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Since the drought of the early 1970s and a prolonged pe-
riod of below-average rainfall in the Sahel (Hulme, 2001),
is has often been discussed whether or not the region is
undergoing 'desertification'/'land degradation' (e.g.
Thomas (1993), Matheson & Ringrose (1994)).  Ferlo in
northern Senegal is part of the Sahelian region. In Ferlo
land degradation is claimed to start around watering
points, due to high grazing pressure (Prins, 1997).

This paper hypothesizes that high grazing pressure
around watering points causes land degradation. To test
this hypothesis, coarse resolution NOAA AVHRR satel-
lite images are examined for systematic variation in the
integrated vegetation index, iNDVI around 44 boreholes
in the Ferlo over 3 years. Using coarse resolution satellite
images facilitates estimation of iNDVI over large areas,
including many boreholes and over several growing sea-
sons. By analysing many gradients, gradients can be sta-
tistically linked to possible causal factors. Also, errors as-
sociated with extrapolating findings spatially and tempo-
rally from one borehole in one year are avoided. Sampling
a large number of boreholes additionally led to a rough
classification system for identifying boreholes, correlated

by the type of gradient found, suitable for more detailed
studies of possible causal mechanisms.

Lange's (1969) study of grazing gradients (or pios-
phere patterns) is recognized as the first of its kind, al-
though it was suggested already in 1932 that watering
points used by grazing animals could be used to determine
vegetation growth (Osborn et al. (1932) in Lange (1969)).
However, the use of grazing gradients to assess how graz-
ing influences vegetation did not become common before
the late 1970s (e.g. Graetz & Ludwig, 1978; Fatchen &
Lange, 1979). Since then, the grazing gradient method has
been developed and applied mainly in Australia (e.g. An-
drew & Lange, 1986b; Pearson et al., 1990). From the late
1980s, the method has often been combined with remotely
sensed data in erosion forecasting and assessment of land
degradation at large scale (e.g. Andrew, 1988; Hanan et
al., 1991; Chewings et al., 1992; Bastin et al., 1993a;
Bastin et al., 1993b ). Satellite imagery has increasingly
been used in combination with models of animal move-
ment to survey grazing impacts (e.g. Pickup & Chewings,
1988; Pickup, 1994), and the grazing gradient method has
remained a popular tool for rangeland assessment (e.g.
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Bastin et al., 1998). Most of these studies using satellite re-
mote sensing have been carried out in Australian range-
lands. Hanan et al. (1991), however, studied the range-
lands of northern Senegal, the subject of the present paper. 

The use of grazing gradients and satellite imagery for
degradation assessment has been refined by Pickup &
Chewings (1994). They classify grazing gradients as 'nor-
mal', 'inverse' and 'composite'. Normal gradients show an
increase in vegetation cover with increasing distance
from water. Inverse gradients involve decreasing vegeta-
tion cover with increasing distance from water. Finally, a
composite gradient combines the two. Pickup & Chew-
ings (1994) further distinguish temporary from perma-
nent gradients, where permanent refers to gradients that
persist after a good rain. Permanent gradients are consid-
ered indicators of degradation.

A grazing gradient (or a piosphere pattern) can be de-
fined as:

'...patterns reflecting the concentricity of stocking pres-
sure around water.' (Andrew & Lange, 1986a, p.395),

while for the purpose of studying land degradation Pickup
and Chewings (1994) defined a grazing gradient as:

'... spatial patterns in soil or vegetation characteristics re-
sulting from grazing activities and which are symptomatic
of land degradation.' (Pickup & Chewings, 1994, p.598).

This, however, requires a definition of land degradation.
We will apply the definition put forth by Williams &
Balling (1996):

'Reduction of biological productivity of dryland ecosys-
tems, including rangeland pastures and rainfed and irri-
gated croplands, as a result of an acceleration of certain
natural processes' (Williams & Balling, 1996, p.17).

This definition may be criticized for not capturing other
processes often considered to characterise land degrada-
tion in the Sahel environment, such as changes in species
composition, e.g. reduction of woody cover or invasion of
undesirable species, and loss of biodiversity. Williams &
Balling's definition has, however, the advantage of being
universal and applicable at large scale.

If this definition is accepted, the measurement of land
degradation will be based on indicators of biological pro-
ductivity. Satellite remote sensing, and particularly vege-
tation estimates from NOAA AVHRR data, can be used to

estimate 'net primary productivity' (NPP) through the
time-integral (iNDVI) of the 'normalized difference vege-
tation index' (NDVI). The relationship has been further
developed, calibrated and validated for this particular re-
gion by Rasmussen (1998). Other methods for assessing
NPP using NOAAAVHRR data have been developed, see
Prince & Goward (1995). However, here the spatial vari-
ation of vegetative productivity within a relatively small
and homogeneous region is the main focus, and thus
iNDVI will suffice as an indicator of cumulative vegeta-
tive growth. Using standard GIS routines, both directional
and average gradients of iNDVI around each watering
point can be determined.

The study area: Climate, soils, vegetation, and pro-
duction systems

The present study deals with the rangelands of the Ferlo,
northern Senegal, see Figure 1.

The climate of the Ferlo is characterized by a mono-
modal rainfall pattern with a short, relatively well-defined
rainy season and a long dry season. The largest precipita-
tion occurs in July, August and September. Hot, dry peri-
ods occur both before and after the rainy season in April-
June and October-November. December-March is the
cool, dry period. The north-south rainfall gradient is ap-
proximately 1.1 mm km-1, and mean annual rainfall for
the period 1986-1996 was approximately 200 mm in the
north and 400 mm in the south of the study area. In Figure
2, the rainfall for a number of stations in the Ferlo is given
for 1990, 1991 and 1992.

The Ferlo can be divided into two main zones, defined
by the dominating soils: To the west, sandy soils prevail
and the topography is dominated by ancient longitudinal
dunes, created in drier periods associated with the ice
ages. To the east, soils are finer, harder and reddish, con-
taining iron compounds. The transition between the two
zones is gradual. The Ferlo is dissected by a dry, fossil val-
ley system, most pronounced in the east. The distribution
of vegetation is controlled by these soil and geomorpho-
logical characteristics: To the north-west, the vegetation
can be described as bushed grassland, with a woody cover
seldom exceeding 5 % and more typically around 2 %. To
the south the woody cover increases to 5 - 20 %. To the
east the vegetation is dominated by bushes and low trees,
and woody cover is in the order of 10 - 30 %. Woody cover
is greatest in the fossil valleys where water is more read-
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ily available. The herbaceous layer is dominated by annu-
als, particularly in the north, and includes species such as
Schoenfeldia gracilis, Cenchrus biflorus and Zornia
glochidiata. The relative abundance of these species
changes each year and from place to place, varying with
rainfall - especially in the beginning of the rainy season -
and with grazing pressure (Hiernaux, 2000).

Before boreholes were dug in the Ferlo, the area was
used as rainy season pasture only, since surface water was
not available in the dry season. In the 1950s, the French
colonial administration began installing boreholes
equipped with motor pumps in Ferlo, which meant that the
area could be used on a permanent basis (Ba, 1986). The
possibility of staying in the area during the dry season
meant that local peoples became semi-sedentary, settling
around the boreholes. A new mobility arose called 'micro-
nomadism', where livestock are moved daily, though only
within the area around a borehole, a 'pastoral unit' (Bar-
rell, 1982).

Today, mobility patterns vary with availability of re-
sources, the animals herded, and the importance of agri-
culture in a household's production strategy. Touré (1990)
divides pastoral mobility in Ferlo into three categories:
Daily, seasonal and occasional migrations. Daily migra-
tion within the pastoral unit, the above-mentioned micro-
nomadism, is most widespread among pastoralists. Sea-
sonal migration implies returning regularly to the same ar-
eas. Areas for this type of migration are defined at both
medium and large scale. Finally, occasional migration is
unpredictable, often coinciding with pump-breakdown,
destruction of pasture by bush fire and outbreak of dis-
ease. Occasional migrations can be either medium or large
scale depending of the instigating event.

Herds consist of cattle, sheep and goats, though there is
a tendency to specialise in sheep production among certain
groups of pastoralists. These specialised sheep herders
maintain a high mobility, migrating as far as Gambia in
search of appropriate pastures (Adriansen, 2002).

Figure 1: The position of Ferlo in Senegal. Thiessen polygons are shown together with positions of boreholes and rainfall stations.
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Water is supplied by temporary ponds, boreholes and
antennas (secondary water outlets piped from boreholes).
Ponds can be used free of charge, while a fee per head of
livestock is common for boreholes and antennas. Bore-
holes are usually closed until the temporary ponds start to
dry out (Alissoutin, 1997). Therefore, in the rainy season
and early dry season, when water is widely available,
herds tend to be much more spread out than late in the dry
season, when livestock depends entirely on well-water.
Another factor influencing the spatial distribution of live-
stock and grazing pressures is the location of camps. Per-
manent camps are often located near temporary ponds,
while camps of migrating pastoralists are often found on
the best pastures.

The spatio-temporal distribution of grazing pressure is
of central importance for the present study. If it is re-
vealed, as suggested by Hiernaux (2000), that dry season
grazing pressure has limited or no importance for vegeta-
tive productivity, while rainy season grazing pressure ex-
erts significant control, the hypothesis tested in this paper
will be compromised. According to Hiernaux vegetative
productivity should be lowest in the vicinity of temporary
ponds and pastoralist camps, which are often located 5 to
10 km from the wells. However, the effects of grazing
pressures at different times of the year on long-term pro-
ductivity trends are complex and location-specific and
depend on vegetative species composition, herd composi-
tion and the timing of grazing.

Agricultural encroachment is taking place in the
southern and western parts of the Ferlo, and conflicts over

access to land are therefore commonplace. This increases
the pressure on the remaining rangelands of the Ferlo
(Freudenberger & Freudenberger, 1993).

Data and methods

NOAA AVHRR satellite images

The choice of data source
Several sources of satellite data are available for assessing
vegetation state and productivity. We have chosen NOAA
AVHRR data, which are widely available at low cost. In
the Australian literature on grazing gradients, Landsat
data are widely applied, and Bastin et al. (1995) argue that
Landsat MSS is far superior to NOAA AVHRR for such
applications. Their conclusion has the following basis:

•   The low spatial resolution of NOAA AVHRR compli-
cates the process of relating vegetation state to features
such as fences and well-defined landscape elements.

•   NOAA's low radiometric resolution (one visible and
one near-infrared band only) does not allow use of the
spectral indices, a widely applied technique for Land-
sat data.

Nonetheless, in the present context we will argue that use
of NOAA AVHRR data is the only realistic option:

• Since seasonal vegetative productivity is the focus,
rather than the vegetative state for one or a few dates,
only data-sources allowing an estimation of time-inte-
grated vegetative productivity are relevant. Due to the
short rainy season where the probability of cloud cover
is high, satellite/sensor systems with a low repetivity,
such as Landsat MSS and TM, are unsuitable. Very
few, if any, cloud-free scenes are likely to be available
for any one rainy season in a given location. In con-
trast, at least 20 NOAA AVHRR scenes are generally
used for assessing cumulative vegetative growth.

• Methods for estimating vegetative productivity from
time series of NOAAAVHRR data are well-developed
and have been validated for the study region (Ras-
mussen, 1998).

• Spatial variability in vegetative productivity at sub-
km2 scale does certainly exist, but the mobile and
highly flexible grazing system makes this variability
less important to a land degradation perspective.

Processing NOAA AVHRR data
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AVHRR HRPT data for 1990, 1991 and 1992 are avail-
able from the ground receiving station at Centre de Suivi
Ecologique, Dakar, Senegal. Data have undergone a stan-
dard processing sequence at the Institute of Geography,
University of Copenhagen, leading to a comprehensive
and consistent series of images. Radiometric calibration
follows the NOAA NESDIS guidelines using the method
suggested by Rao & Chen (1995) and Rao & Chen (1996)
for channel 1 and 2. For the thermal channels 3, 4 and 5
in-flight calibration data embedded in the HRPT data
stream are applied.

The Normalized Difference Vegetation Index, NDVI
is calculated as:

where NIR is the calibrated reflectance factor of the near
infrared channel (channel 2) and RED is the calibrated re-
flectance factor of the visible channel (channel 1).

Cloud masking is performed in two steps. The first
step is an automatic masking performed through decision-
tree classification, and the second step is a manual mask-
ing for line drop-outs, cloud edges, haze or mist, dust and
other disturbing features not detected by the automatic al-
gorithm. In addition, automatic masking is applied to
avoid scan angles greater than 42 degrees.

Images are geometrically rectified by combining auto-
matic methods, applying orbital parameters, and manual
matching between the image and a vector file representa-
tion of the Senegal River, the Gambia River and the coast-
line from Mauritania to Guinea Bissau. Accuracy is esti-
mated to be in the order of 1 km.

Following the standard processing sequence a number
of NDVI images (usually 3-5 images) are combined as 10-
day composites using the Maximum Value Compositing
method (MVC) (Holben, 1986; Cihlar et al., 1994). This
technique depresses atmospheric effects on NDVI, in-
cluding the effects of varying water vapour and aerosol
contents of the atmosphere. The compositing procedure is
applied for the growing season, which for the Ferlo region
normally lasts from late June to early October. The time-
integral of NDVI, iNDVI, is obtained as a sum of all 10-
day composites for the growing season. iNDVI is known
to be strongly correlated with NPP as NDVI is related to
the fraction of photo-synthetically active radiation ab-
sorbed by vegetation, fAPAR. fAPAR is a key input pa-
rameter in the Production Efficiency Model (PEM) used

by several authors, e.g. Kumar & Montieth (1981), Bégué
et al. (1991), Prince & Goward (1995).

To obtain absolute values of NPP AVHRR data can be
used as an input to a light-absorption model like the PEM.
This would be an advantage when temporal comparisons
are in focus and when areas of continental scale are being
studied. It is arguable that data should be converted into
NPP rather than using the 'raw' iNDVI-data, as demon-
strated by Rasmussen (1998). While use of models such as
PEM, as well as calibration with field data, may be more
well-founded theoretically, using iNDVI to estimate cu-
mulative vegetative productivity is believed to be a robust
approach, demanding no additional inputs. In particular,
iNDVI is useful for studying relatively small, homoge-
neous areas, and when spatial variability, rather than ac-
curate identification of temporal trends, is the focus.

Delimitation of pastoral units

A maximum area of 707 km2 around each borehole is con-
sidered in the iNDVI analysis. This corresponds to a 15
km radius corresponding to the maximum cattle mobility
around the borehole (Hanan et al., 1991). Pastoral units
have been delimited using the Thiessen Polygon method,
which in most cases leads to limits corresponding rela-
tively well to the administrative boundaries. This method
allocates each 1 km2 pixel to the polygon associated with
the closest well. The shape of polygons ultimately de-
pends on the spatial distribution of boreholes, and since
these are not evenly distributed some polygons have
rather asymmetrical shapes, see Figure 1. Where bore-
holes are situated close to one another (inside approxi-
mately 30 km) other factors than distance might influence
the choice of water supply for livestock. Therefore, a
Thiessen Polygon is merely an approximation of 'real
world' dry-season grazing borders related to livestock
mobility around the borehole.

Derivation of iNDVI profiles

In the iNDVI gradient analysis eight directions are con-
sidered, see Figure 3. Using a spreadsheet software pack-
age the iNDVI data were sorted and divided into eight
blocks according to the eight directions. Within each
block mean iNDVI was calculated for each kilometre in-
terval from the borehole until a maximum of 15 km or the
border of the Thiessen Polygon was reached. Information

NDVI = 
NIR - RED
 NIR + RED
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on distance and direction was obtained from suitable geo-
graphic information system tools.

In order to test to what extent the profiles can be de-
scribed by a simple model, a second order polynomial fit
was found for the omnidirectional profile of each pastoral
unit. The second order polynomial was chosen for its
mathematical simplicity combined with its ability to ap-
proximate the observed iNDVI profiles.

Classification of iNDVI profiles

A classification of omnidirectional profiles for all pas-
toral units and all three years was carried out based on a
decision tree-classification model.

Step 1: Determining the profile range
All profiles were chosen as starting one kilometre distant
from the borehole to eliminate the effects of the 'sacrifice
area' dominating the nearest circumference of the bore-
hole.

In order to eliminate the effect of the N-S rainfall gra-
dient the end-points of the omnidirectional gradients were
set based on the weighted representation of individual di-
rectional profiles. Omnidirectional profiles were "cut off"

if they were based on an insufficient number or an uneven
distribution of directional profiles. In theory, as few as 3
individual directions would generate an acceptable omni-
directional profile if the individual directions represented
were well distributed. However, because of the eratic
shape of polygons no cases with less than four directions
were found.

The majority of omnidirectional profiles produced
from step 1 had a range between 10 and 15 km. Profiles
shorter that 7 km were excluded from the classification.

Step 2: Categorizing profiles
Four categories of omnidirectional profiles were consid-
ered: (1) normal gradients, (2) non-gradients, (3) inverse
gradients and (4) composite gradients.

In order to separate non-gradients from gradients, basic
descriptive statistics have been computed for the omnidi-
rectional profiles. A lower limit of 0.1 of the iNDVI range
(maximum iNDVI minus minimum iNDVI divided by the
mean iNDVI) was used to separate gradients (above 0.1)
from non-gradients (below 0.1). In this way, inter-annual
differences in the absolute level of iNDVI attributable
to varying rainfall are excluded from analysis. A range
correction is applied, dividing the iNDVI range by mean
iNDVI, thereby accounting for different ranges (profile
lengths) of omnidirectional gradients in the data set.

In accordance with the afore-mentioned definition by
Pickup & Chewings (1994), normal gradients are charac-
terized by a steady growth in iNDVI with increasing dis-
tance from the borehole, whereas inverse gradients are
characterized by a falling iNDVI.

Composite gradients are cases where a sudden change
in the iNDVI profile leads to a consistent and clear in-
crease or decrease for two km or more. By clear we mean,
once again, that the distance-corrected range divided by
the mean on one side of a given minimum or maximum
exceeds 0.1. Changes occurring over shorter ranges than 2
km have been interpreted as noise in the iNDVI profile.

Results

Omni-directional gradients
Omni-directional iNDVI-gradients for 44 boreholes for
1990, 1991 and 1992 are shown in Figure 4. It can be seen
immediately that the pattern is quite complex. Normal, in-
verse and composite gradients are observed, as well as
cases of non-gradients.

Figure 3: Integrated NDVI for Tessekre. The Pastoral unit is con-
fined by the Thiessen Polygon and divided into eight sectors ac-
cording to direction. 
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Directional profiles
In some cases, directional gradients around a certain
borehole are very different from each other. This may be
due to local discontinuities in the landscape, e.g. the edge
of the Senegal River valley or the Fossil Valley system of
the Ferlo. In other cases, such as the one illustrated in Fig-
ure 5, the differences are not stable from one year to the
next and are likely the result of spatial rainfall variability.

Fitting of quadratic functions and classification of omni-
directional profiles
In Figure 4 quadratic functions have been fitted to the om-
nidirectional profiles. Subsequently, the profiles have
been classified, using the procedure described above. The
distributions of the four main types, mentioned above, and
5 sub-types of composite gradients for the three years
studied are shown in Figure 6 a, b and c. From Figs 4 & 6
the following patterns emerge:

• Overall, inverse gradients are most common in the
north-central Ferlo in 1990 and 1991.

• Inverse gradients are most pronounced (steeper gradi-
ent) in cases of high values of iNDVI, associated with
high vegetative productivity and above-average rain-
fall.

• The clearest cases of normal gradients are found at the
northern edge of the Ferlo, in the ferrigenuous, eastern
Ferlo, and, in 1992, in the southern part.

• Composite gradients with decreasing followed by in-
creasing iNDVI are particularly widespread in the east-
central part of the study area.

Correlation between years
It is noteworthy that gradients may change from normal to
inverse between years for the same borehole. The correla-
tions between years have been calculated and the results
are shown in Figure 7, a, b, c and Figure 8. It appears that
positive correlations dominate with median values of cor-
relation coefficients in the order of 0.6 - 0.7. However,
negative correlation is not unusual.
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Figure 4: Omnidirectional iNDVI profiles for 44 boreholes. See Figure 1 for position of boreholes.
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Discussion and conclusion

The complex pattern observed negates the simple hy-
pothesis that high grazing pressure around boreholes gen-
erally causes the development of a normal iNDVI gradi-
ent indicating land degradation. The considerable varia-
tion in gradient type observed within the study area, inter-
annually and as well as spatially, may be related to varia-
tions in soil type, landscape and vegetation types. Though
a full analysis of these factors requires more data than
presently available some possible explanations of the ob-
served gradients are presented:

Limiting factors of production: Phosphorous and water
Inverse gradients are most pronounced in years with high
rainfall (and therefore high iNDVI), see Figure 4. Vegeta-
tive productivity in high rainfall years may therefore be
limited by available phosphorous of which manure is a
primary source (Turner, 1998a and b). A high concentra-
tion of manure in the vicinity of the wells would explain
the strong inverse gradient. In low rainfall years, water
will be the limiting factor and the inverse gradient will
therefore be weakened or eliminated.

Presence of unpalatable species
Close to wells, where high concentrations of livestock are
found in the dry season, unpalatable species may some-

times attain dominance. These may contribute signifi-
cantly to the NDVI signal. Cassia obtusifolia is an exam-
ple in the south, while Calotropis procera (eaten but not
preferred by the livestock) is widespread in the northern
parts. These may give rise to composite (uneven) gradi-
ents. This has also been observed in Australia by Pickup
& Chewings (1994).

The significance of long term rainy season grazing pres-
sure
In the rainy season, the distribution of grazing pressure is
believed to be controlled mainly by the location of tem-
porary ponds and the location of pastoralist camps, the
two of which often coincide. Frequently camps are found
at distances of 5-10 km from boreholes. Hence, the result-
ing rainy season grazing pressure is presumed to be simi-
lar year after year. Certain cases of composite gradients,
where iNDVI reaches a minimum at some distance from
the well (e.g. in Thiel in the southern part of Ferlo) may be
explained in this way, see Figure 4. Here the observed
minimum in iNDVI is found 7 to 8 km from the well,
which corresponds well with the location of a number of
temporary ponds and pastoralist camps. 

Problems associated with the method
The methodology suffers from a number of problems:
• It is assumed that iNDVI provides a good estimate of
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between individual directions can be observed, whereas differences are much smaller in the lower rainfall situation of 1991 (Figure 5B).
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cumulative vegetative growth. This has been demon-
strated to be a potentially problematic assumption
when vegetation cover is low and soil colour therefore
has a significant impact (Huete, 1988). This is particu-
larly important in dry years.

• Likewise, iNDVI generally provides a better estimate
of vegetative productivity where the crown cover of the
woody vegetation is low (Rasmussen, 1998). In the
southern and eastern parts of the study area, crown
cover may in cases exceed 20 %, and the productivity
associated with the woody vegetation may exceed the
productivity of the herbaceous vegetation. Also, brows-
ing is very important here, especially in the dry season.
Thus, iNDVI is less useful in these areas. However, no
alternative method for estimating vegetative productiv-
ity at the appropriate scale is presently available.

• Further, it is assumed that grazing in the rainy season
does not limit iNDVI significantly. If it did, iNDVI
would not be useful as an indicator of degradation.
However, this assumption may be ill-founded in low
rainfall years. Note that this does not apply to long-
term effects of rainy season grazing pressure, as dis-
cussed later. 

• The number of pixels used to calculate iNDVI in-
creases with the distance from the well. Thus, values of
iNDVI close to the borehole can be "noisy" and should
be interpreted with caution. One source of noise is the
geometrical (co-) registration of the series of NOAA
AVHRR images used. Even a minor error of less than
one pixel can generate substantial noise close to the
borehole, whereas this effect will be small at greater
distances.

• It is assumed that boreholes have been well function-
ing during the entire study. However, occasional pump
failure is not unusual, which might help explain some
of the variation found between different years for the
same borehole.

Conceptual problems associated with the notion of land
degradation
It should be kept in mind that there are many definitions
of land degradation that emphasize other aspects than just
vegetative productivity. From a local pastoralist's or a
conservationist's point of view the issues of importance
are quite different (Rasmussen, 1999). The pastoralist will
most often be interested in the quality of grazing seen
from the perspective of the livestock, and in this case the
vegetative productivity or the total quantity of biomass
may be of little interest if unpalatable species are com-

mon. The protein content of fodder is often claimed to
limit livestock production, rather than the energetic value.
For a conservationist, land degradation is often related to
a loss of bio-diversity, which is not closely related to over-
all vegetative productivity. The interpretations in this pa-
per strictly concern the definition of land degradation
based on vegetative productivity.

As discussed, the basic argument relating vegetative
productivity gradients to degradation is that areas with
lower productivity (around boreholes) should be seen as
foci of land degradation as it is defined here. Should the
absence of this relation, as indicated by the dominance of
inverse gradients, lead one to interpret absence of degra-
dation?  Depending on the actual causes of the observed
vegetative productivity gradients, different lines of rea-
soning will apply:

If inverse gradients are mainly due to manuring effect,
the nutrients causing increased vegetative productivity
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around wells come as a cost to areas further from the well,
which as a consequence experience a lower productivity.
If this explanation holds, grazing gradients should not be
used as degradation indicators at all, but rather as indica-
tors of spatial redistribution of nutrients. Clarification of
this question will require further study of the causes of
vegetative productivity gradients.

If the main cause of the spatial variations in vegetative
productivity is rainy season grazing pressure, productiv-
ity gradients radiating from wells become irrelevant,
since distance from a well is not controlling grazing pres-
sure. In that case vegetative productivity should, of
course, be related to the rainy season grazing pressure, es-
timated on a km2-basis. 

In summary, the simple hypothesis that vegetative
productivity will generally be reduced around dry season
watering points can be rejected. However, it will not be
possible to interpret this as a proof that degradation, as the

term is understood here, is not taking place. Rather, the
gradients observed should be interpreted as indicators of
the factors controlling vegetative productivity. The great
inter-annual variation shows that rainfall certainly plays
an important role in some years, while landscape hetero-
geneity, spatial variations in nutrient availability and long-
term rainy season grazing pressures are likely to be im-
portant in years of good rainfall. These alternative hy-
potheses demand validation, and this work is in progress.
Finally, the great differences observed among the 44 wells
and 3 rainy seasons studied illustrate that great care
should be taken when interpreting and upscaling/extrapo-
lating results from studies of single wells and single years.

Concluding remarks
All in all, the results of the analysis of NOAA AVHRR
data presented, as well as the interpretations indicated
above, point to the need for a better understanding of the
interplay between climate, vegetation and grazing. Multi-
ple factors influence these processes, and findings are
likely to apply only to certain combinations of interrelated
physical, biological and human factors. Assessment of
land degradation is not straightforward; especially in the
light of the 'dis-equilibrium' paradigm for dryland ecosys-
tems (for example  described by Behnke et al. (1993)) it is
necessary to suggest operational definitions of land degra-
dation and find measurable indicators. The use of iNDVI
gradients as a simple indicator of degradation is not gen-
erally suggested.
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Utilisation des données NOAA AVHRR pour l'esti-
mation des gradients de productivité végétale au-
tour des points d'eau dans les zones de parcours du
nord du Sénégal.
Morten Lind, Kjeld Rasmussen, Hanne Adriansen &
Alioune Ka

Résumé
Cet article teste l'hypothèse selon laquelle la forte pres-
sion de pâturage, durant la saison sèche autour des points
d'eau dans les zones de parcours du Nord du Sénégal, pré-
sente des effets négatifs sur la productivité de la végéta-
tion. L'étude est faite en se basant sur une série temporelle
d'images NOAAAVHRR couvrant trois saisons des pluies
pendant lesquelles le NDVI intégré (iNDVI) est estimé à
une échelle de 1 Km2. Ensuite une analyse est faite de la
dépendance de cet iNDVI à la distance du plus proche
point d'eau. Les gradients de iNDVI observés sont appa-
rus très variables en fonction des points d'eau et de l'an-
née, ce qui rejette l'hypothèse de départ. Les raisons pos-
sibles à cette variabilité sont discutées et il est retenu que
les gradients de iNDVI ne sont pas de bons indicateurs de
la dégradation des terres.

Mots-Clefs
Dégradation des terres, gradients de pâturage, NOAA
AVHRR NDVI, télédétection, Sénégal
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