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Abstract

The concepts and terminofogy of desertification and land degrada-
tion are discussed with particular reference to the Sudan-Sahel zone
of West Africa. It is argued that apparent disagreement and confu-
sion concerning environmental change processes in the region have
a number of sources. These include vagueness of the definitons of
concepts, the discipline-specific use aof terminology, lack of hard data
with the required historical depth and disregard of spatial variability
and spatial and temporal scale issues. Material from case studies on
desertification and land cover change in northern Burkina Fase and
on vegetation productivity in pastoral areas of northern Senegal are
used to illustrate these points. Further, it is argued that land de-
graclarion and deseriification are inherently normative concepis, and
that differences in world views and interests will influence how en-

vironmenial changes are imterpreted. Finally, the instinnionafization
af the concepts of land degradation and desertification is briefly
discussed.
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Introduction and objectives

This paper will discuss the conceptual basis of the scienti-
fic debate on environmental change in the West-african
Sahel-Sudan region, defined as the area between the 200
and 600 mm isohyets south of the Sahara. The concepts of
‘desertification’ and ‘land degradation’ have played a ma-
jorrole in this debate over the last two or three decades. It
will be argued that several problems persistin the scientific
understanding of environmental change in the region, and
these will be traced to a number of sources, including:

(1} Vague definitions of the concepts of desertification
and land degradation.

(2) Discipline-specific usage of concepts and terminology.

(3) Lack of hard data on the environmental histories of the
regions studied.

(4) Neglect of spatial variability.

(5) Insufficient understanding of the time scales of en-
vironmental change processes.

Results from case studies in northern Burkina Faso and
Senegal will be used to illustrate the difficulties associated
with the use of the concepts of desertification and land de-
eradation.

Weaknesses of the definition and use of concepts

A great number of definitions of ‘desertification’ have
been suggested. Following the Rio-conference and the
‘Convention to Combat Desertification’ (UN, 1992}, the
most widely used is:

‘Desertification is land degradation in arid, semi-arid and
dry sub-humid areas resuiting from various factors, in-
cluding climatic variations and human activities’.

which is devoid of meaning without a proper definition of
‘land degradation’. Again, many different definitions have
been suggested. One of the most generally accepted is
probably that of Williams & Balling (1995):
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‘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’

Whenever the terminology of desertification and land
degradation is used below without further specification, it
will refer to these definitions. This implies that the terms
are interchangeable. Though widely used, Williams &
Ballings’ definition of land degradation leaves many issues
unresolved. Of particular importance is the 1ssue of time
scale, which will be addressed in this paper.

The broader - yet far from universal - acceptance of these
definitions gives some hope of greater consistency in the
scientific debate, yet they are still vague and open to nu-
merous - and sometimes mutually exclusive - interpreta-
tions, causing considerable confusion. Most importantly,
these terms are inherently normative. The practical de-
finition of degradation tends to become ‘any undesired
change invegetation, soils, landscapes ete’. Since different
people, scientists as well as others, have different prefer-
ences, the understanding of degradation will differ widely.
This will be examplified below.

In the following discussion a number of problems, rooted
in the normative character and the lack of precision in the
definitions and the practical use of concepts, will be briefly
discussed. Some of these problems are internal to science,
some are linked to the translation of scientific under-
standing into policy. However, the emphasis in this paper
will be on the aspects internal to science.

Discipline-specific use of terminology

One source of confusion concerning desertification and
land degradation is the differences in the use of (land) de-
gradation terminology between scientists and practitioners
in different disciplines. One example - in relation to semi-
arid rangelands - may be the discipline specific under-
standing of ‘degradation’ (and not specifically land de-
gradation):

» Seen from a botanist’s point of view, the term de-
gradation may be used to describe a change in vege-
tation composition of a region, involving, for instance,
the disappearance of characteristic tree species.

+ Inrange management, ‘range degradation’ may denote
that the appearance of the range differs from an ideal

picture of how a well-managed rangeland looks.
Scoones (1993) documents how assessments of carry-
ing capacity in Zimbabwean rangelands depended
upon the judgement of colonial range managers carry-
ing with them notions from temperate regions.

* In geomorphology and soil science, an area will be
described as undergoing “degradation’, if there 1s an
increase, relative to some “natural’ level, of the loss of
topsoil by erosion.

* In hydrology ‘degradation’ may be associated with a
decrease in infiltration and increased surface run-off
caused by surface crust formation.

= In forestry, reduction of the woody cover, of woody
productivity and/or qualitative changes inspecies com-
position will be seen as ‘degradation’.

» Ineconomy, loss of economic productivity of the land
will be the criteria for ‘degradation’.

However, there is no certainty that any of these processes
lead to reduced biological productivity (at some specified
scale), as demanded by the above standard definition.
Warren (1998) has pointed this out in relation to soil ero-
sion. Thus, imespective of the apparent concensus on the
‘land degradation’ terminology and definition, differences
in the actual use of the broader term *degradation” prevail.
Even though these differences may be based on well-
established traditions within each discipline, and each of
them describes interesting and relevant environmental
changes, the shared usage of the ‘degradation’ term causes
confusion both within and ocutside science.

As mentioned, land degradation may encompass a variety
of processes such as (1) impoverishment of the vegetation
(including loss of biological diversity), (2) soil erosion by
wind and water, (3) depletion of soil nutrients, (4) changes
in the physical structure of the soil, including surface crust-
ing, (6) salinization of irrigated areas, as well as others.
These processes affect very different environments, have
different causes, and their occurrences within a certain
region are not necessarily positively correlated - or related
at all. It is therefore highly questionable whether it is
meaningful to merge these processes under one heading.
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Exaggerated figures and lack of hard data

There is a stunning contrast between - on the one hand -
the ambiguities of the concepts and the problems of
measurement associated with them, and on the other, the
apparent precision of some of the data presented by auth-
oritative sources, e.g. Le Houérou (1996). Very detailed
quantitative data are presented on extent, rates and even
causes of desertification. The numbers presented on ex-
tents and rates are extremely large, yet little proof of their
validity is offered. Olsson (1993), Warren (1998) and
others provide a sharp cntique of such aggregates, yet the
numbers continue to be put forward. As will be discussed
below in relation to case studies from northern Burkina
Faso and Senegal, it is hard to imagine how such precise
data could be produced.

Neglect of spatial variability and differences in scale
Sweeping generalisations about land degradation are some-
times made on the basis of case studies related to small
areas without proper considerations of their representa-
tivity. The revitalisation of the fossil dunes in the vicinity
of Oursi in northern Burkina Faso is a good example
(Claude et al., 1991 ; Krings, 1980). Whilc this is an inter-
esting case, it is certainly not representative of the region,
as will be described below.

Research in land degradation processes tends to be scale-
specific: Work is carried out at plot- (Krogh, 1997), vil-
lage- (Reenberg et al., 1998), landscape- (Rasmussen et al,
submitted), regional (Krings, 1980), national or subcon-
tinental {Tuckeretal., 1991) scales, and conclusions reflect
the scale of analysis. Few studies succeed in effectively
integrating scales, and to maintain the precision, rigour and
processual understanding obtainable at the finest levels,
while at the same time assuring spatial representativity at
larger scales of greater policy relevance. The hierarchical
approach outlined by Reenberg (1998} may be one way to
obtain this.

{{r)reversibility, stability and resilience

Much confusion has arisen from controversies concerning
the possible irreversibility of land degradation processes.
One source of confusion relates to the - often implicit - as-
sumption that some state of the ecosystem is the ‘natural’
(Sprugel, 1991) stable state, and that a disturbance, be it a
drought or human intervention, would move the system
away fromthis state. If the disturbance were large enough,
and the system sufficiently vulnerable. the system would

not be able to return to the equilibrium state, and the
change would be termed irreversible. The validity of this
idea of ecosystem behaviour has been questioned, and
semi-arid areas may alternatively be described as ‘event-
dnven’ systems. constantly undergoing change (Ellis &
Swift, 1988 : Scoones. 1993 : Behnke & Scoones, 1993),
However true it may be that variability 1s an important
feature of dryland ecosystems, it should be remembered
that pollen analysis of sediment cores from lakes in the
Sahel-Sudan shows a relatively constant floral composition
over the last three thousand years (Andres et al., 1996).
This indicates that whereas productivity and relative abun-
dance of species may be characterized by variability, eco-
system structure and species composition may be relatively
stable. However, much more researchiis required to resolve
this question.

Case studies

The discussion below will draw upon two case studies -
related to different presumed land degradation processes -
from Burkina Faso and Senegal. Both will be presented
very briefly, emphasizing the conclusions of direct re-
levance to the present discussion.

Vegetation change on the stabilised dunes of northern
Burkina Faso

Rasmussenetal. (submitted) and Fog & Rasmussen (1997)
have studied the environmental history over the last 40
years of the stabilised dunes of northern Burkina Faso. The
study is based on analysis of time senes of aenal photos
and satellite images, in combination with field observa-
tions and interviews with local farmers and pastoralists.

The findings may be briefly summarized as follows:

(1) In the years of the drought of the early seventies the
vegetation cover on the dunes changed significantly.
In some cases these changes continued until the mid-
eighties. Several woody species were almost irradicat-
ed (Rasmussen et al., submitted). the herbaceous cover
was reduced substantially in certain areas (and not in
others), and annual grasses replaced perennials. Cer-
tain parts of the dunes became totally denuded, and
wind erosion became prominent, revitalising the other-
wise stabilised dunes.
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(2) Since the late eighties - and in some cases earlier - the
vegetation cover has been recovering. The species
invading the denuded parts of the dunes are not iden-
tical to those dominating before the drought. Among
the woody species, Lepradenia pyrotechnica, which is
well-adapted to desert-like conditions, has often been
the first to appear. The reduction of the area of bare
spots on the dunes is clearly visible from both aerial
photos and satellite images, and the interviews with
local people support this conclusion.

(3) Large differences between the vegetation histories be-
tween different parts of the dunes - even within the
small area studied - have been observed. These differ-
ences are likely to be due to a combination of natural
and human causes. The areas of total denudation in the
seventies are all close to settlements and/or temporary
ponds with periodically high livestock grazing press-
ure and trampling. Cultivation on the dunes was wide-
spread up until the early seventies and sometimes, yet
not always, caused revitalisation of the dunes by wind
€rosion.

One specific example is shown in Figure 1. The changesin
vegetation cover on the ‘Oursi-dune’, which have been the
subject of several studies (Claude et al., 1991 ; Lindquist
& Tengberg, 1993 ; Toutain & De Wispelaere 1977), are
visible by comparison between geometrically co-registered
and radiometrically normalized aerial photos trom the
period 1955 to 1994 (Rasmussen et al., submitted).

The case illustrates well a number of points, discussed
above. Areas supposedly undergoing land degradation
{Lindquist & Tengberg, 1993} are actually rapidly recover-
ing, even though the overall utilization pressure is hardly
reduced. This may be said to support the idea of the herba-
ceous vegetation coverand productivity being more direct-
ly controlled by rainfall, rather than by human-induced
land degradation processes. It should be added, however,
that the recovery does not necessarily lead to reestablish-
ment of the pre-1970 situation. The species currently in-
vading the live dunes - created in the seventies - are not the
same as those dominating before. The dunes display a
pattern including both ‘irreversible’ and ‘reversible’
changes with varying time scales. This will be elaborated
upon below. Further, the observed spatial variability points
to the necessity of caution when extrapolating from local
scale findings. Finally, it should be added that other parts
of the same area (plateaus and valleys) with a different

1 km

Figure I: Aerial photos showing the change in land cover on the
Oursi dune between 1955 and 1995, The photos have been scanned,
geonetrically corrected and radiometrically normalized in order 1o
altow direct comparison. The ‘Mare d"Oursi’ can be seen in the
bortom of the photos, and the village of Oursi s situared berween the
bright dune and the “mare’. The invasion of bushes and herbs
benween 1981 and 1995 is clearly visible.
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geomorphology and utilization history are undergoing
quite different change processes.

Land degradation around watering points in northern
Senegal

Watering points for livestock in semi-and rangelands are
often assumed to be foci of land degradation. Many years
of high grazing pressure may create so-called piosphere
patterns (Bastin et al. 1993), and net primary productivity
{NPP) may be suppressed in the long term. Few empincal
tests of this idea have been carried out in the Sahel-Sudan.
Hanan et al. (1991) used time-series of NOAA AVHRR
satellite data to assess the variation of NPP with distance
along radial profiles from watering points in the Ferlo of
northern Senegal. The conclusion was that no clear indi-
cations of ‘grazing gradients’, as the phenomenon is term-
ed, were identified. Recently, Rasmussen etal. (1999) have
studied the issue in more detail for eight watering points in
two different years, using a slightly different method, and
the results were less clear. Grazing gradients were found in
some cases and not in others.

In brief, the method is as follows: The NPP is estimated
foreach 1 km® ‘pixel’ by integrating, over the growing sea-
son, the ‘normalized difference vegetation index’ (NDVI)
calculated from daily NOAA AVHRR data. The ‘integrat-
ed NDVI' (iNDVI) has been shown to be linearly related
to NPP by Rasmussen (1998) for the area in question. Sub-
sequently, the average iNDVI for all pixels at a certain
distance from the watering point has been plotted against
distance. The method differs from that of Hanan et al.
(1991) by using all pixels for studying the INDVI-distance
relation, not only those on a certain radial profile.

In Figure 2 (next page) the iNDVI-distance relation is
shown for eight watering points in north-west Ferlo for
1989, which was an unusually wet year. *“Normal’ grazing
gradients, i.e. reduced NPP close to the watering points,
are found for several - but not all - watering points. Certain
watering points, e.g. Thiel, display an ‘inverse’ grazing
gradient, as also observed elsewhere (Bastin et al., 1993).
Several explanations of this phenomenon may be sug-
gested. In Thiel, field work has demonstrated that the pres-
ence of unpalatable species of high productivity and green-
ness in the proximity of the watering point may constitute
part of the explanation. One such species, Casia obrifolia,
which is adapted to areas with high nitrogen and phos-
phorous availability due to manure, is quite widespread
around watering points in the southern part of the Ferlo.
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The dominance of such species may be seen as an etfect of
high grazing pressure overa prolonged period. Another ex-
planation of the inverse grazing gradient may be that cer-
tain watering points, including Thiel, are closed during the
rainy season, since water is available from temporary
ponds. If the development of a grazing gradient depends on
the grazing pressure in the rainy season, as suggested by
Turner (1998), areas close to the watering point, which are
used less in the rainy season, will be less affected.

The applied method is based on several assumptions, the
most impertant being that the ND'VI must not be seriously
affected by grazing in the current rainy season. This con-
dition may not hold in dry years close to watering points.

The conclusions which may be drawn from this preli-
minary study of grazing gradients are the following:

(1) ‘Normal’ grazing gradients, indicating that NPP has
been suppressed by grazing pressure, do occur in the
study region.

(2) Cases of ‘inverse’ grazing gradients are found as well,
indicating that NPP is increased rather than decreased
around the watering point. However, field observa-
tions indicate that such gradients are in some, but not
all, cases related to the presence of unpalatable spe-
cies, and thus the economic and nutritional value of
the vegetation may be reduced.

(3) Substantial local variations (and variations between
years) occur, some related to natural phenomena, e.g.
the presence of temporary ponds, causing a more spati-
ally even distribution of grazing pressure, some prob-
ably related to natural resource management practices.

In relation to the above discussion of land degradation, the
case study findings imply that the simple definition of land
degradation, relating it to the NPP (and to NDVI determin-
ed from satellite images), does not take into account the
‘value’ of the vegetation seen from a production point of
view. The same may be said about other ‘value’ aspects of
vegetation. Further itimplies that generalisations - even for
a relatively homogeneous area like western Ferlo - con-
cerning land degradation are risky due to great spatial
variation in the observed patlerns.

Time scales of environmental change

The definitions of desertification and land degradation do
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Figure 2: The variation of iNDVI, which is assumed to be linearly related to NPP, with distance from the boreholes ( 'forages’) in the Ferlo
of northern Senegal. increasing iNDVI with distance is termed a ‘normal’ grazing gradiemt; decreasing INDVI with distance an ‘inverse’
grazing gradient. The iNDVI is obtained by integrating over the period June to October the ‘normalized difference vegetation index’, computed
Sfrom calibrated NOAA AVHRR satellite images. From Rasmussen et al. (1999).

not specify the time scales considered. No indications of
how long an environmental change must persist in order to
be termed ‘land degradation’ are given. The different pro-
cesses of environmental change, represented in the case
studies introduced above, operate at very different time
scales. Attempts to assess the extent of land degradation
fromempirical evidence of changes, taking place over few
- or few tens of - years, may be hazardeous, since the ob-
served changes are likely to be the combined result of
several processes operating on different time scales. Atone
extreme, vegetation productivity may fluctuate widely
from year to year, while, at the other extreme, large-scale

ecosystem shifts caused by climate change may have time
scales of hundreds or thousands of years. In between these
extremes, human effects on ecosystems may be observed
with time scales of decades (Toutain & De Wispelaere,
1977), and soil erosion processes may be studied at time
scales of decades to centuries {Warren, 1998).

Since long-term environmental information is scarce,
much thinking tends to be based on deductions from the
observation of present conditions, as discussed by Fairhead
(1998) with reference to a more humid zone, or on short
time-series of data. Satellite images or aerial photos cover-
ing few decades and interviews with informants who
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necessarily have a limited precision of memory (and prob-
ably sometimes a systematically distorted view) of the en-
vironmental history, are some of the sources used. This has
the effect that high current change rates will tend to domi-
nate the picture, as compared to processes with longertime
scales and lower annual change rates. The processes with
longer time scales will possibly have larger long-term ef-
fects, however.

Normative, social and perceptional aspects of land de-
gradation

Most natural scientists studying land degradation tend to
regard it as the result of measurable physical, chemical and
biological processes. However, the whole concept is basi-
cally of a normative nature. As stated above, land degrada-
tion may be said to have the practical definition, ‘any un-
desired change in vegetation, soils, landscapes etc’. If this
statement is accepted it implies that land degradation is a
strongly (negatively loaded), normative concept, which
may be said to be unfortunate in a scientific context. The
normative character of the concept leads to the conclusion
thatdifferences in world views, priorities and interests may
influence what is termed land degradation. Such differ-
ences exlst even between scientists, as illustrated above,
and even more 50 in a wider context, as discussed by Swift
(1996).

As part of the study of vegetation change in the northern
part of Burkina Faso, briefly described above, local people
were interviewed on their perception of environmental
change in the region. It was clear that perceptions of land
degradation expressed by local farmers and pastoralists
differed fromthose of scientists and development workers.
Whereas well-educated technicians and administrators
univocally supported the ‘narrative’ of land degradation,
the farmers acknowledged that environmental changes
were taking place, but not that these changes always re-
presented ‘problems’. For example, depletion of woody
resources, fuel wood shortage and soil nutrient depletion,
which are often described as serious in the land degrada-
tion debate, are not generally considered important prob-
lems. Further, the view of local people was that environ-
mental change is caused by drought and not *human mis-
management’, in contrast to what 15 suggested by, for in-
stance, Le Houérou (1996). Such discrepancies cannot just
be written off as a consequence of a lack of understanding

on the part of the farmers. They may be seen as a conse-
quence of differences in priorities and interests.

The relatively recent ‘Convention to Combat Desertifi-
cation” actually differs from earlier official texts by em-
phasizing the need to take local perceptions of land de-
gradation into account and to involve local populations in
the process of prioritizing the actions to be taken to im-
prove environmental conditions.

Institutionalization of desertification

Not least in a UN context, desertification has become an
official and political concept, as much as a term describing
certain well-defined physical, chemical and biological
processes. Institutions are built around it, both within the
UN systemn (e.g. UNSO) and at national level. Third World
countries are required to deal with the concept due to the
external demand to develop and implement various en-
vironmental action plans. Government officials and scien-
tists in these countries have responded quickly by adopting
the vocabulary of the UN-literature, and local institutions
are involved in carrying out studies and formulating action
plans, thereby getting access to funds. Often representa-
tives of developing countries defend the traditional inter-
pretations of desertification in UN contexts. One may fear
that the environmental policies arising fromthis perception
- if they have an effect at all - do not always focus on the en-
vironmental problems of greatest concern to the major part
of the population, but rather reflect the, not necessarily em-
pirically based, ideas of the institutions, international as well
as national, which build upon the desertification concept.

Critical assessment - based on empirical evidence - of
environmental change processes, their relation to produc-
tion systems and natural factors, the costs and benefits
associated with them, the local perceptions of them, as well
as the policies required to manage them, is required. Such
critical empirical assessments should be a prerequisite for
the development of national action plans, environmental
policies and development projects within natural resource
management.

Conclusions

The main messages which may be extracted from the
above discussion are the following:
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(1) The terminology of desertification and land degrada-
tion is, in spite of a possible emerging concensus on
definitions, still vague. Very different practical inter-
pretations, often specific to scientific disciplines, exist,
which may give rise to confusion.

(2) The empirical basis for the current official assessments
of the extent and causes of desertification remains
weak, and can hardly serve as a good basis for en-
vironmental policies and practical action.

(3) Whereas micro-scale case studies are likely to provide
examples of a wide range of environmental change
processes which may be termed desertification or land
degradation using the standard definitions, proper up-
scaling to national or regional scales of these results is
seldom done. Instead sweeping generalisations are
made directly on the basis of observations at micro-
scale, and the validity of these generalisations is sel-
dom empirically tested.

(4) Time-scales of environmental change processes differ
widely. The lack of historical environmental data
means that present day conditions and short time-
series are used as a basis for assessing the relative im-
portance of change processes. This may lead to false
conclusions, because processes with short time-con-
stants yet high annual change-rates tend to dominate,
even though their long-term effects are limited.

(5) The concepts are inherently normative, and differences
of perceptions and interests will influence what is
considered ‘degradation’. In particular, the views and
interests of the rural population directly affected by
environmental change may differ widely from those of
researchers and the formally trained personnel of
governmental institutions and development projects.
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(1) The terminology of desertification and land degrada-
tion is, in spite of a possible emerging concensus on
definitions, still vague. Very different practical inter-
pretations, often specific to scientific disciplines, exist,
which may give rise to confusion.

(2) The empirical basis for the current official assessments
of the extent and causes of desertification remains
weak, and can hardly serve as a good basis for en-
vironmental policies and practical action.

(3) Whereas micro-scale case studies are likely to provide
examples of a wide range of environmental change
processes which may be termed desertification or land
degradation using the standard definitions, proper up-
scaling to national or regional scales of these results is
seldom done. Instead sweeping generalisations are
made directly on the basis of observations at micro-
scale, and the validity of these generalisations is sel-
dom empirically tested.

(4) Time-scales of environmental change processes differ
widely. The lack of historical environmental data
means that present day conditions and short time-
series are used as a basis for assessing the relative im-
portance of change processes. This may lead to false
conclusions, because processes with short time-con-
stants yet high annual change-rates tend to dominate,
even though their long-term effects are limited.

(5) The concepts are inherently normative, and differences
of perceptions and interests will influence what is
considered ‘degradation’. In particular, the views and
interests of the rural population directly affected by
environmental change may differ widely from those of
researchers and the formally trained personnel of
governmental institutions and development projects.
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