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Abstract 

 

Climate change effects are already being felt across Africa. Global warming, increasing rainfall 

variability and extreme events multiplication accentuate the risks for peasants who often already have to 

deal with natural resources scarcity. Peasants are among the most vulnerable to these evolutions and 

therefore need to take adaptation measures that will secure the maintenance of their farming systems. 

Agroecology should present great potential for adaptation. Literature review on climate change in four 

climatic zones of Africa (arid, sub-arid, sub humid and humid tropical) permitted to underline major 

challenges. Agroecological practices of peasants across Africa were then inventoried through interviews 

with experts of French NGOs and African associations. Climate evolutions accelerate land degradation, 

further restrict water availability, and limit growth season length and crop and animal productivity. All 

over Africa, peasants implement agroecological practices to efficiently use natural resources for food 

production. These practices, including diversification, contribute to improve the management of all the 

agroecosystemôs components, strengthening farming systemsô resilience. Furthermore, collective 

organization reinforces peasantsô adaptation capacity. Farming systemsô adaptation could therefore lay in 

the combination of practices that improves the global systemôs functioning. However, agroecology does 

not provide with a universal solution, but with principles that can be applied to all specific contexts. 
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1. Introductio n 

Climate change effects are already being felt in various regions of the world. Some of the 

increasing energy accumulated in oceans is then distributed on Earth surface, leading to a global raise 

of temperatures over the globe. Scientists of the Intergovernmental Panel on Climate Change (IPCC) 

are modelling these climate changes to determine scenarios for the future. The most optimistic one, so 

called ñlow-emissions scenarioò, which considers a reduction of greenhouse gases emissions, expects 

global temperatures to increase by 1 to 2°C across Africa compared to mean temperatures of the 20
th
 

century, and to stabilize by 2100. A pessimistic high-emissions scenario predicts a 3.5 to 5°C increase 

in temperatures by 2100, with further warming in the following decades if emissions keep increasing 

(Masson-Delmotte, 2015). This warming is expected to be faster over Africa than over other areas, 

with greater changes over northern and southern arid regions and relatively smaller ones over central 

Africa (IPCC, 2014). Higher temperatures also affect rainfall patterns. The volume and distribution of 

precipitations in space and time are increasingly unpredictable, often implying weather extremes. 

Depending on the regions, extreme weather events such as heatwaves, droughts, heavy rains and 

floods are indeed expected to become more frequent and intense
1
. Such changes have and will have 

negative effects on agricultural productions and food security. Indeed, cultivation season irregularity, 

heat waves or water scarcity largely disturb plants growth cycles and livestock production, limiting the 

availability of foods for human populations. 

This evolution of the climate is significantly accelerated by greenhouse gas emissions resulting 

from human activities. Climate change could therefore be mitigated by a reduction of these emissions 

and an enhancement of these gases sequestration. However, even if mitigation was addressed, which 

does not appear as a priority for most countries for now, climate change would still have widespread 

effects on agricultural activities. Thus, in order to maintain and improve food security, strategies of 

adaptation need to be elaborated. African peasants, who represent 70 to 80% of farmers on the 

continent, are amongst the most vulnerable to climate change because of their geographic and 

economic situations. In some regions where present climate variability already threatens food 

production; climate change could totally inhibit agricultural activities if no measures are taken to adapt 

existing farming systems to the new contexts. There is therefore an urgent need to find solutions for 

maintaining agricultural production throughout the continent and improve working conditions. African 

peasants have developed farming systems that constantly adapt to climate variability. The 

agroecological practices they implement represent a major potential to face the challenges of natural 

                                                      

1
 See more details on climate change in Africa in Appendix 4 
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resources sustainable management and population growth. Local and international NGOs that work for 

the maintenance and development of peasant agriculture in Africa and elsewhere need to take into 

consideration these traditional and emerging peasant techniques. Innovations have a greater chance to 

be accepted and appropriated if they come from the people who actually need them. There is therefore 

a need to take an inventory and study the relevance of peasant practices in various contexts for 

adaptation to climate change.  

Some studies focus on adaptation to climate change, while others emphasize the potential of 

agroecology for sustainable agricultural production. However, the link between those two themes has 

not been investigated in deep so far. This study aims at linking climate change, adaptation and 

agroecology and therefore intends to answer the following questions:   

- Which climate changes have been observed and are projected in different climatic zones of 

Africa? How are such evolutions already influencing and expected to affect farming systems 

across Afri ca? 

- How do agroecological practices implemented by peasants contribute to their adaptation to 

climate change? 

- To which extent is agroecology relevant to face the challenges of climate change and food 

security? 

The study is geographically limited to four main climatic zones of Africa: arid, sub-arid, sub 

humid and humid tropical. First, the main trends of climate change and their implications for farming 

systems in each of the four zones of study are identified. Then, we present the agroecological practices 

inventoried in those systems which contribute to adaptation to climate change. The following part 

gathers examples of innovative combinations of agroecological practices that allow peasants to 

increase the resilience of their farming systems to climate change effects. Finally, the potential of such 

practices for adaptation to climate change is discussed, to conclude on the relevance of agroecology to 

face climate change.   
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2. Methodology 

2.1 How was the study carried out? 

Characterization of climate change major trends 

First, a literature review (scientific publications including IPCC reports, papers provided by the 

various partner NGOs) was carried out to characterize climate change observed and projected trends in 

the four zones of study, and impacts on African agriculture. In addition, discussions with two 

researchers of IRD permitted to strengthen this information. The results of this characterization were 

reviewed by several persons including NGO workers, IRD researchers and agroecology professors. 

Identificati on and presentation of relevant farming systems to study 

Then, one referent system was chosen for each of the four zones, according to two criteria: its 

representativeness of farming in the area, and its reliance on agroecological principles. This choice 

was discussed with the different NGO partners
2
 working in Africa, to finally be validated. Then, 

review of literature and discussions with experts permitted to characterize those referent systems. 

Inventory of agroecological practices in the referent systems 

Interviews were led with 16 experts from 11 French NGOs which lead projects in Africa in 

agroecology. At least one NGO working in each of the four climatic regions was interviewed, in order 

to get information for the four zones of study
3
. Interviews were led either face to face, by telephone or 

by skype. The notes taken were then transposed to finally be organized in ñreading tablesò that gather 

the major elements.   

From the ñreading tablesò and information provided by literature, all the agroecological practices 

mentioned were gathered in an Excel table. These results were sorted out according to the zone of 

study where they are implemented and presented in summarizing tables
4
. Specific information 

concerning the different referent systems was then organized in graphics and mind maps for analysis. 

Evolution of the methodology 

Initially, there was to present one detailed agroecological innovation at each scale (plot, farm, 

territory) for each of the referent system. Through the discussions with partners, it appeared more 

relevant to follow a more systemic approach. Instead of one practice per scale, examples of 

combinations of agroecological practices implemented by farmers that contribute to enhance the 

                                                      

2
 See list of people interviewed in Appendix 9 

3
 For detailed information on interview topics see questionnaire in Appendix 2 

4
 See Appendices 5 to 8 
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systemôs resilience to climate change are thus presented. New interviews were therefore led with 6 

experts of local NGOs from different African countries to get this information
5
. 

The methodology of the study is summarized in Figure 1: 

 

 

 

 

 

 

2.2 Adaptation, resilience and agroecology 

The IPCC defines adaptation as ñthe process of adjustment to actual or expected climate and its 

effects, in order to moderate harm or exploit beneficial opportunitiesò. Africaôs adaptation is ñnot an 

option but a necessityò (Boko et al. 2007, p.452). As climate trends are evolving, it will become 

increasingly important to put adaptation measures in place in order to manage and reduce the risks of 

such changes for agriculture and to build resilience. It is the only effective option for societies to face 

the inevitable impacts of climate change that mitigation cannot reduce (IPCC, 2014).  

An agroecosystem may be resilient by itself, if we let interactions between its component take 

places without disturbing them (NGO expert). Resilience is defined by the Field et al. (2012) as ñthe 

ability of a system and its component parts to anticipate, absorb, accommodate, or recover from the 

effects of a hazardous event in a timely and efficient manner, including through ensuring the 

preservation, restoration, or improvement of its essential basic structure and functions.ò  

Agroecology is based on the application of ecological concepts and principles to agricultural 

production for the optimization of agroecosytems, adding value to local resources with minimal 

reliance on external inputs. It aims at maintaining or mimicking natural balances while re-placing the 

farmer at the core of the production process. Agroecosystem management relies on traditional 

                                                      

5
 See Questionnaire in Appendix 3 

Figure 1 - Scheme of the methodology 
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knowledge through participatory approaches. According to Pretty (Pretty 1995, cited in Altieri 2002), 

the basic principles of agroecology are:  

- enhancing biomass renewal and optimizing nutrient availability and balance of nutrient flows; 

- ensuring favorable soil conditions for plant growth (organic matter management, soil cover, 

improvement of biological activity in the soil); 

- minimizing losses in solar energy, air and water; 

- promoting genetic diversification of species in time and space; 

- adding value to favorable biological interactions. 

Agroecology also includes social and economic principles: 

- social organization and local knowledge transmission 

- guarantee of decent revenue for farmers and their families 

The agroecological approach is thus multidimensional and can be applied at several scales: the plot, 

the farm and the territory, always keeping in mind a holistic view.  

2.3 Peasant agriculture 

In Africa, the majority of farms are managed by families. We will thus put an emphasis on small-

scale peasant farming systems, which are being promoted by international organizations for rural 

development and fight against poverty. Peasant farming is based on a long term vision, including 

environmental risk management to reduce farmsô vulnerability to possible shocks and ensure a 

minimum production in spite of climatic constraints. Peasants therefore aim at preserving natural 

environment while using its functions. First, they cultivate species with various characteristics and 

agronomic needs. This biodiversity constitute a natural barrier against parasitism and weeds and 

contributes to landscape preservation (maintenance of hedges, uncultivated areas, etc.). Reasonable 

size of herds allow for preservation of grasslands and woody pasturelands. In addition, they integrate 

crop and livestock productions, maintaining and sometimes improving soil fertility and tending 

towards autonomy. Secondly, peasant systems rely on very low use of chemicals. Such economic 

systems and the reliance on natural biological cycles allow limiting impact on water resource. Finally, 

smallholdersô farming systems are generally well inserted in local economics, which strengthen local 

food systems that are essential to face climate changes. All these mechanisms contribute to carbon 

sequestration and limitation of greenhouse gas emissions while favoring peasant agricultureôs 

adaptation (Confédération paysanne, 2015). 

2.4 The innovation process in agricultural systems 

Adaptation strategies may include innovation in agriculture. Innovation is defined as the 

application of resources and technological, institutional and human findings to production, generating 
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new practices, new products and markets, new institutions and organizations with increased efficiency 

(Poole, 2006). The sources of innovation are multiple: they emerge among farmers, or emanate from 

research bodies or development organizations. In all cases, all these actors must combine their efforts, 

in a collective and interactive process, to consolidate the initial concept; to adapt it to the diversity of 

environments and farms; and determine its area of validity in social and economic terms (Meynard and 

Casabianca, 2011). According to the World Bank (2006), innovations generally consist of many small 

improvements in a continuous amelioration process, rather than of radical improvements. Those 

progressive localized improvements can be difficult to detect. Furthermore, transformations may be 

considered as innovative or not depending on the point of view. Practices may be innovative in a given 

context whereas they have been implemented for a long time in another one. Innovation may 

contribute to anticipation and adaptation and appears as a way for peasants to remain competitive or 

even to survive. It implies diverse changes of practices that spread in farmer communities (Vall et al., 

2014).  

2.5 Justification and characterization of the four zones of study 

Why those 4 zones?  

Climate change effects varying from one region to another one, its impacts need to be considered at a 

regional scale. The African continent was divided according to the Köppen-Geiger climate 

classification (presented in Appendix 1). The climate of the continent is controlled by complex 

maritime and terrestrial interactions that produce various climates from the humid tropics to the arid 

Sahara. Four zones were selected which are rather homogeneous in regards to climatic conditions. 

According to the map of Köppen-Geiger, the dominant climate in Africa is the arid B (57.2%) (in red 

and orange on the map), followed by the tropical A (31.0%) 

(in light and dark blue on the map) (Peel et al., 2007). We 

chose areas that are subject to either the global arid or the 

tropical climate, so that they are quite representative of the 

heterogeneity of Africa.  Moreover, we chose to focus on 

areas where climate change is likely to seriously impact 

agricultural systems and local populations. Indeed, less 

brutal changes are predicted in equatorial and coastal areas 

(Christensen et al., 2007), which are not considered in this 

study (grey areas on the map).  

Identification and presentation of the 4 zones  

Table 1 briefly presents the different types of climates. 

Temperate and cold ones climate types were not selected as 

they are much less representative of African climates. 
Table 1 - Description of Köppen 

climate symbols  
(Source: Peel M. C., Finlayson B.L., MCMAGON 

T.A, Hydrology and Earth System Sciences 

Discussions Vol.11, n°5, 2007, p.1638. 2007) 



7 

 

Legend 

Zone 1: Arid  

Zone 2: Sub-arid  

Zone 3: Sub humid  

Zone 4: Humid tropical 

Areas not considered  

in the study 

 

Figure 2 - Delimitation of the 4 zones of study  
(adapted by Debray V. from: Peel M. C., Finlayson B.L., MCMAGON T.A, Hydrology and Earth System 

Sciences Discussions Vol.11, n°5, 2007, p.1638. 2007) 

We will study the following climate zones, which are highlighted in Table 1 and delimited in Figure 2: 

Zone 1: Arid   

(or dry tropical climate) which corresponds to the Desert (climate BWh and BWk).  

Zone 2: Sub-arid   

which corresponds to the Hot Steppe (climate BSh
6
). 

Zone 3: Sub humid  

(or tropical wet-and-dry climate), which corresponds to the Savannah (climate Aw). 

Zone 4: Humid tropical  

which corresponds to the Rainforest (climate Af) and the Monsoon (climate Am).  

 

 

 

 

 

 

The Arid  zone is characterized by a dry climate. ñAridò regions can be defined as regions with a 

structural precipitation deficit (World Bank, 2013). This type of climate implies little rainfall and/or 

concentrated rainfall in short periods between long rainless periods. This region globally receives less 

than 50 mm of rain per year, with a water deficit lasting at least 8 months. Precipitation is less than 

half of potential evapotranspiration. Also, there are wide differences in temperatures between day and 

night (up to 30°C difference). During the day, temperature average ranges from 20 to 25°C, and can 

                                                      

6
 In the climate BS, we chose to study only BSh (hot steppe), and not BSk (cold steppe).  
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exceed 50°C (Berthelot, 2006). Hot and dry deserts are warm throughout the fall and spring seasons 

and very hot during the summer. Winter usually has very little if any rainfall. Such areas host very rare 

vegetation: mainly shrubs and short woody trees, adapted to survive the climate (International 

Sustainability Council, 2013).   

The Sub-arid zone borders desert areas, with climatic conditions similar to those found in the desert. 

It receives more than 150 mm of rain each year (Berthelot, 2006). The dry season lasts for the major 

part of the year, followed by a short wetter season. Sub-arid areas are also characterized by seasonal 

extremes: the warmest month averages more than 29°C and the coolest as low as 16°C. The vegetation 

is mainly composed of short grasses, providing grazing for animals. 

The Sub humid zone can be found between the tropical rainforest and desert biome. The climate is 

characterized by two distinct seasons: the very long dry season (winter), followed by a very wet 

season (summer) which can last up to six months. Monsoon rains begin in May, with an average of 

380 to 650 mm of water falling during this period. The distribution of the rain is unequal: it is rainier 

towards the tropical forest zone and less towards sub-arid deserts zones.  The climate is relatively 

warm all year long, with a minimum of 18°C during the coldest month (Berthelot, 2006). Such 

conditions of humidity and heat allow for dense herbaceous vegetation to grow, with some shrubs and 

isolated trees, offering grazing to animals.  

The Humid tropical zone is characterized by the rainfall it receives all year round, with an average of 

1250 to 6000 mm, occurring mostly during the summer. Precipitations are very variable from one 

month to another, with winter drought in some regions. In addition, some areas are subject to storms 

and tropical cyclones linked to high precipitation. Temperature average ranges from 24 to 32°C 

(Berthelot, 2006), with warmer temperatures during summer and a colder winter season of 2 to 4 

months. This climate favors dense vegetation (International Sustainability Council, 2013). 

2.6 Justification and characterization of the four referent farming systems7 

For each of the four zones of study, we focus on a farming system that is broad enough to include 

a diversity of situations. They are farming systems, meaning that they include not only the production 

at the farm scale, but a broader frame (processing, commercializationéetc.). The FAO (2001) defines 

a farming system as ña population of individual farm systems that have broadly similar resource 

bases, enterprise patterns, household livelihoods and constraints, and for which similar development 

strategies and interventions would be appropriateñ.  

                                                      

7
 References will be presented as follows :  

Information from the literature: (Author, year)  

Information from the interviews: (NGO expert) 
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As we can see in Figure 3, in the arid zone, sparse vegetation prevails (number 13 on the map). 

That is why sophisticated systems have been designed to adapt to difficult climatic conditions: the 

oasis systems, which have been selected for the arid zone.  

Regarding the sub-arid zone, we can see on the map that we find principally agropastoral 

millet/sorghum systems and cereal-root crop mixed systems (numbers 11 and 8 on the map). It 

therefore appears relevant to study agropastoral systems for this zone.  

In the sub humid zone, we observe on the map a predominance of root crop, maize mixed, cereal-root 

crop mixed and forest-based systems (numbers 8, 9, 7 and 3). Considering the importance of livestock 

for livelihoods, the study will focus on mixed crop-livestock systems for this zone.  

Finally, in regions under humid tropical climate, tree crop, forest based and rice-tree crop systems 

prevail (numbers 2, 3 and 4). We will thus study agroforestry systems in the humid tropical zone.  

Figure 3 - Major farming systems in Sub-Saharan Africa  
(Source: FAO, Farming systems and poverty: improving farmersô livelihoods in a changing world, FAO, 2001, p.31) 
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2.6.1 Oasis systems of arid regions 

What characterizes an oasis system?  

Oases are ñislands of prosperityò in an arid environment, which can host intensified 

agroecosystems. They are places of settlement and intense economic and socio-cultural activities 

(Deygout and Treboux, 2012). In Africa, they are found in the Saharan region, where they developed 

with caravanned trade. They remain quite traditional in their cultivation system. 

A specific cultivation design in several strata creates the ñoasis effectò, a microclimate based on 

reduction of temperature in an isolated moisture source surrounded by an arid area. Humidity, heat and 

light allow for space optimization in an environment of high thermic amplitude where fertile soils and 

water lack. Indeed, oases host a biodiversity adapted to specific climatic constraints and thus constitute 

a great reservoir of local genetic diversity. Diversified agricultural production is distributed in the 

different vegetative strata: 

- The tree layer:  date palm, whose leaves filter the sunlight 

- The shrub layer: mainly vines and fruit trees (pomegranate tree, apricot tree, etc.) 

- The herbaceous layer: cereals, alfalfa, vegetables, medicinal and aromatic plants 

The core of the oasis hosts intensive irrigated cultivation based on submersion specific systems that do 

not use fossil energy and rely on available water under tree layer. Extensive livestock production is led 

on large pastoral areas surrounding the palm grove. Oases also constitute a relay for nomad and semi-

nomad breeders of arid zones. Animals 

contribute to soil fertility management 

while benefiting from oasis forage 

production (Cheneval and Michel-Queirel, 

2012). Additional recession crop 

production can be practiced in some areas 

although it is quite unpredictable (Deygout 

and Treboux, 2012). Oases provide with a 

wide range of foods including cereals, 

legumes, milk products and animal 

proteins, which contribute to food security 

and nutritional quality of local populationsô diets. 

Why a focus on oasis systems? 

To which extent are oasis systems resilient regarding climate change? 

In arid zones, climate changes accentuate water scarcity and soil degradation and affect 

agricultural yields. Oases have a great potential to face such challenges. They represent real models of 

adaptation to tough climatic conditions, with characteristics of flexibility to face climatic shocks. 

Indeed, oasis farmers have been able to adapt in response to the droughts in the 1970ôs and 1980ôs, 

Figure 4 - Oasis in Morocco (Source: CARI, 2006) 
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which have caused a decline of agricultural production and losses in livestock. Oases have shown their 

resilience through several adaptation measures including a diminution of the number of cultivated 

layers, sales of animals and multiplications of wells. 

Which representativeness of oasis systems? 

Oases constitute the agroecosystem which host the most people (NGO expert) and counts for the 

majority of the Utilized Agricultural Land in arid zones (Cheneval and Michel-Queirel, 2012). We 

observe an increasing interest from governments and international organization for these farming 

systems. 

How are oasis systems agroecological? 

The multiple layers optimize the use of surfaces and take advantage of beneficial interactions 

between plants; and crop and livestock integration favors biological recycling. Diversification of 

production, including trees, bushes and grasses, strengthens the resilience. For instance, if cereal 

production, which is more sensitive to climate change, fails, other productions such as fruits may be 

able to compensate. This diversity also enables the production of forage for animals, relatively 

compensating the lack of pastures. 

Which advantages of oases? 

Thanks to an optimized utilization of soil and water resources and productions adapted to the 

environment, oasis cultivation gives high yields. Also, these family farming systems aim at preserving 

production means and increasing resilience. Indeed, the oasis system is designed to be able to absorb 

brutal shocks and quickly recover equilibrium. This is mainly due to its functioning, its familial 

organization and its environment. Humans have had to innovate, adapt and sustainably manage 

resources, in order to produce more with fewer resources and be able to survive in arid areas. 

Moreover, such farming systems present a potential for job creation. Their diversified products also 

potentially give access to broader market. Collateral activities such as processing and sale are often 

restricted or relocated whereas they could be developed and profit to local population. 

Which socio-economic factors threaten oasis systems? 

First, groundwater tables are overexploited because of uncontrolled multiplication of pumping 

stations. Secondly, oases maintenance is weakened by the migration of workers which is stimulated by 

climate change. This phenomenon, combined with the lack of organization and professionalization of 

producers, contributes to the degradation of oasis maintenance and productivity. Furthermore, 

nowadays oasis systems are often not economically sustainable because they are dependent to external 

financial inputs (peasants pluriactivity and money transferred by migrants). In addition, knowledge 

and know-how are progressively disappearing, instead of being transferred between generations. 

Further recognition of oasis specificity by public policies would be required. Finally, production 

modes are becoming more and more individual, with the emergence of large modern palm groves 

controlled by external investors which represent unfair competition for water access.  
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2.6.2 Various levels of crop-livestock integration in sub-arid and sub humid regions 

In Africa, livestock has a great importance for social, economic and environmental aspects. 

Animal breeding allows for valorization of pasture land which represents 78% of total agricultural 

surface on the continent (Vall et al., 2014); and significantly contribute to food security, reduction of 

poverty and job creation. Small-scale livestock farming communities take advantage of human-

inedible forage and marginal lands, to produce high quality and human-edible foods; and avoid 

degradation of natural resources and social arrangements (Rivera-Ferre et al., 2012). 

In Africa, livestock breeding depends 

on direct feed supply of spontaneous 

and cultivated vegetation. Its 

mobility is therefore linked to its 

spatial repartition which depends on 

rainfall and temperatures. As 

presented in Figure 5, there exists a 

diversity of livestock systems. In 

sub-arid zones, breeding is strongly 

dependent to natural resources and 

mobility. Pastoral systems that 

practice transhumance therefore 

prevail. In sub humid regions, 

livestock husbandry has relatively 

settled as climatic conditions allow for crop cultivation.  Mixed crop-livestock systems are thus 

dominant. Finally, in the two zones, intermediary systems, which associate mobility and cultivation, 

are developing: agropastoral systems. We will put an emphasis on agropastoral systems of sub-arid 

zones in order to study integration of crop and livestock productions which is a basic principle of 

agroecology. Regarding sub humid zones, we will focus on mixed crop-livestock systems.  

 

2.6.3 Agropastoral systems of sub-arid regions 

What characterizes an agropastoral system? 

A diversity of agropastoral systems 

Agropastoral systems present a wide range of mobility levels, herdsô sizes and cultivated 

surfaces. In Africa, they are generally found in regions with low density of population. Herdsô 

mobility is a necessary condition for the systemsô viability, as it gives access to resources of water and 

pastures whose spatial distribution varies along the year. Breeders may also have access to cultivated 

land through their family or agreements with crop producers.  

Figure 5 - Levels of crops-livestock integration  
(adapted by Debray V. from INRA, 2014) 
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DôAquino et al. (1995) underline the emergence of systems combining crop and livestock production. 

In areas that have been historically dedicated to cultivation, resources have often been overexploited, 

leading to yield decreases. In response, farmers generally diversify their production with animal 

breeding. Animals provide food for 

auto consumption, additional income, 

fertilizer and animal power. In 

agropastoral systems, livestock is also 

a patrimony and material security 

insurance, as well as a symbol of 

success. Dicko et al. (2006) 

distinguish the associations dry crops-

livestock (with millet/ cowpea or 

millet/peanut); irrigated crops-

livestock (with irrigated or rain-fed 

rice); and the agrosilvopastoral 

system (with Acacia Senegal).  

How is livestock managed in agropastoral systems? 

Agropastoral herds are rather small compared to pure transhumant one, and composed mainly of 

sheep, goats and bovines from local breeds. Milk is the main animal product in the Sahel, in particular 

bovine one, although farmers do not necessarily have access to (NGO expert). Goats quickly spread 

after the droughts in the Sahel thanks to their aptitude to better exploit degraded lands, their short 

reproduction cycle and the fact that smallholders can easily acquire them. Breeders can also easily sell 

them in order to buy other animals and diversify the system (Dicko et al., 2006). Herds may be owned 

individually by a family, or collectively, and are often managed by an employed shepherd who is in 

charge of daily management of cattle while women generally take care of small ruminants. Livestock 

can be managed through transhumance or more sedentarily (range pasturing, divagation, tether or 

ñzero-grazingò). Transhumance is practiced mostly with bovines. It is planned and accompanied only 

by the herdsman while dairy animals stay at the permanent place. In wet season, animals are brought 

to the driest areas, to leave arable land available for cultivation. Then, at the beginning of the dry 

season, herds move back to the permanent place. Regarding small ruminants, the system is more 

sedentary. In the wet season, herds are either brought on fallows with a herdsman, or let tethered to a 

post on family land. During the dry season, the divagation system prevails (Dicko et al., 2006). 

Why a focus on agropastoral systems? 

To which extent are agropastoral systems resilient regarding climate change? 

Warming destabilizes precipitation patterns which then disrupt primary biomass production and 

filling of water reservoirs. Water availability increasing unpredictability impacts crop and livestock 

Figure 6 - Agropastoral system in Niger 
 (Source: CARI, 2007) 
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productivity and influences animal mobility. Breeders have to move back earlier to cultivation areas, 

which leads to an overexploitation of grasslands in some areas and under exploitation in others (NGO 

expert). In addition, warming restricts the area suitable for cultivation and heavy rains damage soils. 

Such evolutions cause yield reductions, including of millet. Heavy rains also favor diseases 

propagation (NGO expert). In addition, successive years of extreme drought decimate herds and 

prevent their reconstitution. More frequent weather extremes may also destroy physical infrastructure 

for crops and livestock (Rivera-Ferre, 2012). 

The drought in 1972-1973 affected livestock production in several ways: degradation of livestock 

itinerary, loss of herds, migration of populations to sub humid zones. However, farmers were able to 

reconstruct their systems. Moreover, this event conducted to the international recognition of the 

vulnerability of this region and the necessity to take action to restore its production functions and 

prevent future disasters (Dicko et al., 2006). Agropastoral systems present several aspects of resilience 

to climate change. First, their mobility allows optimizing land use in accordance with climatic 

constraints (NGO expert). Heterogeneity of sub-arid zones, generally perceived as a production 

disadvantage, is actually the basis of mobility which is the optimal use of these ecosystems (Wezel, 

2014). Secondly, such systems include a variety of productions and species, whose needs and life 

cycles differ in time, increasing their flexibility. They generally rely on the maintenance of hardy local 

breeds of animals that are resistant to poor diets and water lack. Thirdly, breeders may sell animals to 

ensure their food security. Finally, breedersô capacity of negotiation allows them to a certain extent to 

take advantage of opportunities to graze their animals while creating alliances that strengthens their 

systems (NGO expert). Nevertheless, agropastoral systemsô resilience is sometimes insufficient and 

farmers sell capital that they should keep (NGO expert). 

Which representativeness of agropastoral systems? 

Agropastoral systems are representative of peasantsô activities in sub-arid zones and concern 

large numbers of population (NGO expert). They represent the main wealth of the region and 

constitute one fundamental social value. Even though peasants in sub-arid regions cannot always 

afford to breed animals, large parts of the population depend on agropastoral systems. Indeed, many 

households rely on livestock for food, animal products, income or insurance against crop failure. For 

instance, in the sub-arid zone of Madagascar, zebus are traditionally integrated in farming systems for 

transport and manure supply (NGO expert). 

How are agropastoral systems agroecological? 

Agropastoral systems rely on agroecological principles including fertility transfer from animals to 

fields; the use of local resources and their collective management (NGO expert); low dependence to 

external inputs; and the maintenance of sensitive zones. They are based on traditional know-how and 

knowledge transmission between farmers (NGO expert). 
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Which advantages of agropastoral systems? 

Animals bring organic manure that contributes to crop fertilization and thus to yield increase. 

Higher amounts of crop products (forage, byproducts and residues) lead to a better alimentation of 

animals, which in return bring more manure and work force for cultivation and transport. This 

integration permits to maintain crop production, which is impacted by climate change, while ensuring 

another production in case of crop failure. In addition, breeding permits to make use of remote lands 

on which crop cannot be grown and of residual resources. It also generates jobs in the dry season, 

when work force required for cultivation is low. Dicko et al. (2006) state that livestock farming 

sustainability in the Sahel will depend on the integration between crop and animal production. 

Furthermore, population growth and urbanization contribute to increasing animal products demand 

and to the multiplication of markets and local trade of livestock products. Moreover, agropastoral 

systems host various innovations, such as livestock diversification, use of woody forage resources, hay 

fabrication and organization of pastoral itineraries (NGO expert). 

Which limits of agropastoral systems? 

There might be a competition for allocation of resources between crop and livestock productions. 

Indeed, agricultural work during wet seasons may limit animal breeding during this period. Animals 

may be placed in available lands that are degraded by the lack of control over grazing. Moreover, 

small ruminants generally do not provide with sufficient manure for cultivated land fertilization.  

Which socio-economic factors threaten agropastoral systems? 

 Herdsô mobility is constrained by crop cultivation expansion and pasture paths degradation. This 

situation often leads to conflicts linked to land and water availability but also linked to damages 

caused by animals on fields. Reduced herdsô mobility generates feeding issues in periods when they 

didnôt exist in the past (Vall et al., 2014).  

 

2.6.4 Mixed crop-livestock systems of sub humid regions 

What characterizes a mixed crop-livestock system? 

A diversity of mixed crop-livestock systems 

Major farming systems of sub humid zones identified by the FAO (Cf. p.27) all include animals, 

to different extent. In root crop and maize mixed systems cattle is strongly integrated. However, most 

farmers cannot afford to breed many animals. Herds are more anecdotal in cereal-root crop mixed and 

forest-based systems. Only when space opening allows it, bovine breeding is favored (DôAquino et al., 

1995). In regions where tripanosomiasis limits cattle-based systems, peasants generally introduce 

small ruminants into their mixed systems. In such systems, integration between crops and livestock 

productions is limited by restricted amounts of manure. 
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How are crops and animals managed in mixed crop-livestock systems? 

Farmers implement different kind of 

strategies. Some alternate between 

cultivation and pasture on the same plot; 

some rely almost exclusively on crops 

that they produce and their byproducts for 

livestock feeding; some graze animals 

under plantations; and some combine 

several of these techniques. 

In unsaturated areas, farming systems are 

often based on slash-and-burn techniques, 

in rotation with fallow of variable 

duration for pastoral use. Such systems 

rely on high availability of space which allows for a rest period of about 10 to 30 years to restore soil 

fertility. They may be replaced by others with stronger integration of crop and livestock productions as 

competition for land extends.  

In some regions with more saturated land, farmers rely on close crop-livestock integration for fieldsô 

fertilization and animal feeding. 

Mixed systems may also rely on perennials or trees (cash crops and subsistence crops for own 

consumption). In regions where plantations are almost exclusive, subsistence farming is in deficit and 

animal proteins supply may be of high interest for populations. The association between livestock and 

plantations is diverse, depending on cultivated plant nature and cultivation mode. For instance, in 

South of Benin, Cameroun, C¹te dôIvoire and Togo, we can find small ruminants and some cattle in 

palm groves and coconut. Animals add value to herbaceous cover under plantation and ñcleanò the 

land, reducing plantation maintenance cost while favoring soil biological activity which is often 

weakened in plantations by pesticides and herbicides. This fertilization is completed with compost 

made of perennialsô leaves. 

In more humid forest areas, vegetation density restricts animal movement and favors parasites and 

diseases spreading. There are though some small ruminants grazing in undergrowth where vegetation 

opening allows, providing farmers with supplementary revenue. 

Why a focus on mixed crop-livestock systems? 

To which extent are mixed crop-livestock systems resilient regarding climate change? 

Mixed crop-livestock systems are still highly dependent to natural resources. Rainfall is likely to 

become more unpredictable, with generally shorter wet seasons and more frequent and intense heavy 

rains and cyclones. This implies greater variability of production and price volatility. Farmers perceive 

Figure 7 - Mixed system in Togo (AVSF, 2013) 
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changes in start and end dates of rainy seasons, although clear direction of this evolution cannot be 

identified (NGO expert). Floods may favor pests, diseases and weeds spreading. Cyclones may destroy 

crops and weaken animals. In addition, higher temperatures and CO2 concentrations are expected to 

reduce the surface of savanna grassland. 

However, mixed crop-livestock systems present certain resilience. Their nature implies a 

diversification of production and economic complementarity that increases peasant systemsô flexibility 

to face climatic shocks. If one type of production fails because of unfavorable climatic conditions, 

other crop or animal production may compensate and ensure minimum food security. Mixed systems 

may therefore increase the capacity of peasants to face extreme events and ensure their maintenance 

(NGO expert).  

Which representativeness of mixed crop-livestock systems? 

Sub humid zones are characterized by the prevalence of savanna grasslands with pastoral 

societies and smallholder rain-fed cultivation. Rainfall patterns generally allow breeders to grow 

crops. Rain-fed mixed crop-livestock farming therefore replaces livestock-only and crop-only systems 

when conditions allow it (agricultural land availability and access to market). Moreover, in areas with 

high population densities, land pressure forces farmers to associate crop and livestock production. 

Many families breed animals, even at very small scale. Livestock highly matters as a way of saving. In 

Togo for instance, almost all farmers have a least a small herd (NGO expert).  

How are mixed crop-livestock systems agroecological? 

The integration of animal and crop productions allows for biological recycling: animal manure is 

used as organic fertilizer while crops and their byproducts feed animals. Animals may also ensure the 

conservation of a dense multi-specific herbaceous cover close to natural vegetation, which allows for 

better interception of rain, slower mineralization of organic matter, increased fertilization and soil 

protection against erosion. Grazing also permits to avoid using chemical herbicides which is frequent 

in some areas and increases soil exposure to erosion. Moreover, mixed crop-livestock systems are 

generally highly diversified, including associations and rotations of cereals and legumes (NGO 

expert). Livestock breeding can also generate jobs (shepherds, blacksmithsé) and reinforce social link 

between crop producers and breeders. 

Which advantages of mixed crop-livestock systems? 

Livestock both improves organic fertility and adds value to weak vegetation on poor soils which 

would otherwise be subject to deforestation. It represents an economic complementarity which is 

essential to secure regional farming systems. Also, dry cereal production is expected to be less 

affected by climate change in sub humid regions than in sub-arid ones. Maintaining systems that 

associate crops and animals could permit to compensate for expected issues of livestock production 

(reduction of grassland, land pressureé). Moreover, some global changes may produce opportunities 
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for livestock producers. Population growth and new consumption patterns of emerging middle class 

stimulate demand for animal products (Vall et al., 2014). 

Which limits to mixed crop-livestock systems?  

In regions where land pressure is growing, surfaces cannot be left as fallow and soils are losing 

fertility. In addition, vegetable production sometimes relies on chemicals to control pests and diseases, 

as it is the case in many areas of Togo (NGO expert). Also in this country, many farmers are 

extremely dependent to mineral fertilizers and use them at high rates. Interactions between crop and 

livestock productions are not always fully exploited. Furthermore, livestock expansion and cultivated 

surface extension lead to an important stocking rate that weakens the environment and threatens 

natural vegetation (DôAquino et al., 1995). 

Which socio-economic factors threaten mixed crop-livestock systems? 

In West African sub humid zones, populations coming from the Sahel with different cultures have 

coexisted for a long time. However, nowadays competitions for land and resources have become more 

serious and conflicts linked to land use are multiplying, reinforcing division between ethnic and 

religious groups. In addition, farmers also have to deal with competition for land from agribusiness 

projects which affect large zones with a good agricultural potential. In countries such as Madagascar, 

Soudan, Ethiopia and Ghana, between 1% and 2.5% of arable land are estimated to be concerned by 

agribusiness threat. Migrations linked to climate change also affect agricultural activities and 

dynamics in families. Women generally stay and take on all the work (Vall al., 2014). In addition, 

insufficiency of public services and policies limit the development of livestock production. In many 

countries, zoo technical and veterinary services cannot meet the demand. Animal movements, 

reduction of animal health services, climate change and unmanaged urbanization complicate diseases 

control (Vall et al., 2014). 

 

2.6.5 Agroforestry systems of humid tropical regions 

What characterizes an agroforestry system?  

A diversity of agroforestry systems 

The word ñagroforestryò gathers ñland-use systems in which woody perennials are deliberately 

used on the same land management unit as agricultural crops, animals or both, either in some form of 

spatial arrangement or temporal sequence. In agroforestry systems there are both ecological and 

economic interactions between the different components.ò (World Agroforestry Center in Marin, 

2014). Agroforestry systems are characterized by plant associationsô degree of complexity and spatial 

structure. In humid tropical zones, such systems result either from a progressive occupation of 

woodland by agriculture through the plantation of cultivated species under natural shade or from the 

plantation by humans of associations after complete clearing of wood or savanna plot. Forest-based 
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farming systems are generally based on shifting cultivation, but as population density increases fallow 

periods are progressively being reduced and agroforestry appears as an alternative. There exist a wide 

range of agroforestry systems: from relay cropping to complex multi-strata systems associating 

numerous perennial and annual plant species that mimic natural forests. In humid tropical Africa, 

agroforestry systems are peasant plantations combining perennial cash crops (coffee, cocoa, 

coconuté) with other plants such as trees for wood, fruit trees, subsistence crops, material for 

handicraft (palm, bamboo..), medicinal plants and vegetative cover. Although livestock production is 

generally marginal in those systems, peasants may introduce small ruminants, pigs or poultry in areas 

with high densities of population, where crop-only small farm predominance affects soil quality, and 

where foods lack. In South Nigeria for instance, small ruminant breeding is spreading (DôAquino et 

al., 1995).  

How are agroforestry systems managed?  

As shown in Figure 8, in Madagascar for instance, the different crops are distributed according to 

the topography: fruit and cash crop trees at the top; fruit trees, root crops, cereals and legumes on the 

slope; and vegetables 

and rice in the plain 

(NGO expert).  

Tree crop farming 

systems may also be 

considered as 

agroforestry as they are 

generally composed of 

tree crop production 

(cocoa, coffee, oil palm, 

rubberé) inter-planted 

with food crops (roots 

and tubers). Cassava, 

yam and cocoyam are 

the main staple while 

tree crops and off-farm 

activities are the main source of cash. 

In addition, different kinds of agroforestry techniques are implemented in all kinds of farming 

systems: hedgerows, grassy strips, cultivation under tree shade, reforestation. The same peasant may 

implement slash-and-burn techniques on some of his plots and agroforestry on others. 

 

 
Figure 8 - Land use in the Alaotra Lake region  

(Source: adapted from Rivera et al., The role of small-scale livestock farming 

 in climate change and food security 2012, p.89) 
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Why a focus on agroforestry systems? 

To which extent are agroforestry systems resilient to climate change? 

Mean annual temperature raise and increased duration of heatwaves may provoke heat stress for 

crops. Such warming also leads to more frequent and intense heavy rains which are a factor of soil 

erosion and crop destruction. Increased moisture may favor diseases vectors and stimulate weed 

infestation. In addition, cyclones, which are becoming more frequent and intense, cause land 

degradation and weaken animals, increasing their sensitivity to diseases. Furthermore, cropping 

calendar will be disturbed by changes in rainfall patterns: start and end dates of rainy seasons are 

increasingly unpredictable; rainy seasons are likely to become shorter while droughts duration extend 

and temporary drought become more frequent even during rainy season.  

Agroforestry systems are quite resilient, including against cyclones (NGO expert). Risks linked to 

climatic and other extreme events are diversified, and so are income sources. For instance in 

Madagascar, if cyclone occurs in January, rice is affected whereas fruits are saved and the other way 

round. Furthermore, in most documented cases of successful agroforestry implementation, these 

systems prove to be more productive, more sustainable and more attuned to peopleôs cultural or 

material needs than treeless systems (Mbow et al., 2014). 

Which representativeness of agroforestry systems? 

Agroforestry systems are not necessarily the most representative farming systems of the humid 

tropical zone, but they characterize these regions and are implemented by peasants. They significantly 

contribute to householdsô food security and have experienced recent increase in adoption by farmers in 

many parts of Africa (Mbow et al., 2014). Humid tropics have great species diversity and are suitable 

for complex agroforestry (Marin, 2014).  

How are agroforestry systems agroecological? 

Trees benefit to agroecosystems in several ways: biodiversity regeneration; better water 

infiltration reducing water erosion; shelter for pollinator insects and birds; reduced evapotranspiration 

and thus water loss; protection of the soil against wind erosion and erratic rains (NGO expert). 

Agroforestry takes advantage of interactions between species on a same plot: trees provide crops with 

shade allowing them to grow; legumes favor soil fertility that will benefit to other plants; plantsô 

various rooting systems explore different soil strata favoring its structure; animals may pass on fields 

and bring manure. Such systems also optimize land use on slope and in plains (NGO expert). 

Agroforestry improves natural resources use efficiency (space, soil nutrients, water, and light) and 

limits sanitary, climatic and economic risks thanks to diversification (Penot and Feintrenie, 2014). 

Such systems favor a useful biodiversity with a market value while integrating a non-valorized 

biodiversity that plays an important ecological role. 
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Which advantages of agroforestry? 

Agroforestry is increasingly recognized as a sustainable land use that contributes to farmersô 

ability to adapt to climate change. It enhances agro-ecosystem diversity and resilience while 

contributing to the limitation of greenhouse gas concentrations in the atmosphere (IPCC, 2014). Such 

systems favor plants recovering after extreme climatic events such as floods (Foubert, 2014). 

Agroforestry therefore provides multiple benefits: food provision, diversified income sources and 

environmental services. For instance, African peasants have been able to transform degraded 

agricultural landscapes into more productive and sustainable systems by integrating trees into annual 

cropping systems (IPCC, 2014). The vegetation cover may also contribute to a year-round cooling 

which could favor crop production (Christensen et al., 2007). Furthermore, agroforestry systems 

present several agronomic advantages. First, they maintain and even improve soil fertility, through the 

use of legumes, protection against erosion and reduced soil working (thanks to plant cover competition 

capacity). Plant covers may also constitute forage to feed animals. In addition, species diversity limits 

pests spreading. Agroforestry can consequently be seen as a way to sustainably intensify farming 

practices for increased food security using socially and cost-effective management techniques. They 

require low external input, high recycling rates and sometimes crop-livestock integration.  

Which limits to agroforestry systems? 

The potential of agroforestry is limited in the short term because of small farm size, poor 

development of markets and isolation (FAO, 2001). In addition, as their land holdings are small, 

farmers are often unwilling or unable to dedicate land to agroforestry. Peasants are often reluctant to 

invest in the long-term when it may benefit the next owner of their land rather than themselves (Mbow 

et al., 2014). Also sometimes land owners do not permit peasants to plant trees because it is a sign of 

property. Moreover, agroforestry options are not applicable everywhere and the current stage of 

knowledge does not provide sufficient information on what systems work where, for whom and under 

what circumstances. 

Which socio-economic factors threaten agroforestry systems? 

Increasing population pressures natural resources. Furthermore, peasant systems generally cannot 

compete with monospecific conventional systems in terms of profitability of work and land in short 

and medium term (Penot and Feintrenie, 2014) and are thus threatened by their expansion.  

 

 

The following part characterizes the expected effects of climate change in the different climatic 

zones and how they could affect the four farming systems that have been presented. Peasantsô 

agroecological practices that contribute to their systemsô adaptation are then presented. We then study 

innovative combinations of agroecological practices implemented by peasants. 
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3. Results 

3.1 Expected effects of climate change on agriculture in Africa
8
 

3.1.1 Which implications of climate change for agriculture in Africa? 

 The 5th Assessment Report of the IPCC (2014) provides many evidences of climate changes on 

all continents. Even under most optimistic IPCC scenarios, climate change will have widespread 

impacts on food security, water availability, livelihoods and human health in Africa. Vast proportions 

of African countriesô populations rely on agricultural production (both crops and livestock) for 

livelihood and food security. Indeed, agriculture employs almost 70% of the population in most 

African countries and represents in average 21% of GDP in Africa, with a contribution ranging from 

10 to 70% depending on the country (Boko et al., 2007). Yet it is often considered as the human 

activity that is the most dependent to climate (Sultan, 2008).  

The main staple foods in Africa are cassava, rice, soybean, wheat, maize, millet and sorghum 

(Adesina, 2010, cited in World Bank 2013). In Sub-Saharan Africa
9
, 97% of total crop land is rain-fed 

and many African countries do not have efficient irrigation systems (Boko et al., 2007). The livestock 

sector is also very important in Africa, with a concentration in sub-arid and sub humid zones, because 

of susceptibility to diseases and low digestibility of grasses in tropical environments. African peasantsô 

rain-fed farming systems are particularly dependent to precipitation variability  and therefore critically 

vulnerable to climate evolutions. Besides the challenges of climate change, African farmers have to 

cope with constraints such as poor soil fertility, pests, crop and animal diseases and restricted access to 

inputs and improved seeds (Boko et al., 2007). Climate changes and hazards are aggravating the 

already challenging situation, threatening populationsô livelihoods (World Bank, 2013). 

Rainfall increasing variability is likely to further restrict access to water resources; shorten 

growth season; impact soil fertility; and alter quantity and quality of available grass. These factors 

would lead to reductions of animal and crop productivity. In addition, warming further weakens 

agricultural production. It contributes to soil degradation and loss of arable land; crop yield and animal 

productivity reduction; alteration of vegetative covers; and pests and diseases spreading. Also extreme 

events could have significant consequences which are uncertain for now (Rötter et al, 2011, cited in 

World Bank 2013). Yields from rain-fed cultivation could decrease by up to 50% in some countries by 

                                                      

8
 See more detailed information from literature review in Appendix 4 

9
 Part of the African continent below the Sahara desert 
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2020; and crop net revenues by 90% by 2100 (Somorin et al., 2010). The relative significance of 

temperature and precipitation in the effects of climate change on agriculture varies depending on the 

regions. It is difficult to assess as they are closely linked and interact. Yield modification in arid zones 

may be mainly driven by rainfall changes, whereas it is more dependent to temperature in tropical 

zones (World Bank, 2013).  

However in many parts of Africa climate change is not fully understood (Boko et al., 2007). 

Processes such as rainfall, evaporation and infiltration are not efficiently represented whereas they are 

the phenomenon with the strongest ecological and societal impacts because they affect local climates 

at agricultural scale (Sultan, 2008). Furthermore, there exist some uncertainties about climate 

projections, the response of different crops to changing climatic conditions, and the coupling of 

climate and crop models based on different temporal and spatial scales. Climate models are generally 

consistent regarding the direction of warming in Africa whereas projections for precipitation are less 

certain (Boko et al., 2007). Furthermore, although climate change is expected to affect mainly 

negatively agriculture in Africa, Müller et al. (2011, cited in World Bank 2013) suggest that it may 

have positive influence as well, depending on farm type and crop type and depending on whether or 

not adaptation is assumed. For instance, crops may respond positively to increasing atmospheric CO2 

concentrations. But important crops such as maize, sorghum and millet are not very sensitive to 

atmospheric CO2 concentrations, and the magnitude of these effects remains uncertain.  

In the following section, the effects of climate change on agriculture in each of the four zones will 

be studied more in detail.  

3.1.2 Which challenges to farming systems in the four zones of study?
10

 

a. In the arid zone 

Agriculture in arid Afric a 

Arid regions rely on the wet season for water and receive little runoff from permanent water sources. 

High temperatures and dry soils, which absorb more moisture, accentuate this phenomenon. Moreover, 

agricultural production in arid zones is subject to strong constraints such as low fertility of soils, due to 

low organic matter content, and high density of weeds and pests. Producers are mostly subsistence 

farmers, growing mainly cereals and legumes in rain-fed or specific irrigation systems. They also 

produce smaller amounts of roots, fibers, fruits and vegetables. Livestock production is limited by the 

scarcity of accessible grasslands (Wellington, 2007). 

                                                      

10
 Find more details on climate in the four zones of study in Appendix 4. This information is summarized in 

Tables 2 to 5. 
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Figure 9 - Arid climate zone  
(adapted by Debray V. from: Peel M. C., Finlayson B.L., 

MCMAGON T.A, Hydrology and Earth System Sciences 
Discussions Vol.11, n°5, 2007, p.1638. 2007) 

Climate changes in arid Africa 

In the arid zone, climate is becoming drier and 

warmer in average during the year. Average 

annual rainfall is decreasing while mean 

temperature increases. In the worst case, local 

associations expect a 50% decrease of rainfall 

by 2060 in Morocco and Algeria (Cheneval and 

Michel-Queirel, 2012). Furthermore, extreme 

climatic events such as droughts, heatwaves and 

flooding should multiply (Kabat et al., 2002, 

cited in Christensen et al. 2007). The number of 

heatwaves days per year is expected to increase 

over the 21
st
 century (IPCC, 2014). In the Horn 

of Africa and in North East Africa, global 

climatic models predict an increase of rainfall 

whereas regional climatic models expect drier 

conditions. If rainfall was to increase, it would be during periods of heavier rainfall instead of being 

uniformly distributed during the year, accentuating flooding risk (Schellnhuber et al., 2013).  

Subsistence farming of African arid regions is threatened by the following major climate changes: 

increase of mean annual temperature; reduction of annual average rainfall; higher spatial and temporal 

variability of rainfall; more frequent and longer droughts; more frequent and intense heat waves; and 

more frequent and intense floods. Such evolutions generate great challenges for farmers, which are 

summarized in Table 2. 

Table 2 - Main challenges for farmers in the arid zone regarding climate changes 

Affected factor 
Impacts on natural resources  

and production means 
Challenges for farmers 

Landscape Expansion of desert zones Loss of arable land 

Water 

Lower quantity of available water 

Higher uncertainty about water availability in time 

and space 

Low-efficiency surface irrigation systems 

Increased crops and animals water requirements 

Lack of water supply for crops and 

animals 

 

Soil 

Higher soil salinity 

Accentuated evapotranspiration 

Loss of organic matter 

 

Reduction of soil fertility 






















































































