areas of investigation: Entire Burkina Faso (decadal means of precipitation, and plant distribution maps); Province of Gourma (land use); observation sites at Kikideni and Natiabouani (analyses of life form spectra)
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and the data locations. The algorithm considers the interdata spacings as well. This allows for declustering. 2.) When
computing the interpolation weights, the algorithm considers the inherent length scale of the data. For example, the
topography in Burkina Faso, or in West Africa in general,
varies much more slowly in space than does the topography
for example in the East African Rift Zone. Considering two
observed elevations separated by e.g. ten kilometres, in
Burkina Faso it would be reasonable to assume a linear variation between these two observations, while in the East African Rift Valley such an assumed linear variation would be
unrealistic. The algorithm adjusts the interpolation weights
accordingly. Surfer's implementation of the Nugget Effect
follows the recommendation of Cressie (1991, Section 3.2.1).
The Nugget Effect is partitioned into two sub-components:
the error variance and the micro variance. Both of these subcomponents are non-negative, and the sum of these two subcomponents should equal the apparent non-zero intercept.
1.3

Analysis of land use change

Landsat satellite MSS and ETM+ data, acquired for two
different dates between 1972 and 2001, were used to estimate the increase of the proportion of agricultural fields in
the study area. All images were obtained at the end of the
rainy season to minimize effects of exogenous factors like
phenological states and different sun angles. In this period
fields have been already harvested and can be clearly distinguished from surrounding savannas.
Pre-processing of satellite images involves radiometric normalization and geo-referencing. Radiometric normalization
was conducted by using the COST atmospheric correction
(Chavez 1996) and calibration coefficients of Markham &
Barker (1986). Geometric accuracy of the recent ETM+ images was improved to 35 m with 25 ground control points
sampled on street crossings and dams of water reservoirs.
Historical images were co-registered to the recent scene with
a relative accuracy of 30 m. Both images were resampled to
a 60 m resolution. All analyses were accomplished with the
software ERDAS/IMAGINE version 8.6 and ArcView 3.2
with the Spatial Analyst extension.
During two field campaigns in October 2000/01 intensive
ground truthing was conducted in the study region. In total,
160 training areas were selected by a stratified random sampling procedure, where structural vegetation parameters were
measured according to a standardized methodology. By this
procedure 44 agricultural fields and young fallows (1–2 years
old) were identified in the field. The whole data set was
separated randomly to two parts. The first data set (80 training sites) was used for supervised classification of recent land
use, the second (80 test sites) for independent testing of classification accuracy, which is defined as the proportion of
correctly classified pixels. Landsat bands 3,4,5, the first two
components of a tasseled cap transformation, the mean soil
adjusted vegetation index (MSAVI), and a digital elevation
model were used for a land cover classification of the study
area. Spectral signatures of land use classes were extracted.
These signatures were implemented in an unsupervised clas-
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sification of the historical satellite scene. Classes, which indicate fields and young fallows were identified through interpretation of aerial photos from 1978 with a spatial resolution of several meters. Analyses of land use changes were
conducted under reference of recent administrative boundaries (departments) available in a GIS environment to make
results interpretable for local stakeholders and to allow comparison with future analyses.
1.4

Inventory of the flora

The floristic maps for Burkina Faso given in this paper are
based on the data of the Herbarium Senckenbergianum (FR)
in Frankfurt, Germany, and of the herbarium of the University of Ouagadougou (OUA), Burkina Faso, as well as on
various investigations on the vegetation of Burkina Faso
carried out in the years 1990 to 2005 by the team of the
senior author (see e.g. Wittig et al. 2000, 2002). The maps
were established by the logiciel SIG <<ArcGIS 8.3>> (reference <<WGS 84>>).
The life form analysis of the flora is based on the inventory
of the permanent plots described in section 2.1. In all of the
one hectar plots of the observation sites (see Section 1.1) 5 or
10 smaller plots of 10 m x 10 m were implemented randomwise. For each of the 10 m x 10 m all species of herbaceous
vascular plants and for each of the 20 m x 50 m plots all woody
species were recorded. The results were combined for the
calculation of the spectra of life forms (Raunkiaer 1934).
This inventory was done in September 2001.
2
2.1

Results
Precipitation

As reviewed from literature a general trend analysis of historical time series has revealed statistically significant decreases of mean annual precipitation up to 25% and a delayed onset of the rainy season up to 30 days in the last 25
years for specific regions in Ghana and Burkina Faso
(Neumann et al. 2006). Our analysis of average precipitation in Burkina Faso regarding the five decades from 1951–
1999 (Fig. 2, see overleaf) revealed the appearance of the
400 mm isohyet in the northern part of the country in the
70's, whereas the 1,200 mm isohyet in the south-western
part disappeared. The latitudinal shift of isohyets towards
the South translates to a general reduction of average rainfall in great parts of the country. The last decade (1990–
1999) shows some improvement, however, the more humid
conditions of the 1950's and 1960's are not yet established
again. The northern-most zone of Burkina still remained drier
as well the south-western part where annual totals higher
than 1,000 mm are still absent. These findings contribute to
the question of the 'recovery' of rainfall in the Sahel, as elaborated by Nicholson (2005) as well as to findings from other
scientists like Dai et al. (2004) who state a recent sahel
drought. Additionally, they also clearly underline the necessity of detailed spatial analysis of climatological data to cope
with the problem of the high spatial heterogeneity of precipitation fields in West Africa.
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Fig. 2: Spatial map of mean annual precipitation (decadal means) in Burkina Faso for the period from 1950 to 1999 (data from: Météorologie Nationale,
Burkina Faso, FAO – Agrometeorology Group, Rome 2000)

2.2

Landcover change

Results of land use classification are shown in Fig. 3. Agricultural fields were classified with an overall classification
accuracy of 91%. For the year 2001, in the department of
Fada N'Gourma 150,000 ha are classified as arable land.
This is about 45% of it's whole surface. As shown by Fig. 4
there has been a strong increase in arable fields in all departments of the province of Gourma. Today the proportion of agricultural areas ranges from 20% in Soudougui to
over 60% in Diapangou.
In the study region the extent of arable fields and young
fallows increased during the last 30 years from 580 km² in
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1972 to 2,870 km² in 2001. This means an average land
cover conversion rate of 0.9% per year for the six departments considered. Especially regions near the protected areas show very high land cover conversion rates. Additionally, regions of traditional intensive agriculture in the North
and East of the study region were extended.
2.3

Change of the distribution of Sahelian and
Sudanian species

Several species, mentioned in older literature as strictly
Sahelian, today also occur in the Sudanian zone. Striking
examples are Acacia ehrenbergiana, whose southern border
after Nongonierma (1977) some decades ago was situated
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Fig. 3: Extension of crop fields (grey areas) in the province of Gourma
(North Sudanian Zone) in 1973 (above) and 2001 (below) identified from
satellite images

Fig. 5: Former areas of Acacia ehrenbergiana, A. latea and A. dudgeoni
(hatched; after Nongonierma 1977), and actual findings of these species
in Burkina Faso (after Wittig et al. 2004)

north of Burkina Faso (Fig. 5) and Acacia laeta, which was
strongly restricted to the Sahel (see Fig. 5). Today both species grow more than 200 km south of the border described
by Nongonierma (1977). Parallel to the spread of former
strictly Sahelian species into the Sudanian zone, some former
Sahelo-Sudanian species like Acacia dudgeoni (see Fig. 5)
have withdrawn from the Sahel.
2.4

Fig. 4: Amount of crop fields in the departments of the province of Gourma
in 1972 and 1999 (above: absolute area size; below: percentage of the
surface of the department)
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Comparison of the flora of grazed and protected areas in
the Sudanian zone

Considering their life form spectra, the flora of heavily
grazed and of protected areas in the Sudanian zone show
great differences (Fig. 6, see overleaf). On areas intensively
grazed the percentage of therophytes is evidently higher than
on protected areas. Just the opposite is true for the phanerophytes. Their percentage is higher on the protected area
than on the grazed zones.

Env Sci Pollut Res 14 (3) 2007
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Fig. 6: Life form spectra of intensively grazed and of protected permanent plots in the Sudanian zone of Burkina Faso

3

Discussion

The annual precipitation is the most important factor for
the distinction between the different climate zones of West
Africa. A significant reduction of precipitation, as experienced during the great Sahelian drought of the early 1970s
and 1980s, has been proved by various authors (e.g. Folland
et al. 1986, Le Houérou 1996, Nicholson 2000). However,
detailed time series analysis on the level of a single country
are still rare. Our results, which fill in this gap, clearly show
the shifting of Sahelian conditions (600 mm isohyet) up to
some 150 km into the Sudanian zone during the 1980s. Not
only the North Sudanian zone was effected by this climatic
sahelization, but Subsahelian conditions, the southern border of which is represented by the 700 mm isohyet, even
reached the northern part of the South Sudanian zone. Although the 1990s show a slight shifting of the isohyets back
to the North there is still a difference of about 100 km between the location of the 600 mm isohyet in the 1950s and
1990s. It is fairly clear that these dynamic spatio-temporal
patterns of precipitation have strong implications on crop
production and food security in Burkina Faso. The described
development of high variability of rainfall can be regarded
as a significant feature for great parts of West Africa that
must be seriously taken into account. Analysing the complex reasons for the described variability in rainfall, its temporal and spatial distribution, is still one of the major challenges for environmental scientific research. The spectra of
hitherto existing hypotheses includes those focussing on global oceanic-atmospheric circulation patterns (Folland et al.
1986, Nicholson & Kim 1997, Nicholson 2000, Rowell et
al. 1992, 1995), the influence of land cover changes (Bigot
et al. in press, Brou et al. 1998, Xue 1997), and effects due
to changes in atmospheric composition, i.e. aerosol concentrations (Tegen et al. 1996) as well as greenhouse gas and
sulphate aerosol emissions (Hulme & Kelly 1993). However, these issues still remain unresolved. Although inter-seasonal and inter-annual variability in precipitation in part
has been successfully forecasted for West Africa (Stockdale
et al. 1998) there is still a lack of knowledge in predicting
climate changes on decadal or notably multi-decadal timescales (Hulme 1998). In addition, results from General Cir-
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culation Models (GCM), as often applied in frame of the
above mentioned publications, are essential to understand
large-scale coherences, but do not necessarily match the requirements of regionally to locally orientated biodiversity
research. Therefore we investigated the cross-scale linkage
between detailed biophysical and hydro-meteorological processes calibrated at the experimental sites to responses at
the larger grid resolution. The results of our investigations
support the idea that regional variability in precipitation with
regard to its temporal and spatial distribution is considerably linked to significant changes in vegetation cover.
As mentioned in the introduction, many authors do not differentiate between desertification and sahelization. In the
literature it is generally accepted that desertification often is
anthropogenously driven by the intensification of land use.
In a recent meta-analysis Geist & Lambin (2004) review the
proximate causes of desertification and land degradation
mentioned in 132 case studies. In Africa 48% of the considered studies suggest intensification of agriculture and extension of cropland production as one the main causes of desertification. Furthermore, through the expansion of croplands into
former rangelands, stocking rates of cattle increase dramatically in the remaining areas. The local concentration of cattle
results in overgrazing leading to the degradation of vegetation in terms of biomass and species composition (Dube &
Pickup 2001). That is why we can consider the intensification of land use also as the driving force in the process of
sahelisation. The Sahelian zone traditionally is to a much higher
degree an open landscape than the Sudanian zone. Thus, the
land use changes reported in Fig. 3 and 4 physiognomically
aggrevate, without any doubt, the aspect of large parts of
the Sudanian landscape into a Sahelian one (Fig. 7and 8).
It is well-known that climate change as well as land use
change can lead to an extension or to a diminution of the
area of species. As shown above, such changes have occurred
in the Sudanian zone, both leading to a more Sahelian character. Therefore it is no wonder that some Sahelian species
have enlarged their area towards the Sudanian zone and that
some species preferring areas of higher precipitation have
left the Sahel. In Burkina Faso the latter phenomenon was
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Fig. 7: Traditional Sahelian landscape (above) and traditional Sudanian landscape (below) (from Wittig et al. 2002)

Fig. 8: The intensification of land use causes a Sahelian character of the
Sudanian landscape (environs of Tenkodogo, Sudanian zone, Burkina
Faso; foto Wittig 1986)

ber of species. Considering the dominant life form types,
the flora of the heavily grazed permanent plots in the
Sudanian zone has a strong Sahelian character, while the
flora of the protected plots still shows the characteristic
Sudanian life form spectrum. It has to be mentioned that, in
our study, the higher percentage of therophytes in the grazed
permanent plots is only true for the species number, not for
the cover (see Hahn-Hadjali et al. in press). However, other
authors report also a direct replacement of perennial by annual plants, e.g. of Andropogon gayanus by Elionurus elegans
in the Niono region of Mali (Breman & Cissé 1977). The
comparison of a protected and an intensively used area located closely together (i.e. no climatic differences exist) shows
that the anthropogenic influence plays a greater role in the
sahelisation of the Sudanian zone than the climate change.
4

studied in detail by Ganaba & Guinko (1995) by the example of Pterocarpus lucens. Togola et al. (1975) regard the
mortality of Bombax costatum in Mali as an indicator of
sahelisation of the Sudanian zone. Guinko & Bélem Ouedraogo (1998) name Cassia tora, Ctenidium elegans, Echinochloa colona, Sida cordifolia, Schoenefeldia gracilis and
Ziziphus mauritiana as examples for Sahelian species which
meanwhile frequently occur in the Sudanian zone. All these
species are not equally distributed in the Sudanian zone but
only grow on sites heavily influenced by man, i.e. road sides
and eroded land.
As shown by Schmidt et al. (2005), who presented a grid
map (grid size 1.0) of the life form spectra of the flora of
Burkina Faso, therophytes represent the dominating life form
type of the Sahel of Burkina Faso. In this area their number
amounts to more than 50% of the species, while the percentage of the phaneropyhtes is only about 25%. In the
Sudanian zone, however, therophytes and phanerophytes
(including lianas) both represent one third of the total num-
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Conclusions

Considering climate, landscape and flora, some parts of the
Sudanian zone today show a Sahelian character. While the
reasons for the climate change are not clear, it is very obvious that the changes in landscape character and in the floristic composition are mainly anthropogenically driven, although one cannot exclude that the climate changes also
have some responsibility. However, we can be sure that, as
long as there is no turn towards a more sustainable agriculture, changes of landscape and flora will continue even if
the climatic conditions of the middle of the last century
would return.
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