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West Africa experienced severe drought from 1968
to 1993, which was all the more brutal as it
followed a very wet period from 1950 to 1967. This
drought was both exceptionally long, pronounced (a
15–25 percent rainfall deficit compared with the
long-term average, and a 25–50 percent deficit
compared with the previous wet period) and
spatially extensive since the whole of West Africa
was affected, i.e. more than 5 million km2. As the
deficit was increasingly pronounced towards the
north, it was the naturally semi-arid Sahel zone that
was most affected. Since the mid-1990s, rainfall
has returned to its long-term average level. (Ali and
Lebel, 2009; Nicholson, 2013; Descroix et al., 2015;
Descroix et al., 2018)

Vegetation and soils were severely degraded. The
length of the drought meant that even species

adapted to aridity suffered, and sometimes dried
out and perished, leaving large swathes without
vegetation. Vegetation degradation resulted in
degraded soils: large areas of bare soil were
compacted and encrusted (Albergel, 1987;
Ambouta, 1996; Cazenave and Valentin, 1992;
Valentin and Bresson, 1992).

This can be the start of a vicious circle since water cannot infiltrate encrusted soil. The
consequences are:
Excess run-off: the term Sahelian hydrological paradox has been coined because, from the
first years of the drought, small waterways that only ran through the Sahel saw their flows

increase (Descroix et al., 2012; Mahé et al., 2013). This trend has continued and even
increased with intensified rainfall and the higher frequency of extreme events. In the
endorheic areas, which represent about 50 percent of the Sahel’s surface area, an increase in
the water table was observed during the drought. These areas are fed by the ponds formed
by run-off, and their surface area, water volume, and water duration increased during the
drought because of the increase in the run-off. This was one of the first times that the
Sahelian paradox was observed (Leblanc et al., 2008).
A water deficit in the soils in which water no longer infiltrates as this situation continued
after the return of rainfall, it is said that the climatic drought was followed by an edaphic
drought (soil drought) (Descroix, 2018).
Aridification of the environment (with reference to desertification).
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The population of West Africa is growing very rapidly (2.1 percent per year for Economic

Community of West African States (ECOWAS) countries and 3 percent for landlocked countries
without a coastline for 2005–2025, i.e. the inner Sahel). Over the past 30 or so years, the Sahel
countries, in particular, have had the highest population growth rates in the world. It is estimated
that the rural areas of the Sahel will be four times more populated in 2025 than in 1968 at the
onset of the drought (Tables 1 and 2). This puts pressure on space, water resources, and plant
resources, in connection with pastoral pressure, agribusiness, and land grabbing.
Table 1. Demographic data

Source: Directorate General of the Treasury, France. The population growth column is based on the United Nations and Organisation for
Economic Co-operation and Development (OECD)/Sahel and West African Club.

Table 2. Changes in the rural population in the Sahel
Table 2 shows that the rural population is
growing strongly in the Sahel, even if at a slower
rate than the urban population. The rural
population is more than three times higher than
in 1968, the beginning of the drought.

* projections
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There are also two major trends:
A widespread and spontaneous regreening of the Sahel, as if, 25 years after “normal” rainfall
returned (in terms of quantity of rainfall, while its intensity has increased significantly),
vegetation has managed to regain its place and reassert its rights. Attested mainly by remote
sensing, this regreening was mainly due to herbaceous plants between 1990 and 2010. Since
then, it has been driven by trees (which take longer to grow and therefore to be seen from
satellites) and can be seen in areas both with and without Farmer Managed Natural
Regeneration (FMNR) or non-governmental organization (NGO) actions. It is therefore
essentially spontaneous. Advocates of the FMNR method show that it is very effective and

that it is behind regreening in certain regions (Larwanou et al., 2006; Reij et al., 2009), which is
very likely, albeit debated (Crawford et al., 2016). Nevertheless, density is increasing almost
everywhere. Rain use efficiency, defined as net primary productivity (NPP) divided by rainfall
(R), is also increasing, but at a slower rate. An overview of the areas where vegetation density
has increased the most and where it has decreased the most has been mapped in Descroix
(2018).
The undeniable emergence of dense and perennial agrosystems and the spread of highly treefilled agrosystems is being seen throughout the Sahel, often, but not exclusively, dominated by
an increasingly dense network of Faidherbia albida. The acacia (a legume) is a somewhat
“magical” tree in the Sahel as, besides its high capacity to store nitrogen from the air in the soil
(which fertilizes soil), its staggered phenology allows it to offer welcome shade during the long
and hot dry season and to lose its leaves during wintering, making agriculture possible under
its crown. In addition, its branches and leaves make excellent fodder. NGO activities have had a
very significant impact on this regreening locally, such as in the Maradi Region of Niger.
However, as they have above all promoted an ancestral practice, perhaps these NGOs have
only accelerated a pre-existing very positive trend. In Senegal, in the heart of the groundnut
basin or in the rice fields of northern Casamance, everything is done to preserve the ancestral
presence of “cades” (Faidherbia albida). This is likely also the case elsewhere, although NGOs
have undeniably played a role in disseminating this ancestral practice, which is rooted in local
knowledge.

There are certainly still manifestations of desertification, which are lasting consequences of the
1968–1993 dry period, with (1) Areas where water continues to run off the crusted soils: for
example, on some hardened plateaux in the “halo” of deforestation around the city of Niamey.
These sparsely populated areas are overexploited to supply Niamey with charcoal and wood (98
percent of households cook with these two types of fuel). (2) Degraded areas can also be observed
around some boreholes, due to the high density of livestock. (3) Areas that are being abandoned by
rice growers in the rainy areas that have a long dry season (eight months) in Casamance and

Guinea-Bissau. (4) Areas of ‘new land’ offered to Senegalese groundnut growers in the 1970s to
compensate for losses in groundnut yields due to the ongoing drop in rainfall. In these areas, which
have between 50 and 70 inhabitants per km2, there are no trees.
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In contrast, the heart of the Senegalese groundnut basin, 50 or 100 km further north and west, has
250–400 inhabitants per km2 and is one of the most beautiful acacia parks in the Sahel strip, along
with those of southern Zinder and South Maradi in Niger, regions which themselves have much
higher population densities than the plateaux near Niamey.
Perception of desertification and regreening
Desertification, and the “sahelisation” of

Sudanese areas, was the subject of numerous
studies in the 1970s and 1980s (Olivry, 1982;
Pouyaud, 1987; Albergel and Valentin, 1988;
Luxereau and Roussel, 1997) and a terrible
fate for the inhabitants that lost herds and
crops. How are these trends perceived by:

a. The population?
Despite the work of Luxereau and Roussel
(1997), among others, on the role of trees,
population surveys are yet to be carried out.
Most likely, the population’s perception is very
much defined by the “single mindset” of
governments, NGOs, local politicians, and
leaders of agricultural networks. However,
there is a general sense of an imbalance
between the population and resources, a
“desertification” characterized by a decrease
in biomass and agricultural yields.

b. Scientists?
From the onset of the drought, most researchers noted a drastic reduction in plant cover, linked to
both the drought and the need for farmers to greatly increase cultivated areas due to the drop in
yields caused by reduced rainfall. This reduction in plant cover became even more marked when

moving northwards towards the aridest areas and around the scarce water points. The exposed
soils were weakened, eroded, and washed away by wind and water erosion. Soil crusting can be a
lasting effect that prevents infiltration and continues to make the soil impermeable even after a
drought ends.
Today, the regreening of the Sahel is indisputable and no longer the subject of much debate, having
been confirmed year after year since the 1990s. Until the early 2000s, the trend was still uncertain,
and debates were lively, but since about 2005, the trend has been confirmed year after year. This
trend is linked to the return of around-average annual rains but also owes much to progress in the
governance of natural resource management at the local level.
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It does not extend to certain areas where soils have not recovered their water-retention capacity,
such as the Middle Niger Basin (Descroix et al., 2012; Descroix et al., 2018), where the run-offs
that led to the record black (Guinean) then red (Sahelian) floods of 2019 and 2020 were formed.
The latter had dramatic consequences for the city of Niamey (Tarchiani et al., in press). Regreening
has been found to be linked to the growth of woody plants (Brandt et al., 2018; Brandt et al., 2019;
Brandt et al., 2020). Dryland desertification, and even the desert, shows a surprisingly high tree
density (Brandt et al., 2020).

Figure 1. Percentage change compared with rainfall average from 1900 to 2015 (Descroix et al.,
2018)
Because of the strong correlation between regreening and the return of rainfall, researchers had to
use new indexes to show that the soils had also been able to recover their structural quality and, in
particular, their water-retention capacity. The ratio of net primary productivity (NPP) to rainfall (R),
called rain use efficiency, is used to better account for the conservation or restoration of
vegetation and soil properties in semi-arid areas. Fensholt and Rasmussen (2013) calculated and
mapped the evolution of this index between 1982 and 2010 over the Sahel, showing a robust,
positive evolution. To obtain an even less questionable trend on a trend measured using satellite
data, Dardel et al. (2014) used the residuals of the NPP/R ratio regressions.

The linearity of the NPP/R ratio was analyzed and shown to have no impact on rain use efficiency
and the interpretation of residuals. In some areas of the Sahel, an increase in the run-off was
observed while rain use efficiency values remained stable. The divergence of these two indicators
of ecosystem resilience (stability of rain use efficiency) and land degradation (increase in run-off)
has been described as “the second Sahelian paradox” (Dardel et al., 2014; Descroix, 2018; Descroix
et al., 2018). Dardel et al. (2014) showed that, in the Malian Gourma, it is the areas of shallow soils
that are characterized by declining vegetation and increasing run-off.
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At the same time, the optimistic hypothesis of an increase in agrosystems’ resilience is also
advancing. This hypothesis, which is close to Boserupian thinking (Boserup, 1965), is advancing in
scientific circles, but not yet at the political or community levels, inducing a certain degree of
pessimism that persists in the corresponding networks. Boserup’s theory considers population
growth as an independent variable that is a major factor in agricultural development. It, therefore,
opposes the Malthusian reasoning that food supply has no elasticity, making it the factor
governing population growth. This implies that higher population densities spontaneously
encourage rural activities to intensify.

In fact, FMNR – which is estimated to be practiced by half of the farmers in Niger (Larwanou et al.,
2006; World Resources Institute (WRI), 2008; Reij et al., 2009) – and the actions of NGOs have only
accelerated this natural trend, which is in fact not so natural, as farmers and rural stakeholders are
involved in creating and extending these savannah parks. These agrosystems are becoming
increasingly common in the most populated areas of the Sahel. The extension of the Faidherbia
albida parks can be observed, for example, in the south of the Maradi and Zinder regions in Niger.
Such parks are already established in the central part of the Senegalese groundnut basin.
Other types of very dense and highly vegetated agrosystems are also expanding, such as:

West African mangroves (but where populations tend to be declining)
orchard areas (mango, citrus, cashew, and others), around Niamey (Niger), in northern Benin, or
in the Saloum area in Senegal
market gardening, for example in the Niayes area in Senegal, around Niamey in Niger, or in the
far north of Benin (for the Nigerian market)
the “tapades”, the highly intensified gardens of Fouta Djallon (Guinea).

This expansion, which follows and accompanies the increase in population density and urban
demand follows a Boserupian (anti-Malthusian) pattern.
Strengthening agrosystems: what about production?

The return of the rains during the 1990s was followed by a return to the inter-annual variability
observed before 1950, along with very wet and very dry phases (Balme et al., 2005; Balme et al.,
2006). For both agriculture and hydrology, the structure of the rainy season in terms of rainfall
events is often more critical than the annual accumulation (Balme et al., 2006). Balme et al. (2005)
were correct, showing that “in the Sahel, the food security of a majority of the population depends
on the cultivation of food grains such as millet or sorghum” and that “population growth over the
last 50 years has led to an increase in the proportion of cultivated land (fields, fallow land,
pastures), threatening to saturate the exploitable land. This proportion rose from 30 percent in

1950 to 80 percent in 1992 in the Niamey region and from 28 percent in 1961 to 46 percent in
1996 across the Sahel strip (Guengant and Banoin, 2003). This situation is part of a difficult
environment and climate, which has low-fertility soils and low and irregular rainfall, subject to
great spatial and temporal variability.”
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These authors concluded that there was a need to better predict the start date of the rainy season
(and thus to better study and understand the mechanisms of the monsoon), which was one of the
justifications for the African Monsoon Multidisciplinary Analysis (AMMA) programme that was just
starting out in 2003 (Balme, 2005). This refrain and the importance of ideal sowing dates were

taken up and revisited more recently by Sultan (2012) and Sultan et al. (2015). But good farming
know-how generally prevails and caution always guides farmers’ choice of sowing dates. Farmers
are always at the mercy of an early dry spell, and in any case, cannot plow (and seed) all their plots
at the optimal time.
However, as shown in Figure 1, the large Sahelian countries have a high level of self-sufficiency in
cereals, with the exception of those where rice is the main cereal consumed (Senegal, the Gambia)
or countries with a Saharan climate (Mauritania, Cabo Verde). For the three inner Sahelian
countries, rice accounts for the very small share not supplied by local agriculture, as it is the only
cereal in which these countries are not self-sufficient. Mali, having significantly increased its rice
production between 2008 and 2016, has become self-sufficient and virtually an exporter. Other
interesting developments include the yields of all cereals, which have increased roughly in line with
population growth since the end of the drought in 1994, particularly in Niger, where yields were
very low and have more than doubled from 350 kg per hectare in 1995 (Guengant and Banoin,

2003) to over 800 kg per hectare in recent years (FAOSTAT, 2015). Apart from the Saharan states,
Senegal is the only country that has not seen its self-sufficiency improve, due to the many
difficulties affecting rice growing. Indeed, the cost price is much higher than the cost of imported
rice. Rice cultivation is also hampered by the lack of drainage in the rice fields. This has led to the
destruction of the highly productive flood-recession crop system, which has been replaced by rice
fields built from nothing, an over-investment (dams, canals) for production that remains low due to

socioeconomic and cultural factors, prices (comparative advantage of imported products near
importing ports), the political over-representation of the importing class. The Gambia has
unfortunately followed the Senegalese example. Rice cultivation in Guinea-Bissau is in competition
with cashew cultivation, which does not use the same land but does monopolize labor. Rice,
therefore, remains the “weak link” in Sahelian cereal farming, especially in coastal countries.
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Cereal self sufficiency

Figure 2. Change in food self-sufficiency (it is clear that the least outward-looking countries are
self-sufficient over time). Source: FAOSTAT 2015
Table 3. Change in cereal production in the Sahelian countries. Source: Traoré, December 2020

Moreover, globalization has consequences for regional production as a result of comparative
advantages, which negatively affect some local products (rice in particular, but also onions, palm
oil, and sugar, among others).
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Global warming will impact agricultural production
Given that rainfall has returned to its long-term average since the 1990s, as well as its interannual variability, warming is now the main factor affecting the climate vulnerability of Sahelian
agriculture. West Africa is among those regions where global warming is happening fastest
(+0.9°C between 1970 and 2010 compared with +0.7°C for the planet as a whole). Specifically,
Guichard et al. (2015) have shown that minimum temperatures have risen much more than
maximum temperatures, increasing by 3°C between 1970 and 2010 in the warmest months
(March to June) over most of the Sudano-Sahelian zone. Heatwaves are also likely to become more
frequent each year (Ringard et al., 2016; Diedhiou et al., 2018).

Projections show that due to increased atmospheric dynamics, the monsoon will bring increasing
rainfall in West Africa (Biasutti, 2013). However, Biasutti (confirmed by IPCC 2014) predicts a
disconnection between the western part of West Africa (Senegal, the Gambia, Mauritania, Guinea-

Bissau, and western Mali), which after 2035 could experience a pronounced decline in rainfall, and
the rest of West Africa, where rainfall is expected to continue to increase throughout the twentyfirst century.
Sultan (in IPCC 2014) very clearly demonstrates the impact of global warming on yields (see annex
1), estimating that the temperature rise will more than compensate for the expected increase in
rainfall and that cereal yields will fall by 7 percent by 2050 (Sultan et al., 2015, p. 220). This decline
will be even more marked in the western Sahel, where rainfall is expected to decline from 2030 or
2035 onward (Sultan et al., 2015, p. 221). Sultan et al. note the statistical uncertainties in their
estimates, linked to many factors, but conclude that we should not wait for greater certainty “to
start thinking now about adaptation measures that are both scientifically relevant and socially
acceptable, as today’s climate is already impacting the resources of rural populations” (Sultan et
al., 2015). That said, a 7 percent decline is much smaller than the potential yield increases that
could be achieved through simple soil fertility conservation practices, such as spreading manure
(possibly compound fertilizers) or compost, mulching, selecting the best seeds, regenerating
legume shoots, and, in the case of soil degradation, using zai, stone barrier and other techniques
that prevent run-off and promote water infiltration.
It is also low compared with the doubling millet yields observed in the inner Sahel (Mali, Burkina
Faso, and Niger) between 2000 and 2019. It is therefore likely that Sahelian farmers could well
compensate for this fall in yields by continuing to adopt more intensive green and beneficial
methods that will make productive agrosystems sustainable. On balance, this development also
has the advantage of mitigating global warming, given the net increase in evapotranspiration.

It could be said that the villages of the Sudano-Sahelian strip have long been “islands of village
freshness”, thanks to their mangos, neem, acacia, cheese, cauliflowers, nere (locust bean), karite
(shea tree), and other useful trees, while the towns, whose trees have been felled due to land
speculation, have become “islands of urban heat”.
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Conclusion
At present, despite past climatic shocks (drought) and ongoing changes, Sahelian countries are selfsufficient in cereals when there is no price distortion or distortion due to external geopolitical

factors. Field research not only opened up the debate on regreening but also the debate on
agrosystem resilience. Brandt et al. (2017) confirmed that agriculture and its expansion in the Sahel
also promoted forestry and regreening, contradicting the widespread belief of the negative
correlation between population density and forest cover. Indeed, at least 25 major papers were
published between 1998 and 2010 showing the regreening of the Sahel before this point was
accepted as fact.
Advancements in land governance have of course been supported by the return of the rains, though

it should be noted that the Sahelian agrosystems, which are recovering fairly well (except in the
middle Niger River Basin, where soil degradation seems to be ongoing*), suffered a terrible shock in

the 1970s and 1980s when there was strong population growth. We must do all we can to make
these agrosystems resilient to the coming shocks that are linked to the inevitable temperature
increases.
As regards agrosystem resilience, the Boserupian hypotheses (Boserup, 1965), which predict better
resilience in densely populated and occupied agrosystems, have been applied in Kenya (documented
in the famous book More People, Less Erosion by Tiffen et al., 1994), in Niger (Luxereau and Roussel,
1997), in northern Côte d’Ivoire (Demont and Jouve, 2000), in north-eastern Nigeria (Mortimore and
Adams, 2001), and across the entire Sudano-Sahelian strip (Descroix, 2018; Descroix et al., 2018).
This point of view runs counter to the more common perception of widespread desertification linked

to overpopulation, but needs to be qualified (Burger and Zaal, 2009).
This beneficial intensification has not been studied enough and warrants serious research efforts
across the entire Sahelian zone to determine its true scale, as well as the influence of climate,
populations (and demography), and public policies. The population seems, ultimately, to be the best
tool for agrosystem resilience; it is people who plant and conserve trees and it is people, more than
ever, who has a key part in tackling global warming.

*This is difficult to determine other than by satellite imagery, given that insecurity in this “three-border” area (Mali-Burkina FasoNiger) makes research work impossible.
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