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Beyond the Desertification Narrative:
A Framework for Agricultural Drought
in Semi-arid East Africa
In the 20th century, much research was done on
desertification. Desertification developed into a complex
and vague construct that means land degradation under
specific conditions. Projects focusing on land degradation
in semiarid East Africa have met with limited success
because farmers prioritize drought as the major productivity-reducing problem. Yet studies on long-term rainfall
trends have not confirmed that droughts are more
frequent. In this article, we combine drought and land
degradation effects into an Agricultural Drought Framework, which departs from the farmers’ prioritization of
drought and accommodates scientists’ concern for land
degradation. It includes meteorological drought, soil
water drought, and soil nutrient drought. The framework
increases insight into how different land degradation
processes influence the vulnerability of land and farmers
to drought. A focus on increased rainwater use efficiency
will address both problems of land degradation and
drought, thereby improving productivity and food security
in semiarid East Africa.

INTRODUCTION
In the 20th century, the concept of desertification, especially in
relation to Africa’s soils, was a much-debated issue. It has
proved difficult to conceptualize desertification, because it has
been redefined many times. Different commissions have been set
up, many conventions have been signed, and long reports have
been written to address the apparent problem of desertification.
A great deal of research on natural resource management has
focused on this phenomenon. Over the years, different insights
have changed opinions on the exact causes of desertification.
The evolution of the concept reflected developments in ecology.
The current and commonly accepted definition of desertification came out of the 1992 United Nations Conference of
Environment and Development. At the conference, desertification was defined as ‘‘land degradation under arid, semi-arid and
dry sub-humid climates resulting from various factors including
climate variation and human activities’’ (1). Land degradation is
the loss of the land’s biological or economic productivity (1).
Even though desertification has been defined, 2 questions
remain: i) To what extent is desertification human induced? ii)
To what extent is climate change responsible for desertification?
Scientists working on sustainable land use have identified
human-induced land degradation as a major factor limiting
sustainable production and food security in semiarid East
Africa. However, due to their scientifically biased top-down
approaches and lack of consensus on major problems (2–7) they
have not been very successful in changing farmers’ agricultural
practices towards a more sustainable use of natural resources.
Subsistence farmers in semiarid East Africa have often been
unwilling to apply soil and water conservation (SWC) measures
to their land, because they perceive drought as their most
important productivity-reducing problem (8–12).

372

Researchers have not looked deeper into how these farmers
perceive drought. To overcome productivity problems in a
sustainable way, it is important to reconcile the mismatch
between the problems perceived by scientists and the problems
perceived by the actual users of the environment. Population
pressure in the semiarid zones of East Africa is growing, while
the productivity of the land is stable or even declining; food
security and natural resource depletion are of increasing
concern. We therefore argue that the point of departure should
be the productivity-reducing problem drought that farmers give
most priority to when studying the possibilities to increase
agricultural sustainability.
In this article, we put drought into a wide framework that
includes land degradation effects into a concept we term
‘‘agricultural drought.’’ It will increase insight into how
different land degradation processes influence the vulnerability
of farmers and their land to drought. The Agricultural Drought
Framework (ADF) serves as a common ground for scientists
and farmers from which the 2 major problems affecting
productivity––drought and land degradation––can be addressed
in an integrated manner. It directs focus to more efficient use of
rainwater for agriculture.
The first part of this article provides a literature review of the
historical development of the concept of desertification
according to discourses in natural resource management and
in line with changing insights into ecology. In the second part,
we stress the need for an alternative scientific focus to approach
the pressing problems of decreased productivity and food
security in Africa. We propose the ADF, which integrates
farmers’ perceptions of their priority problem.

DESERTIFICATION AS HUMAN MISMANAGEMENT
OF NATURE IN EQUILIBRIUM
The concept of desertification evolved in the 1920s and 1930s in
colonial West Africa as a result of concerns about an expanding
Sahara; desertification was thought to be caused by the
destruction of the Sahara’s vegetation cover by nomads (13,
14). The work by Stebbing (15) was particularly influential in
the development of the desertification concept and of later
discussions about this concept. Stebbing argued that the causes
of desertification were indigenous land use, exacerbated by the
growth of human and livestock populations. Erratic rainfall was
considered as a result rather than a cause of desertification.
Savannah vegetation was judged to be degraded forest.
Stebbing’s report was followed by fieldwork by the AngloFrench Forestry Commission that studied this urgent problem
(16). The commission refuted most of Stebbing’s assertions and
stated that desert borders were not moving southward. Rather,
variability of annual rainfall was the cause of temporary
changes in vegetation cover. Notwithstanding these critical
notes, the general notion of desertification continued to be
based on ideas like Stebbing’s.
Discussions about desertification that were quite lively
during periods of drought from the 1920s until the 1940s all
but vanished when weather conditions were wet during the
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Table 1. Changing conceptualization of desertification and underlying discourses in ecological sciences and regarding natural resource
management.
Problem vs. change
People-environment debate
GEM vs. Populist discourse
Malthusian vs. Boserupian thinking
Equilibrium vs. nonequilibrium
paradigm

Desertification

Environmental change as a problem, as
degradation
Land degradation and desertification due to
human actions
People cause desertification
External interventions necessary
Overpopulation and overgrazing exceeding
carrying capacity cause land degradation
Movement away from equilibrium is disruption of
system
Human and natural systems can be seen as
independent of each other

Environmental change not necessarily a
problem; can be deliberate change
People suffer due to climate change and harsh
climatic conditions
Local land users use land sustainably but are
hindered by external actions
People have adaptive capacity to deal with
population pressure in sustainable ways
Environment is resilient and shows resistance to
change
Complex reality of social-ecological interaction

Human mismanagement major contributor to
desertification and reduced rainfall amounts

Climate variability as normal feature of arid and
semiarid climates; desertification as form of
land degradation and climate change as a
contributor

1950s and 1960s (13). Le Houérou (14) argued that desertification was also visible in the 1950s and 1960s. The term
‘‘desertification’’ was popularized again at the 1977 United
Nations Conference on Desertification that was held after a
decade of severe drought in Africa (17). At that conference,
‘‘desertification’’ was defined as ‘‘a reduction of the land
production potential in arid, semi-arid and dry sub-humid
zones, that may ultimately lead to desert-like conditions’’ (18).
It was generally agreed that the problem was caused by human
population growth exceeding the carrying capacity and by
inappropriate land use. Indicators and hazard estimators of
desertification, which emphasized human-induced causes of
desertification, were identified to assess and map desertification
(18, 19). Although some researchers were very skeptical about
the identified causes of desertification, these remained generally
accepted, strengthened by the United Nations Conference on
Desertification and a report by the United Nations Environmental Programme (20).
These developments of the desertification concept kept pace
with contemporary ideas that had developed from biological
sciences and that were based on the belief that nature was in
balance. In the first half of the 20th century, the biologist
Ludwig von Bertalanffy had developed a systems theory (21,
22). A system is a model of general nature and can be defined as
‘‘a set of elements standing in interrelation among themselves
and with the environment’’ (21). A system can be seen as a black
box with an input and an output and has the central notion of
stability; disturbances are controlled through linear feedback
processes.
Until the 1970s, most ecological studies had departed from
the presumption of a nature in balance in which notions of
stability and equilibrium played key roles (23–27). An
ecosystem is a self-regulating system, maintaining itself through
feedback processes. It shows resilience; it has the ability to
return to its old situation after a disturbance or to adapt to a
new situation. When a disturbance is too severe, a system’s
adaptive capacity decreases to a level at which it is no longer
able to cope with disturbances. The result is an ecological crisis.
Examples of ecological crises are climate change and desertification.
Many studies on natural resource management have been
derived from these concepts of ecology and systems theory.
Leach and Mearns (23) have summed up 3 prevailing ideas and
theories that are based on the nature-in-balance paradigm,
which have greatly influenced debates in ecological science
about human-environmental interactions and which have
shaped the desertification concept.
i) The ‘‘climax vegetation community’’ states that each
Ambio Vol. 37, No. 5, July 2008

climatic zone supports its own type of vegetation in the
absence of disturbance. Clements, a highly influential
ecologist in the first decades of the 20th century, wrote
about plant succession and the development of climax
vegetation (28). The equilibrium between climatic factors
and vegetation within a natural environment is disturbed by
human interaction.
ii) The second idea presumes a causal link between reduced
vegetation cover and decreased rainfall. This idea was
already prominent among scientists in British and French
colonial empires (15). A direct link was seen between
deforestation and climate change. It resulted in the
establishment of forest conservation areas in tropical
colonial areas to protect these areas against climate change
(29). This idea was verified in the 18th and 19th centuries.
Arid tropical areas were considered as having been more
densely vegetated and in receipt of more rainfall. There was
disagreement about the causes of this process of increased
dryness. Some scientists saw it as a result of natural
processes, while others saw it foremost as the result of
human mismanagement (29).
iii) The third theory has its foundations in the Malthusian line
of thinking. In 1798, Malthus wrote his ‘‘essay on the
principle of population,’’ in which he explained his
pessimistic view about the inevitable effect of an increase
of population size beyond the environment’s carrying
capacity on food supply. He argued that there are limits
to growth; the world is finite and can only support a finite
population (30, 31). Many scientists embraced his ideas.
Human mismanagement and population growth disturb the
natural equilibrium, causing such processes as land degradation (15, 26, 30).
In spite of some disagreement on the paradigm of balanced
nature, for most of the 20th century, the sciences on natural
resource management remained dominated by this paradigm
(24, 27, 32). Discourse on the equilibrium-based conceptualizations of environmental problems and the impact of human
actions on the natural environment initiated a shift towards a
more nuanced view on ecological crises. This discourse
influenced further developments of the desertification concept.

CHANGING CONCEPTS OF DESERTIFICATION
A danger of equilibrium thinking has been the tendency to see
environmental change as a movement away from equilibrium or
a stable state and thus as problematic (Table 1). Agnew and
Warren (33) discussed the failure to distinguish between
environmental change and environmental problem. Environ-
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mental change refers to any change in the physically observable
facet of the environment, and environmental problem refers to
environmental issues that affect people’s livelihoods. The
relation between these 2 concepts has been assumed more often
than it has been demonstrated because of the paucity of data,
confusing definitions, or temporal and spatial variability in
environmental processes. The confusion of definitions has
played a major role in the inability of institutions to address
the actual problems. Stroosnijder (34) refers to the need to
distinguish between land degradation, which is an environmental problem, and land development, which concerns deliberate
changes in land use.
Binns (17) refers to the discussion around the environmental
problems of Africa as the ‘‘people-environment debate.’’ On one
side, people adhere to the idea that the environment is the
victim of people: human action is causing degradation and
desertification. On the other side is the opinion that people are
victim of the environment; they suffer under the effects of
climate change or the harsh living conditions in arid and
semiarid environments. Similarly, Herrmann and Hutchinson
(35) refer to the Global Environmental Management vs. the
populist discourse. According to the Global Environmental
Management discourse, people cause desertification, of which
they are at the same time the victims. Scientists, aid bureaucrats,
and national civil servants are depicted as heroes who provide
solutions to environmental problems. In the populist discourse,
global capitalism, transnational corporations, and northern
consumers are the ‘‘bad guys’’ whose actions have caused a
marginalization of local farmers and pastoralists, while the local
people are considered both as victims and as heroes capable of
sustainable management of their natural environment.
The effect of rural population growth on agricultural
production and the natural environment of Africa has been
another point of discussion. According to the Malthusian line of
thinking, the increased demand for food induces unsustainable
intensification and extensification of agriculture (15, 30). At the
other end of the discussion spectrum, there is the Boserupian
line of thinking of adaptive intensification of agriculture (36–
39). This concept posits that local land users are capable of
sustainable land use, even under increased population pressure.
The well-known Machakos case study (39) showed how
population growth increased the sustainability of agriculture
through innovative and adaptive strategies.
Since the 1970s, ecologists have moved on from the notion of
nature in balance. Past policies on natural resource management were based on 2 erroneous assumptions: that ecosystems
have 1 static equilibrium (24, 26, 27, 40) and that human
systems are independent from natural systems (41, 42).
Currently, equilibrium is considered to be far from a practical
reality (27). It takes different forms, constantly fluctuates
around a mean, and is metastable in the sense that at certain
threshold values the equilibrium goes up or down a level, to an
alternative stable state (27, 43, 44). Ecosystems can be defined
by 2 properties: resistance and resilience (27, 45). Resistance is
the ability of a system to return to a state of equilibrium after a
disturbance. Resilience is a measure of a system’s persistence: it
is the ability to absorb changes, to learn, and to develop (41, 45,
46). The equilibrium notion is believed to be at least a
simplification of more complex realities (47).
The assumption of independent human and natural systems
has also been superseded by recent ecological insights.
Traditional ecology saw biotic components as having great
influence on the ecosystem, whereas abiotic components, such
as climatic conditions, were relatively stable. Consequently,
human activity was seen as having a highly destabilizing effect
on a system. Recent ecological insights have revealed that the
most important factors contributing to ecosystem change are
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variability of the abiotic components of a system, such as
interseasonal and intraseasonal fluctuations in rainfall. This is
especially the case in arid and semiarid tropical ecosystems, in
which there is a great natural variability in the physical
environment (27, 48, 49).
Holling (50) developed the concept of complex dynamics to
describe the evolving nature of complex adaptive socialecological systems. Because humans are intertwined with
ecosystems, resilience should be seen in the context of integrated
systems of people and nature (51, 52). Besides ecosystem
resilience, social resilience should be taken into consideration as
a factor that limits degradation. Social resilience is the ability of
groups and individuals to respond to environmental and
socioeconomic constraints through adaptive strategies (53).
Whether and how physical changes can be resisted depends on
the economic, social, and cultural contexts in which changes
take place (33). Sustainable development of a social-ecological
system is the capacity to create, test, and maintain adaptive
capacity and opportunities (50).
General assumptions made during colonial times about
desertification, deforestation, soil erosion, and rainfall decline
continued to drive much of the environmental policies in Africa
until the last decade of the 20th century (15, 29, 54, 55).
According to some scientists, these assumptions have been
made on false grounds or at least have been strongly
overestimated (13, 17, 23, 34, 56–61). They refer to the
prevailing ideas about desertification as a narrative. In the next
section, we will show how the desertification concept and the
desertification narrative have continued to evolve and will
discuss the reactions they have provoked.

DEVELOPMENT OF THE DESERTIFICATION
NARRATIVE
We showed how the desertification concept came into being,
how it has developed, and how it was repopularized in the
1970s. Desertification was seen as a human-induced process, the
most important causes of which were overgrazing, overcultivation, and deforestation (18). However, there has always been
disagreement about the exact causes and severity of desertification. No consensus exists on the extent to which human
factors are responsible for desertification (62) and what role
climatic factors play in this. The apparent desertification trends
in Africa have generated discourses among scientists, development agencies, and political institutions, some of which see
desertification as a human-induced process caused by mismanagement of fragile ecosystems, while others look upon it as a
narrative. The last group perceives desertification as a natural
process induced by climate variability, to which both people and
their natural environment show resilience (53). Local people
have developed adaptive strategies to deal with disturbances.
Swift (13) has written extensively about the history of the
desertification concept and about the desertification narrative
that developed out of criticism of the conceptions of the
problem. Swift describes desertification as ‘‘a set of ideas about
the environment that emerge in a situation of scientific
uncertainty and then prove persistent in the face of gradually
accumulating evidence that they are not well-founded’’ (13).
Claims made by means of these narratives continue to be
propagated for political and economic ends (26). Some refer to
the ‘‘institutionalization’’ of environmental issues (33, 35).
Natural resource management policies were based on outdated
paradigms of environmental problems and their causes (33).
Swift is skeptical about the desertification narrative, not
because the narrative is false per se, but because it has been
politically very influential, even though it has been based on
disputed and poorly researched ideas.
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Discussions about desertification arose during or shortly
after drought periods when vegetation cover was reduced due to
water shortage. The desertification narrative was conveniently
used by national governments to claim that local land users
were not capable of using the land in a sustainable way;
pastoralists in particular were accused of being unsustainable
land users. Desertification was used by governments to try to
change the resource management practices of local land users. It
was not seen as a politically charged or controversial concept.
Aid agencies used the desertification narrative as a justification
for increasing the number of requests for aid (13). The narrative
was also convenient for scientists; their idea of climax
vegetation destroyed by overgrazing fitted perfectly into the
picture of desertification (13).
Political and economic interests have influenced land
degradation discussions (29, 63) through environmental and
policy narratives that demonstrate the problem and its causes
(13, 23). According to Swift, the misplaced attention on the
desertification debate diverted the focus from effective approaches to control soil erosion and land degradation processes.
The geographical extent of the desertification narrative went
from studies at local scale, mainly from the West African Sahel
zone, to higher levels and created generalizations of areaspecific environmental phenomena. These generalized ideas
about desertification have also been extrapolated to semiarid
East Africa. Macroscale assessments of land degradation have
offered powerful messages to policy makers, however, with the
risk of oversimplification and generalizations that have led to
conflicting reports of degradation processes at the microlevel
(64). Conclusions can only be drawn after profound areaspecific research that takes into account the area’s current and
historical ecological and social situation (23, 26, 34, 61).
What seemed to be a value-free and political neutral concept
in the 1970s has become a highly politicized construct. The
desertification narrative has generated good discussions and
new insights into the area-specific causes and appearances of
desertification. Since the 1990s, more accurate and useful
methodologies have been developed that are participatory,
concerned with the actual users of the natural resources, and
based on the indigenous knowledge and institutions of local
land users (13). At the 1992 United Nations Conference of
Environment and Development, diverging insights were combined into a redefinition of desertification. The new definition
emphasizes that desertification is not only human made but also
related to such natural factors as climate variability and change.
The International Year of Deserts and Desertification in 2006
renewed interest in the urgent problem of desertification. The
need for action and increased awareness has been stressed; as
much as one-third of the Earth’s surface and more than a
thousand million people are threatened by desertification (65).
There is, however, little consensus on the appropriate way to
assess desertification locally (34, 66).

NEED FOR A LOCAL PERSPECTIVE FOCUSING
ON DROUGHT
It has proved very difficult to lay the desertification narrative to
rest because it would undo decades of research and international debates on environmental processes and interventions
(67). Studies in West Africa had shown that vegetation cover
had diminished, which was proof of desertification (68).
Satellite images from the first half of the 1980s show an
expanded Sahara desert, and later satellite images show a
retreat of the desert. Critics of desertification argue that the
environment is much more resilient than previously thought. It
could be concluded that the notion of desertification is
erroneous or at least that it has been overestimated (68).
Ambio Vol. 37, No. 5, July 2008

Satellite images merely show vegetation borders and provide
no information about biodiversity or the quality of the
vegetation cover. There has been a gradual change in research
towards the view of a complex landscape that is constantly
changing rather than just degrading, a process that may always
have been evident to local land users (67). A study by
Hutchinson showed that a growing portion (up to 17 %) of
variability in vegetation cover cannot be explained by erratic
rainfall but might be related to management practices (69). He
argues that degradation processes are spatially complex and
are no definite proof of the truth of the desertification narrative
(69).
Koning and Smaling (70) have collated the opposing views of
agronomists (71), who generally adhere to the desertification
narrative and of social scientists and ecologists (72), referred to
as critical authors, who reject the idea of ecological equilibrium
and adhere to a coevolutionary vision of complex dynamics
between ecological and social systems (73). The critical authors
have made some valid claims that can be summed up as ‘‘soils
evolve in a complex way, farmers play a key role, and attempts
at improvements should be linked to their knowledge’’ (70).
However, on certain tough realities, they have no option but to
agree with the agronomists. One such reality is the nutrient
depletion in parts of Africa that has been induced by processes
of soil degradation, denitrification, and leaching. Indeed, from
many studies it appears that decreased soil fertility is a problem
(74–78).
However, one should be careful when making generalizations, because other studies have shown opposite trends (26, 58,
64). Studies demonstrating the adaptive capacity of local land
users towards environmental recovery cannot be generalized
(79). The Machakos case study has been criticized for its lack of
historical insight and the use of selective information (79, 80).
Notwithstanding the fact that desertification cannot be put
aside as a narrative, there are some observations to be made
regarding the concept. First, desertification has a wrong
connotation for many people: an image of extending sand
dunes of the Sahara desert devouring villages and fields.
However, this is not the reality in many semiarid areas of East
Africa that are said to be suffering from desertification. Second,
over the years, interpretations in terms of causes and effects of
desertification have changed, and, ultimately, desertification has
developed into a very broad and vague concept whose causal
factors form a complex net of interactions among physical,
biological, political, social, and economic factors (1). It has
become an almost incomprehensive and unmanageable concept
to use in practice. Studies addressing desertification require an
area-specific approach that does not try to grasp the entire
complex concept. For these reasons, we prefer to use the term
‘‘land degradation,’’ and we argue that there is a need for an
alternative scientific focus to approach the pressing problems of
decreased productivity and food security that is more neutral
and simpler and that accommodates local perceptions.
In the past 20 years, more attention has been paid to
stressing the distinction and interrelatedness between drought
and desertification (14, 18, 81). Desertification is considered to
be a process of degradation of land resources that reduces
productivity (13, 69, 81) in certain climatic zones. Drought is a
recurrent and normal feature of a climate, a natural hazard (1,
81) that causes temporal changes in productivity. Temporal
changes may easily be confused with long-term degradation (7,
68), especially during a succession of dry years.
Drought seems to occupy the middle ground in the
discussion about land degradation. Development actions in
semiarid East Africa focusing on land degradation have met
with limited success because local land users do not prioritize
land degradation as major problem. These land users often
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Figure 1. Causes of agricultural
drought. Meteorological drought
is directly linked to drought,
whereas soil water drought and
soil nutrient drought cause
drought indirectly by increasing
vulnerability to drought.

perceive drought as their limiting factor for reaching higher
production levels. Although climate variability cannot be
influenced easily and directly, it would be possible to reduce
the vulnerability of people and their environment to the effects
of drought. In the next section, we will discuss different drought
concepts, developed in the past, that can help reconcile the
paradigms of scientists, development agencies, political institutions, and actual land users and thereby create common ground
for sustainable agriculture in semiarid East Africa.

AGRICULTURAL DROUGHT FRAMEWORK
Studies on long-term rainfall trends for semiarid East Africa
give no undisputable proof of abnormalities and thus have not
confirmed farmers’ beliefs that drought has become more
frequent (12, 82–85). However, the causes of drought can be
more complex than a rainfall deficit (51). It is not only an
absolute rainfall deficit that causes drought. A relative water
shortage as a result of an unfavorable rainfall distribution or
land degradation processes can also cause drought-like conditions to occur. These processes influence the efficiency of the
rainfall. Farmers rarely link these processes directly to land
degradation and may perceive them as drought (46).
In an article on the role of drought in range management,
Thurrow and Taylor (86) state that users of degraded
rangelands have often claimed that droughts have become
more frequent and severe, while the long-term trend of temporal
and spatial precipitation has shown no change. Less productive
years were identified by farmers as drought years. In cases in
which there was no evidence of meteorological drought,
Thurrow and Taylor refer to this ‘‘drought paradox’’ as some
form of agricultural drought and attribute it to degradation of
vegetation and to processes of soil erosion and soil crusting.
Others draw similar conclusions (12, 43, 46). Rietkerk (87)
claims that soil water and nutrient availability diminish through
soil degradation processes. These processes increase the
vulnerability of a soil to drought (Fig. 1), and they reduce the
capacity of an agroecosystem to absorb environmental shocks
(51). Environmental conditions, such as soil water and nutrient
availability, and vegetation cover show not only temporal
variability but also microscale spatial variability (88, 89), which
may explain why farmers do not experience similar drought
conditions at a certain moment and within a small area.
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Because drought affects many social and economic sectors,
scientists in a wide range of disciplines have conceptualized it in
different ways (90). Conventional notions of drought focus on
biophysical phenomena identified by scientists. These completely bypass the way local land users perceive their physical
environment (12). How drought affects people’s lives depends
on their personal situation. Thus, drought cannot be viewed
solely as a physical event; the social impacts should also be
taken into consideration, because judgments about a drought’s
severity and impacts are culturally defined (91).
Fieldwork in West African Burkina Faso has revealed that
farmers have different perceptions of drought compared with
scientists working in natural resource management institutions
(92). The scientists considered drought within a narrow
meteorological framework: a rainfall deficit compared with an
average expected amount. However, farmers had a broader
perception of drought that included land degradation processes
(92). Stroosnijder (12) distinguishes 3 drought components
based on insights into the inter-relation between drought, land
degradation, and biological productivity from the perspective of
farmers. These drought components are dry spell drought, soil
water drought, and soil nutrient drought. Each of these drought
components will be explained below, as part of an ADF
(Table 2).
The ADF focuses on a broad concept of drought that
accommodates both scientists’ and farmers’ concerns. Within
this framework, ‘‘agricultural drought’’ refers to drought-like
plant stress that depresses crop growth, crop development, and
crop production and that is caused by a shortage of water in
the crop’s root zone, a shortage of nutrient availability for
the crop, or both. ‘‘Dry spell drought’’ is part of what is called
‘‘meteorological drought.’’ The ADF contains indicators for
each of the 3 drought types and factors that influence
agricultural drought vulnerability (Table 2).

Meteorological Drought
The word ‘‘drought’’ is most commonly used to refer to
meteorological drought. Efforts have been made to design a
universal definition of meteorological drought that would fit all
localities and situations. These definitions reflect climatic
abnormalities and are based on a deficit of rainfall from a
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Table 2. Agricultural Drought Framework containing 3 types of drought, their indicators, and general factors that influence vulnerability to
drought.
Definition
Meteorological drought

Drought indicators

A situation in which agricultural production is limited
due to below-average seasonal rainfall amounts or
due to unfavorable intraseasonal rainfall
distribution

Soil water drought

Root zone reserves are insufficient to sustain crops
and pasture between rainfalls in spite of sufficient
rainfall

Soil nutrient drought

Nutrient availability for the plant limits crop growth,
crop development, and crop production in spite of
available water

long-term average. The hazard posed by meteorological
drought depends on the rain’s timing in the season together
with other climatic factors, such as temperature and wind (93).
However, perceptions of the meaning of meteorological drought
vary significantly. Extended research on meteorological drought
and drought mitigation in Europe has shown that it is
impossible to make 1 single definition of meteorological
drought, because any approach to define it reflects regional
and ideological differences (90, 94). What would be considered
meteorological drought in a humid area may be considered a
wet year in a semiarid area.
Semiarid areas of Africa have great rainfall variability
between and within years and have a high atmospheric water
demand (95). Within the ADF, meteorological drought is
conceptualized as a situation in which agricultural production is
limited due to below-average seasonal rainfall amounts or due
to unfavorable intraseasonal rainfall distribution.
Indicators of meteorological drought are total seasonal
rainfall and intraseasonal rainfall distribution. Within a year,
the total amount of rainfall may be normal, yet extended dry
spells within the rainy season may cause total or partial crop
failure (95). This type of meteorological drought can be termed
‘‘dry spell drought’’ (12). The timing of dry spells within a crop
season is crucial for later crop development or even for crop
survival. In the initial stage of a plant’s emergence and in the
stages of crop development, a plant is especially vulnerable to
dry conditions.

Soil Water Drought
Rainfall deficit and unfavorable rainfall distribution are not the
only causes of agricultural drought. Soil water drought occurs
when there is a deficit of soil water in the root zone for
sustaining crops and pasture in between rainfall events (94)
where rainfall has been sufficiently available. Various land
degradation processes negatively influence soil physical properties (12) and ultimately decrease a soil’s water infiltration
capacity and water-holding capacity (Fig. 1). This reduces
rainwater use efficiency and increases a soil’s vulnerability to
soil water drought.
Soils in semiarid African ecosystems are susceptible to soil
water drought. Naturally, the vegetation cover is not very
dense. As a result of low biomass availability, soils are low in
soil organic matter. Soil organic matter enhances a soil’s
capacity to store water. Rain showers in this climate zone have
a high intensity and are highly erosive; land with a sparse
Ambio Vol. 37, No. 5, July 2008

Annual rainfall

Influences on
drought vulnerability
Natural soil properties
Location of land
–In topo-sequence
–Slope

Intraseasonal rainfall
distribution

Other weather conditions
–Sunshine
–Wind

Infiltration capacity
Water-holding capacity
Soil organic matter
Water use efficiency
Nutrient content
Soil organic matter

Land management
practices
–Cultivation technique
–Timing
–Crop type
–Crop variety
–Fertilizer/manure
–Crop residues
–Fallow
–Soil and water conservation

vegetation cover or fields with crops in an initial development
stage are especially vulnerable to soil erosion. Little rain water
is trapped by the sparse vegetation or juvenile crop. The less
water infiltrates the soil, the more water will run off and the
higher vulnerability to soil degradation there will be (96). Soil
depth decreases as a result of soil erosion, which will reduce the
soil’s water-holding capacity. Another effect of soil erosion is
surface sealing, which reduces infiltration capacity of a soil.
Mainguet refers to this reduced infiltration capacity as
‘‘edaphic’’ drought (97).

Soil Nutrient Drought
Soil nutrient drought occurs when nutrient availability for the
plant limits plant growth, crop development, and crop
production more than water availability (12). Crops require
nutrients, and a deficient nutrient uptake by a plant causes soil
nutrient drought. Nutrients are made available for crops
through such processes as mineralization of organic matter
and weathering of minerals (98). Nutrients are taken up by the
roots of a plant through soil water. Soil water releases nutrients
from a soil and transports these to plant roots. Soil nutrient
drought occurs even though sufficient water is available to meet
crop needs. Not the entire stock of a nutrient available in a soil
be taken up by a plant. Total uptake of 1 nutrient available for a
plant depends on the availability of other nutrients in a soil,
according to Liebig’s law of the minimum. This law states that
plant growth is limited by the nutrient most scarcely available
according to the plant’s needs (98, 99). When the potential
supply of a nutrient is the limiting factor for crop growth, the
whole stock of that nutrient available for the plant will be taken
up. The actual uptake of other nutrients will be below their
potential supply (98); their uptake is limited by the scarcest
nutrient. When more nutrients are taken up by a plant than are
returned to a soil, nutrient stocks of a soil will gradually deplete,
increasing the vulnerability to soil nutrient drought (96).

Agricultural Drought Vulnerability
The drought vulnerability of land and its users increases when
any of the 3 types of agricultural drought occur. Whether
drought occurs and, if so, which drought type, depends on the
most limiting of all resources that plants need for their growth
and development. Each drought type has its specific factors that
influence drought vulnerability. Different drought types can
occur concomitantly within an area and successively in time. It
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is difficult to look at each of the 3 drought types in the
framework as isolated processes. Drought types are linked in
causal factors and effects and, as such, influence each other.
Therefore, it is important to consider agricultural drought as a
whole when studying drought vulnerability. There are general
factors that influence all 3 drought types and thereby
agricultural drought vulnerability (Table 2). These general
factors can be divided into 4 categories.
First, every soil type has its intrinsic properties that influence
water infiltration and water-holding capacity. Clay soils have a
low infiltration capacity, especially when the soil is dry, but
their water-holding capacity is high. Sandy soils, on the other
hand, have high water infiltration and low water-holding
capacities.
Second, the slope of the land and the location within a toposequence influence soil moisture content. Sloping land has more
run-off than flat land. The location in a topo-sequence
influences the soil properties and water availability as well.
Runoff contains soil particles and nutrients from uphill. These
soil particles and nutrients are deposited on bottom land; as a
result of this sedimentation, the bottom soils are deep and fertile
compared with soils higher up in the topo-sequence.
Third, besides a season’s total rainfall amount and its
intraseasonal distribution, other weather conditions play a role
in drought vulnerability. Soil water evaporates faster in a hot
and sunny dry period than in a cool and cloudy dry period.
Evaporation also increases with wind speed.
Fourth, a soil’s drought vulnerability is influenced by land
management practices, because land management influences
water use efficiency (12). Deeper cultivation allows water to
infiltrate more easily but simultaneously has the risk of reducing
soil fertility when less fertile subsoil is mixed with more fertile
topsoil. The timing of agricultural practices is crucial in an area
in which rain may come in only a few concentrated rain
showers.
A crop’s water and nutrient requirements differ for each
development stage, as does a crop’s drought vulnerability. The
latter is dependent not only on the crop’s development stage but
also on crop type and crop variety.
Each crop has its own soil fertility requirements. Soil fertility
management is an important influence on drought vulnerability.
The use of fallow, manure, compost, and crop residues will
increase the soil organic matter content and will diminish
drought vulnerability. However, it should be taken into account
that the availability of these resources is limited in semiarid East
Africa. It was shown that land around the homestead and land
used by rich farmers have a higher fertility status (100).
The use of conservation technologies, such as SWC measures
(12), rainwater harvesting (101), and conservation agriculture
techniques (102), helps in several ways when these are carefully
selected according to local conditions and use of the land. It
stimulates the infiltration of water into the soil, thereby
reducing runoff. When using a combination of SWC measures
and other practices that stimulate land cover, water holding,
and water infiltration capacities, the runoff will be more
manageable. This will improve the efficacy of SWC structures
during intensive showers. With less erosion, fewer nutrients will
be removed by runoff. Some conservation techniques increase
biomass and will have a positive influence on soil organic matter
content, whereas others reduce evaporation by increasing soil
cover (12, 102).

HOW TO REDUCE AGRICULTURAL DROUGHT
VULNERABILITY?
The objective to reduce agricultural drought vulnerability is a
challenging one. In semiarid East Africa, soils are generally
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poor; rainfall is erratic, and when it falls, it often comes in
highly erosive showers. Even within an area of uniform rainfall
distribution, soil moisture and nutrient contents vary due to a
variety of factors, as explained above. Complex relations
between soil, water, and plants influence agricultural drought
vulnerability. There is no straightforward way to assess
agricultural drought vulnerability. It depends not only on such
biophysical factors as climate conditions and soil properties but
also on such management factors as land use and the
management practices of local land users and their strategies
to cope with drought. The farmers who live in this region have a
limited availability of resources. Efforts to reduce agricultural
drought vulnerability should therefore be area specific and take
into account local perceptions and management practices.
Efforts that strive for more efficient use of rainwater most
likely target agricultural drought. Studies in the south of the
Sahel show that of every 100 mm of rainfall, only 10 to 30% is
actually used by vegetation (62, 103), while 30 to 50% of the
infiltrated water will finally evaporate and 10 to 30% will
disappear through underground flow. Another 10 to 25% of the
rainfall will run off immediately (62). A useful approach
developed within the discipline of ecohydrology focuses on this
partitioning of rainfall. This approach divides rainfall into
productive and unproductive and into green and blue rainwater
(62). The portion of rainfall that infiltrates the root zone will
partially be used by crops and vegetation; it is termed
‘‘productive green water.’’ The remaining portion of green
water will evaporate and is unproductive at that moment. The
portion of the rainfall that disappears through overland and
underground flow, blue water, does not contribute to production in that area and therefore is unproductive at this scale.
More efficient use of rainwater can be achieved by reducing
biophysical deficiencies that cause agricultural drought (104).
The most obvious and commonly known way to reduce rainfall
deficiencies is to optimize blue water use through rainwater
harvesting and supplemental irrigation (104). This reduces the
vulnerability to dry spell drought (105). However, more can be
gained by using an integrated approach that targets the
productive use of both blue and green water. This can be
achieved by improving soil water and soil nutrient properties.
Rockström (104) showed that an integrated water and land
management approach that improves rainwater availability and
techniques and timing of cultivation practices and soil nutrient
management practices has a positive effect on yield and water
productivity. When a bigger portion of the rainfall is eventually
used as productive green water, a practice called ‘‘more crop per
drop,’’ vulnerability to agricultural drought as a whole will
decrease. It will be a good alternative for classical SWC
programs because the starting point can be farmers’ priority
problem drought while land degradation concerns are taken
into account.

CONCLUSION: TOWARDS A COMMON GROUND
Desertification has developed into a politicized concept and has
become a very broad, complex, and vague construct. The
severity of desertification and land degradation has not always
been correctly assessed, which has led to overestimation of these
processes that cause environmental stress. Initiatives to
determine which areas in the world are threatened by
desertification and to assess causes and severity of desertification have not been very successful because different processes
take place on a local scale: each environment shows a different
level of resilience to environmental stress, and local land users
have adopted different adaptive management strategies to cope
with environmental stress.
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Over time, programs dealing with land degradation and
desertification have become more localized and participative,
which is a good step forward. However, programs still depart
from the productivity-reducing problems identified and perceived by scientists, even though local land users in semiarid
East Africa identify another priority problem: drought. This
difference in the perception of the problem limits the success of
scientists working on problems of land degradation and
desertification. A new approach is needed, one that takes as
its starting point the farmers’ priority problem of drought. It
can be the missing link towards more sustainable and
productive agriculture.
It is impossible to influence the amount and timing of
rainfall. Therefore, a more efficient use of the available
rainwater, more ‘‘crop per drop,’’ is desirable. More efficient
use of rainwater will reduce drought vulnerability. This can be
achieved by optimizing the use of rainwater that infiltrates in
the root zone and of water that otherwise disappears through
overland and underground flow, thereby reducing a soil’s
vulnerability to agricultural drought.
In this article, we have presented a framework on agricultural drought (ADF) containing 3 drought types––meteorological drought, soil water drought, and soil nutrient drought––
that concentrates on drought vulnerability. This framework
focuses on how agricultural drought influences drought
vulnerability and on how types of agricultural drought relate
to land degradation processes. The ADF directs focus to
rainwater use efficiency and offers an alternative approach to
the classic SWC programs undertaken to increase the sustainability of land and water management practices. It takes into
account farmers’ priority problem (drought) and scientists’
concern for land degradation.
The development of the ADF is only the first step towards an
approach that focuses on farmers’ priority problem of drought.
It should be remembered that the framework approaches
drought scientifically. The next and crucial step is to study
farmers’ perceptions of drought and drought vulnerability, to
answer the question of what farmers really mean when they
complain about drought, and to translate these into the
scientific drought types within the ADF.
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